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Abstract 

With the innovation of equipment and augmented needs of data on 

mobile networks it has been observed that a great amount of cell towers 

is constructed in metropolises and cities.  We studied human exposure 

to EM radiation from base stations in an area of West Bengal state in 

India. In this research, measurements have been executed at a fixed 

location near the cell tower of this place. Here we have compared 

measured power densities, electric fields and magnetic fields among 

every day of each month throughout the year.  At the moment 

atmospheric temperature, humidity, wind speed, pressure and 

precipitation were assessed for this exposure site near the base station. 

Results were given in terms of power density, electric field and magnetic 

field in relation to distinctive atmospheric factors. This paper illustrates 

an approach for the selection of measurement points in Metro city, 

urban, semi-urban and rural areas in order to evaluate amenableness 

with the restrictions for exposure to EMF. The amplitude of 

electromagnetic field exposure (EMF) is dependent on the various 

factors like antenna distance, base station tower heights, number of 

base station tower antennas, direction and different atmospheric 

parameters which are temperature, humidity, wind speed, pressure and 

precipitation. 
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1. INTRODUCTION 

Throughout the preceding era it is discovered that cell phone 

equipment has raised very quickly. Massive proportion of towers 

is to be mounted for the necessity of the communication need.  It 

is essential for human life of consuming wireless mobile 

communication networks as a component of it.  Now it is realized 

that the intensity of electromagnetic environment all over the 

world is enhanced so there is a constant existence of 

electromagnetic radiation in the atmosphere.  The unbelievable 

expansion in the utilization of cellular phone has resulted in 

incremental number of the Global System for Mobile 

communication (GSM) base stations being invented in extremely 

populated sector. As the utilization of mobile become expanded 

so the insertion of new base stations in the site of domiciles grows 

the public exposure to electromagnetic field. The domestic 

exposure occurs in authentic picture because of these established 

base stations in the domestic region. Since there will be the 

occupancy of EM field in all regions in the apartments for that 

reason individual human being from dwellings gathers subjected 

to EM field from cellular base station antennas. Normally, 

metropolitan areas have a massive inhabitant as a consequence 

cell size is diminished to enclose each and every part of the city.   

Hence there is a demand of enormous number of base stations.  

Considering the revelation of the practicable outcome of the EMF 

exposure from cellular base stations, distinct researches were 

conducted in the various divisions of EMF exposure assessment 

[1–5] and probable consequence of human exposure to EM fields 

from cellular base stations [6–10]. To evaluate the probable 

outcome of exposure to electromagnetic radiation from cellphone 

communications, researches have been executed in the 

surroundings of exposure field assessment [11–15] and probable 

consequence of human exposure to this kind of fields. 

Atmospheric refractivity is the outcome of physical 

specification of air which are temperature, relative humidity, 

wind, pressure and precipitation.  The base transceiver station 

(BTS) which can produce high frequency wavelengths cannot 

propagate well across water.  Water can conduct electricity so 

radio waves are reflected by it. Also, the energy of radio signals 

is absorbed by water vapor, and converts into heat.  In a basic 

sense water acts as a barrier for this radio signal between the tower 

and cellular device. The scattered cell signal will be more if the 

water drops are larger and more in amount.  If there is a difference 

in air pressure between two points, then it will cause movement 

of air called wind. Atmospheric parameters especially 

temperature and wind are the predominant factors which affect 

cellular signal strength. In order to accomplish a good quality of 

service, wireless communication uses propagation of radio waves 

which re- quire a minimal variation in signal so that fading in 

receiver cannot happen. Recent studies show that the propagated 

radio signals undergo spatial and temporal changes because of 

fluctuations in the atmospheric conditions and environmental 

factors [16].  These variations occur in the troposphere because of 

refractivity changes in this region.  It is noticed that at the 

troposphere region, temperature decreases largely with altitude at 

a rate nearly 10 degrees Celsius per kilometer [17, 18]. Wind is 

observed in troposphere when there is a consequent change in the 

atmospheric pressure which results movement of air from a lower 

to a higher part and arise winds of several speeds.  Weather 

parameter measurements are taken for the improvement and up-

gradation of network to minimize dropped calls happening, access 

failures and for finding the amount of fading expected at a given 

period of time in this environment.  Radio waves are not directly 

affected by wind which affects the refraction (bending of the 

waves) capabilities of the medium so it leads to deviation in radio 

propagation. Refraction always exists in the atmosphere and 

therefore it is necessary to be considered for in radio propagation. 

The reason of calculating the EMF exposure is to shield the 

individuals from extreme EM radiation from base stations, and 

from its unfavorable health consequences. At the present time 

cities are handling great extent of electromagnetic exposure due 

to GSM technology for wireless communication. In this regard, 

cities tackle the maximum degree of electromagnetic exposure in 

terms of non-ionizing radiation due to the existence of 
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transmitters for mobile communication in congested regions.   For 

practical reference level evaluation in far field region, extent of 

resultant magnitudes like electric field intensity, magnetic field 

intensity, or power density are adequate to certify that the basic 

margins are fulfilled [19]-[23]. This paper gives a methodology to 

approximate the probable location of maximum exposure to EMF 

associated with a base station antenna in urban areas as well as 

suburban or rural areas, fulfilling a gap not included by cur- rent 

international standards, which adopt preference of points of 

investigation, without comprising how to find locations of 

maximum exposure. 

2. METHODOLOGY 

We calculated the intensity of EM field and power density 

around portions close to the base station antennas situated at a 

fixed location throughout everyday of each month of a year. In 

our research, base station towers are fixed over the ground and 

average numbers of antennas on the towers were around 16 to 20.  

The average distance between base station antenna tower and our 

measuring point was approximate 18 m where maximum 

radiation will be observed. Seeing the typical height of the Indian 

people the EM field exposure was assessed at height 1.5 m by 

means of a three-axis electromagnetic field meter model KM-195 

by KUSAM-MECO brand. The meter is a broadband device for 

observing high frequency radiation in the range from 50 MHz to 

3.5 GHz which cover up complete frequency band worked for 

cellular mobile communication.  Beside this measurement we 

have also measured the atmospheric temperature, humidity, wind 

speed, pressure and precipitation so that we have linked how these 

will be manipulating this EM radiation from base station antenna. 

Electric field was measured in V/m, magnetic field in mA/m and 

power density in μW/m2. 

3. RESULTS AND DISCUSSION 

From Fig.1 to Fig.12, we obtained the results of power density 

in micro watts per square meter (μW/m2) and electric field in mili 

volt per meter (mV/m) and magnetic field in mili ampere per 

meter (mA/m) for the base station antenna throughout everyday 

of each month of a single year. It is observed that radiation is very 

high in the month of March and April when temperature is very 

high and humidity is low and wind speed becomes high. 

Similarly, radiation is very low in the month of july when 

precipitation becomes high and also pressure is high. All the 

maximum values measured are below the ICNIRP limit. 

The Fig.13 to Fig.15 show the maximum power density, 

electric field intensity and magnetic field intensity for this BTS 

and the same result is found in case of temperature, humidity, 

wind speed, pressure and precipitation variations. 

The Fig.16 and Fig.17 depict the variation of power density, 

electric field and magnetic field when temperature is high and 

temperature is low respectively. It is seen that radiations become 

little high when temperature is high and radiation become little 

low when temperature is low.  

 

 

Fig.1. EMR exposure of base station antenna for the January 

month 

 

Fig.2. EMR exposure of base station antenna for the February 

month 

 

Fig.3. EMR exposure of base station antenna for the March 

month 

 

Fig.4. EMR exposure of base station antenna for the April month 
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Fig.5. EMR exposure of base station antenna for the May month 

 

Fig.6. EMR exposure of base station antenna for the June month 

 

Fig.7. EMR exposure of base station antenna for the July month 

 

Fig.8. EMR exposure of base station antenna for the August 

month 

 

Fig.9. EMR exposure of base station antenna for the September 

month 

 

Fig.10. EMR exposure of base station antenna for the October 

month. 

 

Fig.11. EMR exposure of base station antenna for the November 

month 

 

Fig.12. EMR exposure of base station antenna for the December 

month 
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Fig.13. EMR exposure of base station antenna for the highest 

value of power density 

 

Fig.14. EMR exposure of base station antenna for the highest 

value of electric field 

 

Fig.15. EMR exposure of base station antenna for the highest 

value of magnetic field 

 

Fig.16. EMR exposure of base station antenna when temperature 

is high 

 

Fig.17. EMR exposure of base station antenna when temperature 

is low 

 

Fig.18. EMR exposure of base station antenna when humidity is 

high 

 

Fig.19. EMR exposure of base station antenna when humidity is 

low 

 

Fig.20. EMR exposure of base station antenna when wind speed 

is high. 
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Fig.21. EMR exposure of base station antenna when wind speed 

is low 

 

Fig.22. EMR exposure of base station antenna when pressure is 

high 

 

Fig.23. EMR exposure of base station antenna when pressure is 

low 

The Fig.18 and Fig.19 represent the variation of power 

density, electric field and magnetic field when humidity is high 

and humidity is low respectively. It is seen that radiation become 

low when humidity is high and radiation become high when 

humidity is low. Fig.20 and Fig.21 show the variation of power 

density, electric field and magnetic field when wind speed is high 

and wind speed is low respectively. It is seen that radiation 

become high when wind speed is high and radiation become low 

when wind speed is low. Fig.22 and Fig.23 indicate the variation 

of power density, electric field and magnetic field when pressure 

is high and pressure is low respectively. It is seen that radiation 

become low when pressure is high and radiation become high 

when pressure is low. Fig.24 and Fig.25 demonstrate the variation 

of power density, electric field and magnetic field when 

precipitation is high and precipitation is low respectively. It is 

seen that radiation become low when precipitation is high and 

radiation become high when precipitation is low. It was found that 

power densities varied both in space and time. There were large 

differences between the maximum and the minimum values at 

every base station antenna. In most of the cases the measured field 

exposure is well below the reference level. 

 

Fig.24. EMR exposure of base station antenna when 

precipitation is high 

 

Fig.25. EMR exposure of base station antenna when 

precipitation is low 

4. CONCLUSION 

From this paper we come to an end that atmospheric 

parameters like temperature, humidity, wind speed, pressure and 

precipitation greatly influence this EM exposure. It is also found 

that there is more power density, electric field and magnetic field 

intensity when temperature is high, humidity and wind speed are 

low and there is less power density, electric field and magnetic 

field intensity when precipitation is high and pressure is low. 

Finally, it is seen that by the increase of temperature this EM 

radiation is increased and by the increase of humidity this EM 

radiation is decreased but not as a great extent.  But it is found that 

by the increase of pressure this EM radiation is decreased and by 

the increase of precipitation this EM radiation is decreased as a 

great amount. So we can conclude that the pressure and 

precipitation play major role to control this EM exposure level 

and on the other hand the temperature, humidity and wind speed 

play medium role to control this EM exposure level. 

REFERENCES 

[1] Bernardi Paolo, Cavagnaro Marta, Pisa Stefano and Piuzzi 

Emanuele, “Human Exposure to Radio Base-Station 



KOUSIK ROY et al.: ATMOSPHERIC EFFECTS ON ELECTROMAGNETIC RADIATION EXPOSURES FROM BASE STATION ANTENNA THROUGHOUT A SINGLE YEAR – A 

CASE STUDY 

2682 

Antennas in Urban Environment”, IEEE Transactions on 

Microwave Theory and Techniques, Vol. 48, No. 11, pp. 

1996-2002, 2000. 

[2] Bernardi Paolo, Cavagnaro Marta, Cicchetti Renato, Pisa 

Stefano, Piuzzi, and Testa Orlandino, “A UTD/FDTD 

Investigation on Procedures to Assess Compliance of 

Cellular Base-Station Antennas with Human-Exposure 

Limits in a Realistic Urban Environment”, IEEE 

Transactions on Microwave Theory and Techniques, Vol. 

51, No. 12, pp. 2409-2417, 2003. 

[3] P. Bechet, S. Miclaus and A.C. Bechet, “Improving the 

Accuracy of Exposure Assessment to Stochastic-Like Radio 

Frequency Signals”, IEEE Transactions on Electromagnetic 

Compatibility, Vol. 54, No. 5, pp. 1169-1177, 2012. 

[4] P. Bechet and S. Miclaus, “Animproved Procedure to 

Accurately Assess the Variability of the Exposure to 

Electromagnetic Radiation Emitted by GSM Base Station 

Antennas”, Measurement Science and Technology, Vol. 24, 

No. 1, pp. 1-15, 2013. 

[5] J. Beekhuizen and A. Huss, “Geospatial Modelling of 

Electromagnetic Fields from Mobile Phone Base Stations”, 

Science of the Total Environment, Vol. 445-446, pp. 202-

209, 2013. 

[6] J. Cooper, B. Marx and V. Hombach, “Determination of 

Safety Distance Limits for a Human Near a Cellular Base 

Station Antenna, Adopting the IEEE Standard or ICNIRP 

Guidelines”, Bioelectromagnetics, Vol. 23, No. 6, pp. 429-

443, 2002. 

[7] Catarinucci Luca, Palazzari Paolo and Tarricone Luciano, 

“Human Exposure to the Near Field of Radio Base Antennas 

- A Full-Wave Solution Using Parallel FDTD”, IEEE 

Transactions on Microwave Theory and Techniques, Vol. 

51, No. 3, pp. 935-940, 2003. 

[8] Cicchetti Renato and Faraone Antonio, “Estimation of the 

Peak Power Density in the Vicinity of Cellular and Radio 

Base Station Antennas”, IEEE Transactions on 

Electromagnetic Compatibility, Vol. 46, No. 2, pp. 275-290, 

2004. 

[9] Faraone Antonio, Tay Yew-Siow, Joyner and Balzano 

Quirino, “Estimation of the Average Power Density in the 

Vicinity of Cellular Base-Station Collinear Array 

Antennas”, IEEE Transactions on Vehicular Technology, 

Vol. 49, No. 3, pp. 984-996, 2000. 

[10] W. Joseph and L. Martens, “Comparison of Safety Distances 

based on the Electromagnetic Field and based on the SAR 

for Occupational Exposure of a 900 MHz Base Station 

Antenna”, IEEE Transactions on Electromagnetic 

Compatibility, Vol. 47, No. 4, pp. 977-985, 2005. 

[11] J.T. Rowley and K.H. Joyner, “Comparative International 

Analysis of Radiofrequency Exposure Surveys of Mobile 

Communication Radio Base Stations”, Journal of Exposure 

Science and Environmental Epidemiology, Vol. 22, No. 3, 

pp. 304-315, 2012. 

[12] B.C. Kim, H.D. Choi and S.O. Park, “Methods of Evaluating 

Human Exposure to Electromagnetic Fields Radiated from 

Operating Base Stations in Korea”, Bioelectromagnetics, 

Vol. 29, No. 7, pp. 579-582, 2008. 

[13] Kim Byung Chan and Park Seong-Ook, “Evaluation of RF 

Electromagnetic Field Exposure Levels from Cellular Base 

Stations in Korea”, Bioelectromagnetics, Vol. 31, pp. 495-

498, 2010. 

[14] B.C. Kim, J. Yun and S. Park, “Uncertainty Estimation for 

Evaluating Human Exposure Levels to RF Electromagnetic 

Fields from Cellular Base Stations”, IEEE Transactions on 

Electromagnetic Compatibility, Vol. 54, No. 2, pp. 246-253, 

2012. 

[15] A. Linhares, M.A.B. Terada and A.J.M. Soares, “Estimating 

the Location of Maximum Exposure to Electromagnetic 

Fields Associated with a Radio Communication Station”, 

Journal of Microwaves, Optoelectronics and 

Electromagnetic Applications, Vol. 12, No. 1, pp. 141-157, 

2013. 

[16] S.D. Gunashekar, D.R. Siddle and E.M. Warrington, “Trans 

Horizon Radio Wave Propagation due to Evaporation 

Ducting - The Effect of Tropospheric Weather Conditions 

on VHF and UHF Radio Paths Over the Sea”, Resonance 

Journal of Science Education, Vol. 11, No. 1, pp. 51-62, 

2006. 

[17] A. Peyman, M. Khalid, C. Calderon, D. Addison, T. Mee 

and M. Maslanyj, “Assessment of Exposure to 

Electromagnetic Fields from Wireless Computer Networks 

(Wi-Fi) in Schools; Results of Laboratory Measurements”, 

Health Physics, Vol. 100, No. 6, pp. 594-612, 2011. 

[18] D.A. Shalangwa, “Measurement of Exposure of Radio 

Frequency Field Radiation from GSM Masts”, Journal of 

Electrical and Electronics Engineering Research, Vol. 2, 

No. 3, pp. 75-84, 2010. 

[19] H.S. Saeid, “Theoretical Estimation of Power Density 

Levels Around Mobile Telephone Base Stations”, Journal of 

Science and Technology, Vol. 13, No. 2, pp. 3-17, 2008. 

[20] C. Oliveira, D. Sebastiao, G. Carpinteiro, L.M. Correia, C.A. 

Fernandes, A. Serralha and N. Marques, “The monIT 

Project: Electromagnetic Radiation Exposure Assessment in 

Mobile Communications”, IEEE Antennas Propagation 

Magazine, Vol. 49, pp 44-53, 2007. 

[21] W. Joseph and L. Verloock, “Influence of Mobile Phone 

Traffic on Base Station Exposure of the General Public”, 

Health Physics, Vol. 99, pp 631-638, 2010. 

[22] E.E. Godfrey, “A Model for Assessing Base Stations for 

Compliance with Safety Limits for Human Exposure to 

Electromagnetic Fields (EMFs) in Nigeria”, International 

Journal of Engineering Research and Technology, Vol. 4, 

No. 6, pp 791-798, 2015. 

[23] Richa Chitranshi and Prakash Pancholi “Analysis of Cell 

Tower Radiations and Practical Realization of Compliance 

Distance”, International Journal of Scientific and Research 

Publications, Vol. 3, No. 5, pp 12-18, 2013.

 


