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Abstract – In this paper, UHF additional propagation path 

loss due to some climatic variables at the troposphere were 

investigated and reported. The paper focuses on modeling 

UHF propagation path loss due to air temperature, relative 

humidity and water vapor density of air using empirical 

approach. The experimentally measured data obtained were 

analyzed using regression technique and corresponding 

models were developed. The variations in air temperature 

with UHF path loss has the best fit with polynomial fitting 

curve, and the results shown that as air temperature increases, 

the UHF signal propagation path loss reduces with different 

gradient coefficients in the first, second, third and fourth 

orders in the frequency ranges of (935-940)MHz , (945-950) 

MHz and (950-955) MHz considered. The result also shown 

significant increase in UHF path loss as relative humidity 

increases with gradient coefficients of 99.34dB/ %, 

109.21424dB/ % and 69.88878dB/ % respectively. Estimation 

of variation in UHF path loss with volume of water vapor per 

unit mass of air shown that as water vapor in air increases 

there is a corresponding increase in UHF path loss with 

gradient coefficients of 140.896dB/ kgm-3, 145.341dB/ kgm-3 

and 136.945dB/ kgm-3 due to refraction, diffraction and 

scattering of UHF radio wave by water vapor in the air. The 

results have shown that increase in relative humidity and 

water vapor of air have additional effects on UHF path loss 

within the troposphere while increase in air temperature 

reduces the additional path loss. 
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I. INTRODUCTION 
 

The troposphere is the first region of the atmosphere, 

where weather effects exist [11]. Some of the climatic 

variables such as relative humidity, air-temperature and 

water vapor constitute major constituents of weather 

parameters at the troposphere and has significant effects on 

RF radio wave propagation [9]. Some of the climatic 

variables (figure 1) can combine in many ways to affect 

UHF radio signal that it may not be received over a 

satisfactory path particularly in a line of sight 

communication. In an earth environment, modes of 

propagation of electromagnetic waves depend not only on 

their own properties (figure 2 & 3) but also on the traveling 

environment itself [5]; [13]. Wave travels in straight lines 

until the earth and its atmosphere alter the wave path [6]; 

[7]. Troposphere propagation is less reliable than 

ionosphere propagation due to significant effects of the 

climatic variables [10]. Besides building, terrain and 

vegetation effects on RF propagation, climatic variables are 

additional factors that affect RF propagation within the 

troposphere [3]. Previous research works have been focused 

more on studying and prediction of average monthly, 

seasonal and annual radio refractivity variations using the 

existing ITU-Recommended Refractivity model by several 

authors [8]; [2]; [14]; [1] and [4]. Meanwhile, radio 

refractivity is subject to change in the refractive index of the 

atmosphere as radio waves transverse each layer. Reports in 

literature have shown clearly that climatic variables have 

combine effects on troposphere layer RF propagation but 

the role of each variable has not been transformed to 

specific model for accurate understan--ding and prediction 

of the effects of climatic variables on UHF additional 

propagation loss within the troposphere layer due to 

unstable and complex nature of some of these variables in 

the troposphere. The area of interest for UHF additional 

propagation loss in this paper are the effects of air-

temperature, relative humidity and water vapor density of 

the troposphere layer. Since modeling the effects of climatic 

variables on UHF additional propagation loss will be an 

important element of system design and performance 

prediction, hence the need for this empirical research 

approach. 

 

 
Fig. 1. Interdependent of some climatic variables [13]. 

 

 
Fig. 2. UHF Path loss in transmitting and receiving modes 

[12]. 
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Fig. 3. Troposphere scattering of radio wave [5]. 

 

II. MATERIALS AND METHODS 
 

An empirical method was adopted to determining the 

effects of climatic variables on UHF radio propagation, the 

investigation was carried out from January, 2013 to January 

2015 in the following location (Ogbomoso (4.1448oE, 

8.0801N), Osogbo (4.567oE, 7.767oN), Akure (5.083oN, 

7.767oN), Ado Ekiti (5.22139oE, 7.62111oN), Ibadan 

(3.91667oE, 7.39639oN), Abeokuta (3.34833oE, 

7.16083oN) and Lagos (3.39583oE, 6.45306oN)) within the 

tropical region of southwestern Nigeria using a multipurp- 

-ose meter that measures and store UHF networks signal 

strength concurrently with climatic variables at an interval 

of five minutes. The identity of the Cell that provides the 

measured signal strength at each location and the distance 

from the meter with the geographical coordinates were 

obtained using network pro software. The experiment was 

set up as shown in plate 1, 2 and 3. The measurement was 

carried for GSM 900 classes transmitting at the following 

frequency bands; Etisalat (935-940) MHz, Glo (945-950) 

MHz and MTN (950-955) MHz. 

  

 
Plate 1. Received signal cell identification. 

 

 
Plate 2. UHF signal strength meter. 

 
Plate 3. Storage component of the meter. 

 

III. RESULTS AND DISCUSSION 
 

Data obtained over the period of measurements were 

collated and analyzed using scatter plot. In the course of the 

analysis, the best trend lines were fitted based on regression 

analysis technique and general models representing the 

effect of each climatic variable on UHF under consideration 

were developed from the fitted curves. The results in figure 

4(a-c) were obtained using Polynomial fit, it was observed 

from the results of figure 4(a-c) that as air temperature 

increases, the UHF signal propagation path loss reduces 

with different gradient coefficients in the first, second, third 

and fourth orders. From the results in figure4 (a-c), it is 

clear that as troposphere air temperature increases UHF 

path loss reduces. The models that represent the effects of 

variations in air temperature on each GSM 900 class band 

is shown in equation 1, 2 and 3 for Etisalat, Glo and MTN 

networks. 
 

𝑃𝐿(935−940)𝑀𝐻𝑧𝑑𝐵 = −8614.95 + 1160.58𝐴𝑇 −

57.23𝐴𝑇2 + 1.25𝐴𝑇3 − 1.01 × 10−2𝐴𝑇4           (1) 
 

𝑃𝐿(945−950)𝑑𝐵 = −87.25 + 5.86𝐴𝑇 + 0.97𝐴𝑇2 −

0.049𝐴𝑇3 + 6.27 × 10−4𝐴𝑇4                        (2) 
 

 

𝑃𝐿(950−955)𝑀𝐻𝑧𝑑𝐵 = −7631.79 + 10121.28𝐴𝑇 −

49.79𝐴𝑇2 + 1.07𝐴𝑇3 − 8.48 × 10−3𝐴𝑇4         (3)  
 

Figure 4(d-f) are the plots of UHF path loss (dB) against 

relative humidity (%) using power fitted regression analysis 

from which best regression coefficients were obtained. It 

was observed that UHF path loss increases with increase in 

relative humidity of the troposphere with coefficients of 

99.34, 109.21424 and 69.88878 and power factors of 

0.0757, 0.06205 and 0.146 at frequency band of (935-940) 

MHz, (945-950) MHz and (950-955) MHz respectively. 

The deduced models are as shown in equation 4, 5 and 6 for 

Etisalat, Glo and MTN networks. 
 

𝑃𝐿(935−940)𝑀𝐻𝑧𝑑𝐵 = 99.34𝑅𝐻0.0757                 (4) 
 

𝑃𝐿(945−950)𝑀𝐻𝑧𝑑𝐵 = 109.21424𝑅𝐻0.06205      (5) 
 

𝑃𝐿(950−955)𝑀𝐻𝑧𝑑𝐵 = 69.88878𝑅𝐻0.146           (6) 
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Moreover, figure 4(g-i) show the plots of UHF path loss 

(dB) against water vapor density of air (kg/m3) at the 

troposphere, observations show that UHF path loss 

increases with increasing water vapor density of air with 

coefficients of 140.896, 145.34 and 136.945 and similar 

power factors as the models deduced from relative 

humidity. Deduced models are shown in equation 7, 8 and 

9 for Etisalat, Glo and MTN networks. 
 

𝑃𝐿(935−940)𝑀𝐻𝑧𝑑𝐵 = 140.896𝑊𝑉𝐷0.0765         (7) 
 

𝑃𝐿(940−945)𝑀𝐻𝑧𝑑𝐵 = 145.34𝑊𝑉𝐷0.062           (8) 
 

𝑃𝐿(950−955)𝑀𝐻𝑧𝑑𝐵 = 136.945𝑊𝑉𝐷0.146          (9) 

 

The significant effects of increase in UHF path loss due 

relative humidity and water vapor density of air is due to 

reflection, diffraction and scattering of UHF radio wave 

signal by these two climatic variables as it propagate the 

troposphere. Obviously, increase in relative humidity of air 

will lead to increase in water vapor density of air, the effects 

of water vapor is more significant than relative humidity as 

depicted by the coefficients in the path loss models deduced 

for the effects of water vapor density of air. Meanwhile, the 

results have shown that increase in air temperature has a 

contrary effects on UHF path loss compare to the other two 

climatic variables though the models deduced in this 

scenario appear complex           (polynomial model) due to 

flexible nature of air temperature and been the controlling 

variable (figure 2). This flexible nature sometimes results 

in temperature inversion, phenomenon which when occurs 

provides a waveguide in air that enhances UHF signal 

safety propagation from the transmitter to the receiver 

within the troposphere. From the investigation, it is crystal 

clear that UHF path losses will be more significant in 

tropical rain forest region than temperate region. Hence, 

UHF transmission power can be increased to minimize 

losses and enhance reception in tropical rain regions.  
 

IV. CONCLUSION 
 

Conclusively, this paper has shown experimentally that 

increase in air temperature reduces UHF path loss in the 

troposphere. Meanwhile, increase in relative humidity and 

water vapor density of air have additional path loss effect 

on UHF propagation in the troposphere. 
 

 
4(a) ETISALAT (UHF) Path loss against Air Temperature. 

 
4(b) GLO (UHF) Path loss against Air Temperature 

  

 
4(c) MTN (UHF) Path loss against Air Temperature. 

 

 
4(d) ETISALAT (UHF) Path loss against Relative 

Humidity. 
 

4(e) GLO (UHF) Path loss against Relative Humidity. 



 

Copyright © 2018 IJECCE, All right reserved 

151 

International Journal of Electronics Communication and Computer Engineering 

Volume 9, Issue 5, ISSN (Online): 2249–071X 

 

 
4(f) MTN (UHF) Path loss against Relative Humidity. 

    

 
4 (g) ETISALAT (UHF) Path loss against Water Vapor 

Density. 
 

 
4(h) GLO(UHF) Path loss against Water Vapor Density. 

 

 
4(i) MTN (UHF) Path loss against Water Vapor density. 
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