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Abstract 

 

The dependency of mobile network operators on the troposphere for signal transmission without 

pre-evaluation and characterization of the region where the signals are transmitted. This research 

investigates the effects of weather variables (relative humidity, windspeed, rainfall and 

temperature) on call setup for four mobile networks (MTN, Airtel, Globacom and 9mobile) in 

Calabar, Nigeria. Six years data of weather variables collected from the Nigerian Meteorological 

Agency (NIMET), Calabar and six years Call Setup Success Rate (CSSR) data obtained from the 

telecommunications regulatory body, Nigerian Communication Commission (NCC), was used 

for this study, both spanning from January 2015 to December 2020. From the collected data, 

graphs were plotted and, in each case, the CSSR was the dependent variable while the 

tropospheric variables were the independent variables. Also, regression models were obtained to 

forecast the CSSR of each network, provided the tropospheric variable at each given period is 

known. Finally, the variables were correlated to give a picture of how each tropospheric variable 

related to the CSSR of the networks. For MTN network, a low negative correlation was obtained 

for temperature and relative humidity, a low positive correlation was obtained for rainfall while 

an increase in windspeed led to a corresponding decrease in CSSR. For Airtel network, a 

moderately positive correlation exist between CSSR and windspeed/rainfall while low positive 

relationship existed for temperature. However, an increase in relative humidity led to more 

successful call setup. For Globacom network an increase in relative humidity, windspeed, and 

temperature moderately led to a decrease in the number of successful call setup while rainfall 

had a very low effect on call setup. Finally, for 9mobile network, an increase in temperature led 

to a moderate increase in call setup. Relative humidity and windspeed had a negligible effect on 

call setup while a moderately negative relationship existed between rainfall and call setup. This 

result will be very useful to mobile network planners and the network operators.  

 

1. Introduction 

 

A call setup is an exchange of signaling information in the call process that leads to 

Traffic Channel (TCH) seizure [1]. In telecommunications, a call setup is evaluated using the 

Call Setup Success Rate (CSSR) which is the number of unblocked call attempts to the number 

of seizures resulting in a successfully established call [2]. CSSR depicts the percentage of 
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attempts to initiate a call that results in a connection to the dialed number [3]. It is measured in 

percentage and given a threshold level of 98% by the Nigerian Communication Commission 

(NCC) [4][5].  

 

A successful call setup consists of an immediate assignment procedure and an assignment 

procedure. The former is used in creating a signaling connection between the Mobile Station 

(MS) and the network while the latter is used to occupy a speech channel [6]. High CSSR depicts 

better cell performance and is obtainable when Traffic Channel (TCH) allocation and Standalone 

Dedicated Control Channel (SDCCH) seizures are accessed to setup a call [7]. When there is a 

call setup failure, it means that the user’s request is not served due to problems on the resource 

allocation of a signaling channel in which the negotiation for the actual traffic is performed [8]. 

A major cause of call setup failure or poor CSSR is low signal strength [3] which is sometimes 

caused by weather and this is one major reason for constant optimization [9]. 

 

The cellular network comprises of a Mobile Station (MS) that connects to the Base Transceiver 

Station (BTS) via air interface [10]. In addition to other hardware, BTS contains the equipment 

called Transceiver (TRX), which is responsible for the transmission and reception of several 

radio frequency (RF) signals to and fro the end user [11][12]. There are three main components 

that are required to setup a communication system; the transmitter, the receiver and the channel 

between the two. The signal which passes through this channel crosses the tropospheric layer of 

atmosphere of earth [13]. In this region, signals, usually transmitted as radio waves [14][15], are 

affected by varying conditions during propagation and when a radio wave is interrupted by bad 

weather, signal quality reduces and this can cause signal losses [16][17][18][19]. 
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Studies shows that when signals are transmitted, they interact with tropospheric variables like 

rain fall, wind speed, relative humidity, temperature, sand and dust storms [20-25]. When the 

transmitted signals interact with the tropospheric variables, the signals undergo absorption, 

interference, refraction, scattering, reflection, fading and attenuation [8][26-32]. This introduces 

distortions to terrestrial communication systems [33], causing transmission error and affecting 

signal quality [34-35]. 

 

In Nigeria, network operators rely on transmitting signals through the troposphere without pre-

evaluation and characterization of the troposphere and this is the reason for poor QoS [23]. To 

describe the reliability of networks, one needs to know which weather parameters affect the 

propagation of signal and the changing weather conditions, which may cause severe degradation 

in system performance [36]. To forecast, simulate, and design high performance communication 

systems, exact transmission characteristics of radio waves in various environments have to be 

known [22]. Mobile network providers need planning and optimization of their networks. They 

need to find a compromise between radio coverage in different environments, the QoS and the 

operation of the network [34].  

 

The QoS of a mobile network can be improved by eliminating the factors that affect KPIs 

performance both from external and internal sources [37], accurate prediction of radio frequency 

signal coverage in a terrain is required [38].  
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Several researchers have investigated technical factors affecting poor QoS [39][40]. These has 

led to the frequent expansion of their base stations and capacities but the problem of poor call 

qualities persists [41]. To the best of our knowledge, no researcher has studied the impact of 

weather on CSSR. Bearing in mind that weather parameters affect signals and one of the causes 

of poor CSSR is low signal strength, we may assume that weather affects CSSR, hence, this 

research. The crucial part of this research is to detect the dependencies of CSSR on rainfall, wind 

speed, temperature and relative humidity.  

 

2. METHODOLOGY 

 

This work investigates how relative humidity, wind, rainfall and temperature affects call setup in 

mobile networks. Four mobile networks are investigated in this study. They are MTN network, 

9mobile network, Glo network and Airtel network. The research is carried out in the city of 

Calabar, Nigeria. 72 months radiosonde data for Calabar, obtained from the Nigerian 

Meteorological Agency (NIMET), Calabar, is used for this study. These data contain monthly 

data of relative humidity, wind speed, rainfall and temperature, spanning from January 2015 to 

December 2020. 

 

Furthermore, 72 months data of CSSR was obtained from the Nigerian Communication 

Commission. These data spans from January 2015 to December 2020. The CSSR data are 

obtained during busy hours across base stations in Calabar. Whenever there is signal 

transmission, CSSR are measured through sophisticated counters embedded in the base station of 

mobile networks in Calabar. 
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The obtained tropospheric and CSSR data is then subjected to statistical analyses to obtain a 

relationship between both variables. A correlation analysis is done to obtain the degree of 

relationship between the variables investigated while a regression analysis was done to establish 

a relationship between the variables investigated, as well as to enable us predict and forecast 

when to expect call setup success or not. 

 

3. RESULTS AND DISCUSSION 

 

This section in divided into four parts. We shall first analyze the effect of relative humidity on 

call setup for the four networks, followed by the effect of wind speed, rainfall on finally, 

temperature. 

3.1 Effects of Relative Humidity on Call Setup 

 
In this part, figure 1 shows a graph of CSSR against relative humidity, plotted for MTN network. 

A weak negative correlation value of – 0.07 was obtained. A regression model to predict possible 

call setup was obtained as C = - 0.01R + 100.13 for MTN users. A graph of CSSR against 

relative humidity for Airtel network was revealed in figure 2. A strong positive correlation value 

of 0.82 was developed with a regression model C = 0.05R + 94.70 for Airtel users to forecast 

when it is accurate to make calls. Figure 3 sets forth a graph of CSSR against rainfall for 

Globacom network. A regression equation, C = - 0.09R + 105.75 and a moderately negative 

correlation value, - 0.34 were obtained. A graph of CSSR against relative humidity for 9mobile 

network is presented in Figure 4, with weak correlation value of – 0.14 and regression equation 

of C = – 0.01R + 100.29. In each regression model developed, C depicts CSSR while R stands 

for relative humidity. Therefore, at a known value of relative humidity, it is possible to predict 

the probability of having a successful call setup. 
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                Figure 1: Graph of CSSR against Relative Humidity for MTN Network 
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                  Figure 2: Graph of CSSR against Relative Humidity for Airtel Network 
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               Figure 3: Graph of CSSR against Relative Humidity for Globacom Network 
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               Figure 4: Graph of CSSR against Relative Humidity for 9Mobile Network 
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3.2 Effects of Wind Speed on Call Setup 

In this section, figure 5 to 8 flaunt graphs of CSSR against windspeed for MTN, Airtel, 

Globacom and 9mobile network respectively. For MTN network, a high negative correlation of – 

0.95 was obtained with regression equation C = - 0.03W + 101.28.  A regression model C = 

0.01W + 98.68 and a moderately positive correlation value of 0.33 was obtained for Airtel 

network. For Globacom network, a moderately negative correlation of – 0.69 was obtained with 

a derived regression equation C = - 0.06W + 101.54. For 9mobile network, a regression model C 

= 0.01W + 99.09 along with a weak correlation value of 0.22 was obtained. In each case, C 

represents CSSR while W represents the windspeed. 

 

                   Figure 5: Graph of CSSR against Wind Speed for MTN Network 
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                      Figure 6: Graph of CSSR against Wind Speed for Airtel Network  

      

                   Figure 7: Graph of CSSR against Wind Speed for Globacom Network 
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                   Figure 8: Graph of CSSR against Wind Speed for 9Mobile Network 

3.3 Effects of Rainfall on Call Setup 

Here, figure 9 to 12 present graphs of CSSR against rainfall for MTN, Airtel, Globacom and 

9mobile network respectively. A weak positive correlation of 0.10, a moderately positive 

correlation of 0.49, a weak positive correlation of 0.16 and a moderately negative correlation of – 

0.32 was obtained for MTN, Airtel, Globacom and 9mobile network, respectively. Furthermore, 

regression models were obtained for the four networks: C = 5.12RF + 99.41 for MTN network, C 

= 0.01RF + 98.66 for Airtel network, C = 0.01RF + 98.02 for Globacom network and C = 

0.01RF + 99.69 for 9mobile network. Again, C represents CSSR while RF represents rainfall.  
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                   Figure 9: Graph of CSSR against Rainfall for MTN Network 
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                       Figure 10: Graph of CSSR against Rainfall for Airtel Network 
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                   Figure 11: Graph of CSSR against Rainfall for Globacom Network 
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                    Figure 12: Graph of CSSR against Rainfall for 9Mobile Network 

3.4 Effects of Temperature on Call Setup 

Lastly, figures 13 to 16 unveil graphs of CSSR against temperature for the four networks under 

study. A low negative correlation value of – 0.10 was obtained for MTN network, a low positive 

correlation value of 0.14 was realized for Airtel network, a moderately negative correlation value 

of – 0.38 was obtained for Globacom network and a moderately positive correlation of 0.51 was 

obtained for 9mobile network. Again, regression equations C = - 0.02T + 100.14, C = 0.02T + 

98.49, C = - 0.18T + 104.26 and C = 0.07T + 97.02 were obtained for MTN, Airtel, Globacom 

and 9mobile networks. Here, C stands for CSSR while T represents temperature. 

200 210 220 230 240 250 260 270 280 290

99.15

99.20

99.25

99.30

99.35

99.40

99.45

99.50

99.55

C
S

S
R

 (
%

)

Rainfall (mm)

 B

 Linear Fit of Data1_B



 

17 
 

 

 

                  Figure 13: Graph of CSSR against Temperature for MTN Network 
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                   Figure 14: Graph of CSSR against Temperature for Airtel Network 
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               Figure 15: Graph of CSSR against Temperature for Globacom Network 
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                Figure 16: Graph of CSSR against Temperature for Graph Network 

Conclusion 

The influence of relative humidity, windspeed, rainfall and temperature on call setup for four 

mobile networks operating in Calabar have been studied. The call setup of the four networks 

under study varied with tropospheric variables in an irregular pattern. Results showed an 

irregular pattern, but on the average, we can conclude that weather variables have low 

significance on CSSR. 

COMPETING INTERESTS DISCLAIMER: 

 

Authors have declared that no competing interests exist. The products used for this 

research are commonly and predominantly use products in our area of research and 

country. There is absolutely no conflict of interest between the authors and producers of 

the products because we do not intend to use these products as an avenue for any litigation 

31.0 31.5 32.0 32.5 33.0 33.5

99.15

99.20

99.25

99.30

99.35

99.40

99.45

99.50

99.55

C
S

S
R

 (
%

)

Temperature(
0
C)

 B

 Linear Fit of Data1_B



 

21 
 

but for the advancement of knowledge. Also, the research was not funded by the producing 

company rather it was funded by personal efforts of the authors. 

 

REFERENCES 

 

[1] Ekah UJ, Emeruwa C. Guaging of key performance indicators for 2G mobile networks in 

  Calabar, Nigeria. World Journal of Advanced Research and Reviews. 2021; 12(2): 157-

 163. 

[2] Kiyea, C. (2014). Performance Analysis of Quality of Service of GSM/CDMA Mobile 

Networks in Zaria. International Journal of Science and Research, 3(10): 1247-1253. 

[3] Sireesha, B. V., Varadarajan, S., Vivek and Naresh (2011). Increasing of Call Success Rate in 

GSM Service Area using RF Optimization. International Journal of Engineering 

Research and Applications, 1 (4): 1479-1485. 

[4] Ekah UJ, Emeruwa C. A comparative assessment of GSM and UMTS Networks. World 

Journal of Advanced Research and Reviews. 2022; 13(1): 187-196. 

[5] Ekah UJ and Iloke J. (2022). Performance Evaluation of Key Performance Indicators for 

 UMTS Networks in Calabar, Nigeria. GSC Advanced Research and Reviews, 10(1): 47-

 52. 

[6] Kollar, M. (2008). Evaluation of real call setup success rate in GSM. Acta Electrotechnicaet 

Informatica, 8(3): 53-56. 

[7] Ozovehe, A. and Usman A. U. (2015). Performance analysis of GSM networks in Minna 

metropolis of Nigeria. Nigerian Journal of Technology, 34(2): 359-367. 

[8] Ekejiuba, C. O., Adebayo, A. A. and Adeoye, O. S. (2015). Assessment of GSM Network 

Failures, Quality of Service Evaluation and its Impacts on E-Learning. International 

Journal of Scientific and Applied Science, 1(5): 119-123. 



 

22 
 

[9] Eli-Chukwu, N. C. and Onoh, G. N. (2019). Experimental Study of the Impact of Weather 

Conditions on Wide Code Division Multiple Access signals in Nigeria. Engineering, 

Technology and Applied Science Research, 9(2): 3998-4001. 

[10] Tekanyi AMS, Abdulkareem HA, Muhammad ZZ. Analysis of GSM network quality of 

 service using call setup failure rate and handover failure rate indices. 

Telecommunications  and radio engineering. 2019; 78(16): 1471-1481.  

[11] Eli-Chukwu, N. C. & Onoh, G. N. (2017). Improving service accessibility (CSSR) in GSM 

network using an intelligent based approach. International Journal of Computer 

Engineering in Research Trends, 4 (11), 478-486. 

[12] Halonen T., Romero J., Melero J.: GSM, GPRS, and EDGE Performance. John Wiley & 

Sons Ltd, 2003. 

[13] Choudhary S, Sharma A, Srivastava K (2021) Modeling and Optimization of Mobile Signal  

Strength in challenging Atmospheric Conditions, Research Square 1-32. 

[14] Obi, E., Ekah, U. & Ewona I. (2021). Real-time assessment of cellular network signal 

strengths in Calabar. International Journal of Engineering Sciences & Research 

Technology, 10(Issue.7), 47-57. 

[15] Iloke J, Utoda R and Ekah U. (2018). Evaluation of Radio Wave Propagation through 

Foliage  in Parts of Calabar, Nigeria. International Journal of Scientific & Engineering 

Research,  9(11), 244-249. 

[16] Yeeken, O. O. and Michael, O. K. (2011). Signal strength dependence on atmospheric 

particulates. International Journal of Electronics and Communication Engineering, 4(3): 

283-286. 



 

23 
 

[17] Meng, Y. S., Lee, Y. H. and Ng, B. C. (2013). The effects of tropical weather on radio wave 

propagation over foliage channel. IEEE Transaction on Vehicular Technology, 58(8): 

4023-4030. 

[18] Mat, R., Hazmin, S. N., Umar, R., Ahmad, S., Zafar, S N A S and Marhamah, M. S. (Editors) 

(2018). The Modelling of Tropical Weather Effects on Ultra-High Frequency (UHF) 

Radio Signals Using SmartPLS. International Fundamentum Sciences Symposium held at 

Terengganu from 25th – 26th June 2018, 440p. 

[19] Wayne, T. (2001). Electronic Communications Systems: Fundamentals through Advanced. 

4th Edition. Prentice-Hall Publishers, New Jersey, 947p 

[20] Sharma, A. and Jan, P. (2010). Effects of rain on radio propagation in GSM. International 

Journal of Advanced Engineering and Applications, 2(1): 13-16. 

[21] Shalangwa, D. A., Abdulrazak, A. and Jerome, G. (2009). Influence of atmospheric 

parameters on Global System for Mobile Communication (GSM) outgoing calls quality 

in Mubi, Adamawa State, Nigeria. Journal of Mobile Communications, 3: 56-58. 

[22] Suleman K. O., Bello, I. T., Tijani L. O., Ogunbode A. O. and Olayiwola, W. A (2017). 

Effect of temperature and ground water on VHF radio wave propagation in tropical 

climate. International Journal of Scientific and Engineering Research, 8(2): 1391-1396. 

[23] Segun, A. A., Olusoge, A. M. and Kofoworola, A. H. (2015). Influence of Air Temperature, 

Relative Humidity and Atmospheric Moisture on UHF Radio Propagation in South 

Western Nigeria. International Journal of Science and Research, 4(8): 588-592. 

[24] Dajab, D. D. (2006). Perspectives on the effects of harmattan on radio frequency waves. 

Journal of Applied Sciences Research, 2: 1014-1018. 



 

24 
 

[25] Abuhdima, E. M. and Saleh, M. I. (Editors) (2010). Effect of sand and dust storms on GSM 

coverage signal in southern Libya. International Conference on Electronic Devices, 

Systems and Applications, Kuala Lumpur, Malaysia, 268p. 

[26] Maiti, M., Ajay, K. D. And Karmakar, P. K. (2009). Effect of climatological parameters on 

propagation delay through the atmosphere. The Pacific Journal of Science and 

Technology, 10 (2): 14- 20. 

[27] Mendes, V. B., Collins, P. and Langley, R. B. (Editors) (1995). The effects of propagation 

delay errors in airborne GPS precision positioning. 8th International Technical meeting 

of the Satellite Division of the Institute of Navigation held at Palm Springs from 12th-

15th September 1995, 1689p. 

[28] Umar, R., Sulan, S. S., Azlan, A. W., Ibrahim, Z. A., Mokhtar, W. Z. A. W. and Sabri, N. H. 

(2015). Radio frequency interference. The study of rain effect on radio signal attenuation. 

Malaysian Journal of Analytical Sciences, 19(5): 1093-1098. 

[29] Osahenvenwem, O.A. and Omatahunde, B.E. (2018). Impacts of Weather and 

Environmental Conditions on Mobile Communication Signal. Journal of Advances in 

Science and Engineering, 1(1): 33-38. 

[30] Onuu, M. U. and Adeosin, A. (2008). Investigation of propagation characteristics of UHF 

waves in AkwaIbom State, Nigeria. Indian Journal of Radio and Space Physics, 37:197-

203. 

[31] Ewona I and Ekah U. (2021). Influence of Tropospheric Variables on Signal Strengths of 

Mobile Networks in Calabar, Nigeria. Journal of Scientific and Engineering Research, 

8(9), 137-145. 



 

25 
 

[32] Akpan CS and Onuu MU. (2021). Design and Construction of a weather instrument and its 

use in measurements to determine the effects of some weather parameters on GSM Signal 

strength. Advances in Applied Sciences, 6(4): 142-154. 

[33] Eyo, O. E., Menkiti, A. I. and Udo, S. O. (2003). Microwave Signal attenuation in 

harmattan weather along Calabar-Akampa line-of-sight link. Turkish Journal of Physics, 

27:153-160. 

[34] Dohnalek, P., Dvorsky, M., Gajdos, P., Michaelek, L., Sebesta, R. and Voznak, M. (2014). 

A signal strength fluctuating prediction model based on the random forest algorithm. 

Electronika  IR Elektrotechnika, 20(5): 123-126. 

[35] Ekah UJ, Adeniran AO, Shogo OE. (2022). Spatial Distribution of Frequecncy Modulated 

Signals in Uyo, Nigeria. World Journal of Advanced Engineering Technology and 

Sciences, 5(1): 39-46. 

[36] Luomala, J. and Hakala, I. (2015). Effects of temperature and humidity on radio signal 

strength in outdoor wireless sensor networks. Proceedings of the Federated Conference 

on Computer Science and Information Systems, 5(4): 1247-1255. 

[37] Alam, M. A. (2013). Mobile Network Planning and Improvement. M.Sc dissertation, 

Linnaeus University, Sweden, 98p 

[38] Ogulezie, J. C., Onuu, M. U., Ushie, J. O. and Usibe, B. E. (2013). Propagation models for 

GSM 900 and 1800 MHz for Port Harcourt and Enugu, Nigeria. Network and 

Communication Technologies, 2(2): 1-10. 

[39] Emeruwa C, Ekah UJ. Pathloss model evaluation for long term evolution in Owerri. 

 International Journal of Innovative Science and Research Technology. Nov 2018; 3(11): 

 491-496.  



 

26 
 

[40] Emeruwa C, Ekah UJ. Investigation of the variability of signal strength of wireless services 

 in Umuahia, Eastern Nigeria. IOSR Journal of applied physics. June 2018; 10(3): 1-17.  

[41] Abdulkareem HA, Tekanyi AMS, Kassim AY, Muhammad ZZ, Almustapha MD, Abdu-

 Aguye UF, Adamu H. Analysis of a GSM network quality of service using call drop rate 

 and call setup success rate as performance indicators. Zaria journal of electrical 

engineering  technology. Mar 2020; 9(1): 113-21. 

 

 


