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Abstract – This paper presents the impact of electromagnetic wave scattering due to rain activities on Ku-band link 

over Jos, Nigeria. Data were measured at University of Jos, Plateau state, Nigeria with Maximum, Average and 

Minimum Temperatures of 29.80C, 22.80C and 170C respectively. The data were collected for the period of four months 

(June, July, August, and September, 2018). Both satellite signal and rain measurements were done simultaneously. 

Data collected were analyzed using Microsoft excel office and the effects of rain activities that causes electromagnetic 

wave scattering were estimated from the exceeded distribution Frequency of percentage time (%) obtained using ITU-

R P.1621 recommendation. The results obtained from this study revealed that high intensities of rainfall above 90 

mm/hr which prevail for a long period cause high electromagnetic scattering resulting to signal and power losses. 
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I. INTRODUCTION 

Satellite communication employs electromagnetic waves to carry information between ground and space 

elements. The frequency of an electromagnetic wave is the rate of reversal of its polarity in cycle per second, 

defined to be units of hertz (Hz). When an electromagnetic wave is sent out from an antenna, part of the radiated 

energy travels along or near the surface of the earth while the other part travels upward in space. The energy may 

reach the receiving antenna over any of the possible propagation modes: sky wave, space wave or ground wave 

(Bruce, 2008). This work focused on the space wave propagation with the aim of evaluating the influence of the 

interaction between propagated electromagnetic wave and rain within the atmosphere. 

When electromagnetic wave passes through a medium containing precipitations like rain, cloud, snow or dust 

particles, the signals get attenuated through two phenomena, Absorption of energy by these particles and 

Scattering of energy out of the beam (Rifigul et al., 2010). Electromagnetic wave suffer absorption and scattering 

by the atmosphere especially at higher frequencies above 10 GHz where the scattering effects become more severe 

(Dissanayake, 2002: Odedina, 2010). The knowledge of these characteristics is essential to design reliable 

communications system.  

Scattering is a physical process by which a particle in the path of an electromagnetic wave continuously 

obstructs energy from the incident wave and re-radiates that energy in all directions as shown in figure 1.  

Therefore, the particle may be thought of as a point source of the scattered energy. In the atmosphere, the particles 

responsible for scattering rangers from the sizes of gas molecules (~10-8 cm) to large raindrops and hail particles 

(~1 cm). The relative intensity of the scattering pattern depends strongly on the ratio of particle size to wavelength 

of the incident wave (Rifigul et al., 2010). 
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Fig. 1. Interference of signals with rain drop (Abdollah et al., 2012). 

The effects of scattering parameters in the atmosphere however poses implementation challenges that impair 

the availability and performance of satellite communication signals. Of all scattering parameters, rain, cloud and 

the thick fog remains the most deleterious, resulting in over 100 dB/km weakening coefficient (Willebrand and 

Ghuman, 2002). In this work, effect of rain parameter was examined which consequently limits the achievable 

link range to about 500 meters.  

Scattering results in the random fluctuation of the intensity of the optical radiation that is traversing the 

atmospheric channel (Andrews and Phillips, 2005). It is important to note that rain as one of the scattering 

parameter is identified to be the major cause of visual impairment at higher frequencies above 10 GHz and is the 

limiting factor in satellite communication, especially for tropical regions like Jos that experience heavy rainfall 

(Narayana et al., 2007). 

When an electromagnetic wave propagates through a medium comprising raindrop, part of its energy is 

absorbed by the raindrops and dissipated as heat, and the remainder is scattered in all directions. This scattered 

part introduces unwanted or interfering signals into the communication receiver that may mask the desired signal, 

thereby causing attenuation. Figure 1 show the scattering and the absorption effect of radio wave when it is 

incident on a rain-filled medium. At wavelengths long compared with the drop-size, absorption will be greater; 

while at shorter wavelengths, scattering will be predominant (Abdollah et al., 2012).  

 
Fig. 2. Interaction of an incident radio wave in a rain filled medium (Abdollah et al., 2012). 

Scattering Theory 

Scattering of electromagnetic waves by particles can be treated by two theoretical frameworks: Rayleigh 

scattering that is applicable to small, dielectric, non-absorbing spherical particles, and Mie scattering that provides 

a general solution to scattering independent of particle size.  
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i. Mie Scattering Theory 

Mie scattering theory provide a generalized approach, has no particle size limitations and converges to the limit 

of geometric optics at large particle sizes. Consequently Mie scattering theory can be used to describe most 

scattering by spherical particles (Fikih et al., 2011). In electromagnetic wave scattering problems, the total wave 

decomposes into the incident and scattered wave components. The Mie solution is obtained through an analytical 

solution of Maxwell’s equations for the scattering of electromagnetic radiation by spherical particles in terms of 

infinite series rather than a simple mathematical expression (Bloom et al., 2003). 

𝐸 = 𝐸𝑖𝑛𝑐 + 𝐸𝑠𝑐𝑎 (1) 

𝐻 =  𝐻𝑖𝑛𝑐 +  𝐻𝑠𝑐𝑎 (2) 

Maxwell’s wave equation is solved with respect to scattered electric field (Bloom et al., 2003) 

∇ × (
1

𝜇𝑟

∇ × 𝐸𝑠𝑐𝑎) − 𝑘0
2 (𝜀𝑟 − 𝑗

𝜎

𝜔𝜀0

) 𝐸𝑠𝑐𝑎 = 0 
 (3) 

the scattered magnetic field is calculated from Faraday’s law (Bloom et al., 2003). 

𝐻𝑠𝑐𝑎 = −
1

𝑗𝜔𝜇
∇ × 𝐸𝑠𝑐𝑎 

(4) 

The time-average Poynting vector for time-harmonic fields gives the energy flux (Bloom et al., 2003) 

𝜌 =  
1

2
𝑅𝑒[𝐸 × 𝐻], (

𝑤

𝑚2
) 

(5) 

For an incident plane wave, the magnetic field is related to the electric field by (Bloom et al., 2003) 

𝐻𝑖𝑛𝑐 =  
1

𝜂
Ǩ × 𝐸𝑖𝑛𝑐 

(6) 

where Ǩ is the direction of the incident wave propagation, η = (μ/ε)1/2 is the characteristic impedance, ε is 

permittivity and μ is permeability of ambient medium. Hence, incident energy flux is calculated as (Bloom et al., 

2003). 

𝜌𝑖𝑛𝑐 =
1

2𝜂
|𝐸𝑖𝑛𝑐|2Ǩ 

(7) 

Important physical quantities can be obtained from the scattered fields. One of these is the cross section, which 

can be defined as the net rate at which electromagnetic energy (W) crosses the surface of an imaginary sphere 

centered at the particle divided by the incident irradiation 𝜌𝑖𝑛𝑐 . To quantify the rate of the electromagnetic energy 

that is absorbed (Wabs) and scattered (Wsca) by the particle, the absorption (σabs), scattering (σsca) and extinction 

cross sections are defined as (Bloom et al., 2003). 

𝜎𝑎𝑏𝑠 =  
𝑊𝑎𝑏𝑠

𝜌𝑖𝑛𝑐

, 𝜎𝑠𝑐𝑎 =  
𝑊𝑠𝑐𝑎

𝜌𝑖𝑛𝑐

, 𝜎𝑒𝑥𝑡 = 𝜎𝑎𝑏𝑠 + 𝜎𝑠𝑐𝑎 (8) 

The total absorbed energy is derived by integrating the energy loss over the volume of the particle (Bloom et 

al., 2003). 
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𝑊𝑎𝑏𝑠 =  
1

2
∭ 𝑅𝑒[(𝜎𝐸 + 𝑗𝜔𝐷). 𝐸 + 𝑗𝜔𝐵]𝑑𝑣, [𝑤]

𝑉𝑝

 (9) 

The scattered energy is derived by integrating the Poynting vector over an imaginary sphere around the particle 

(Bloom et al., 2003) 

𝑊𝑠𝑐𝑎 =  ∯ 𝜌𝑠𝑐𝑎 . 𝑛𝑑𝑆 =
1

2
∯ 𝑅𝑒[𝐸𝑠𝑐𝑎 × 𝐻𝑠𝑐𝑎]. 𝑛𝑑𝑆, [𝑤]

𝑠𝑠

 (10) 

where n is unit vector normal to the imaginary surface S. Due to the particulate nature of electromagnetic waves 

they also carry momentum 𝜌/𝑐 and exert a force on the particle called radiation pressure which can be obtained 

by integrating the Maxwell stress tensor over the surface of the sphere (Bloom et al., 2003) 

𝜎𝑝𝑟 =  𝜎𝑒𝑥𝑡 − (𝑐𝑜𝑠𝜃)𝜎𝑠𝑐𝑎 , [𝑚2] (11) 

where σpr is the pressure cross-section, and (cos θ)  is the asymmetry parameter. The radiation pressure cross 

section can be used to calculate force which the particle experiences in the incident direction (Bloom et al., 2003) 

𝐹 =
1

𝑐
𝜎𝑝𝑟𝜌𝑖𝑛𝑐 , [𝑁] (12) 

ii. Rayleigh Scattering Theory 

Rayleigh scattering is strongly dependent upon the size of the particle and the wavelength of the illuminating 

radiation. The intensity of the Rayleigh scattered radiation increases rapidly as the ratio of particle size to 

wavelength increases and is identical in the forward and reverse directions (Panagopoulos, 2004). The Rayleigh 

scattering model breaks down when the particle size becomes larger than approximately 10% of the wavelength 

of the incident radiation at which point Mie theory must be applied. The assumption for Rayleigh approximation 

is that (ka < 1), meaning that the radius a of the particle is small compared with the wavelength. For a dielectric 

sphere that is small compared with wavelength, the field inside the particle is chosen to be the solution of the 

equivalent dielectric electrostatic problem (Capsoni and Amilo, 2007). In the Rayleigh approximation, the field 

inside the scattering particle is not modeled properly. For an exact solution the scattered field reflects all the 

properties of the object which is no longer true for an approximation solution (Cachorro, 2001). The extinction or 

total cross-section efficiency factors by Rayleigh approximation expressed as (Cachorro, 2001). 

𝜎𝑡 = 𝜎𝑠 + 𝜎𝑎 = [
8

3
𝜋𝑎2(𝑘𝑎)4 + 12𝜋𝑎2(𝑘𝑎)

𝜀′′

(𝜀′ − 1)2 + (𝜀′′)2
]|

𝜀 − 1

𝜀 + 2
|2 (13) 

Where a is the particle radius, k is the wavenumber (k =2π / λ), ε', ε'' are the real and imaginary contributions 

of the relative dielectric constant of the particles. 

II. MATERIALS AND METHODS 

Equipment was setup at University of Jos, Plateau state, Nigeria with Maximum, Average and Minimum 

Temperatures of 29.80C, 22.80C and 170C respectively. The data were collected for the period of four months 

(June, July, August and September 2018). Both satellite signal and rain measurements were done simultaneously 

as shown in figure 3. The measurement of rainfall rate was done using the Davis Vantage Vue weather station, 

which logs rain rate and other meteorological parameters at one-minute integration time. The down converted Ku-



 

 

Copyright © 2019 IJECCE, All right reserved 

122 

International Journal of Electronics Communication and Computer Engineering 

Volume 10, Issue 3, ISSN (Online): 2249–071X 
 

band signal was fed into the digital satellite meter and a spectrum analyzer for signal level analysis, logging and 

recording samples of viewed spectrum over finite periods of time on a computer system. The ITU-R P.1621 

recommendation was used to obtain the results. The instruments used were parabolic reflector antenna, Compass, 

Radio frequency power meter, Coaxial cable port connector, connecting cable (coaxial cable), Laptop and Rain 

gauge (Davis weather station). 

 
Fig. 3. Experimental set-up for measurement 

Table 1. Characteristics of the experimental site and specification of parameter for the Ku-band link. 

Measurement site Jos, plateau state (9.8960 N, 8.8580 E; 1192 meters) 

Max / Ave / Min Temperatures 29.80C / 22.80C / 170C 

Satellite Name/ Number Eutelsalat; W4/ W7 (DSTV Multi-choice) 

Satellite signal frequency 12,245GHZ 

Symbol rate 27, 509bps 

satellite elevation (orbital) 036E 

Satellite  Geo-station Lookup 037.3E 

Antenna diameter 90cm 

Rain Equipment / Integration time 
Davis Vantage Vue Integrated  Sensor Suite (ISS) 

weather station and Weather Link 

III. RESULTS AND DISCUSSION 

Table 2, 3, 4 and 5 presents the Calculation of rain rate frequency, cumulative frequency and CDF in Jos. The 

month of June have a highest rainfall rate of 140 mm/hr at 0.006% CDF, month of July have a highest rainfall rate 

of 140 mm/hr at 0.01, month of August have a highest rainfall rate of 160 mm/hr at 0.006% CDF and the month 

of September have a highest rainfall rate of 180 mm/hr at 0.006% CDF. This clearly shows that higher rainfall 

rate above 100 mm/hr account for 0.01 to 0.001% CDF where maximum losses due to scattering of the propagated 

signal by rain can be best estimated.  

Figure 4, 5, 6 and 7 presents the rainfall rate intensity in the month of June, July, August and September 2018 

respectively. It was observed that rainfall rate above 90 mm/hr which prevail for more than 15 minutes result to 

high electromagnetic scattering when compared with results obtained from the spectrum analyzer during the same 
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rainy period. These results were in agreement with the observation that rain rates above 80 mm/hr cause significant 

losses on electromagnetic wave propagation (Ajayi, 1993) this is due to preponderance of large raindrops that 

breakup into a distribution of very small drop-sizes causing severe interference to the transmitted signals. 

Table 2. Calculation of rain rate frequency, cumulative frequency and exceeded percentage of time in Jos (June 2018). 

Rain Rate (mm/hr) Frequency 
Cumulative 

Frequency 

Exceeded Distribution Freq. of 

Percentage time (%) 

    

2 2002 3892 9.009 

4 923 1890 4.375 

6 319 967 2.238 

8 137 648 1.500 

10 79 511 1.182 

20 192 432 1.000 

30 81 240 0.555 

40 53 159 0.368 

60 69 106 0.245 

80 25 37 0.085 

100 5 12 0.027 

120 4 7 0.016 

140 3 3 0.006 

Table 3. Calculation of rain rate frequency, cumulative frequency and exceeded percentage of time in Jos (July 2018). 

Rain Rate (mm/hr) Frequency Cumulative Frequency 
Exceeded Distribution Freq. 

of Percentage time (%) 

    

2 2766 6113 13.693 

4 1660 3347 7.497 

6 620 1687 3.779 

8 233 1067 2.390 

10 111 834 1.868 

20 268 723 1.619 

30 152 455 1.019 

40 92 303 0.678 

60 135 211 0.472 

80 56 76 0.170 

100 10 20 0.044 

120 4 10 0.022 
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Rain Rate (mm/hr) Frequency Cumulative Frequency 
Exceeded Distribution Freq. 

of Percentage time (%) 

140 6 6 0.013 

Table 4. Calculation of rain rate frequency, cumulative frequency and exceeded percentage of time in Jos (August 2018). 

Rain Rate (mm/hr) Frequency Cumulative Frequency 
Exceeded Distribution Freq.  

of Percentage time (%) 

    

2 2836 5825 13.048 

4 1453 2989 6.695 

6 558 1536 3.440 

8 242 978 2.190 

10 131 736 1.648 

20 213 605 1.355 

30 115 392 0.878 

40 81 277 0.620 

60 106 196 0.439 

80 47 90 0.201 

100 20 43 0.096 

120 12 23 0.051 

140 3 11 0.024 

160 5 8 0.017 

180 3 3 0.006 

Table 5. Calculation of rain rate frequency, cumulative frequency and exceeded percentage of time in Jos (September 2018). 

Rain Rate (mm/hr) Frequency Cumulative Frequency 
Exceeded Distribution Freq.  

of Percentage time (%) 

    

2 2024 4262 9.865 

4 985 2238 5.180 

6 358 1253 2.900 

8 210 895 2.071 

10 94 685 1.585 

20 201 591 1.368 

30 109 390 0.902 

40 88 281 0.650 

60 95 193 0.446 

80 47 98 0.226 

100 25 51 0.118 
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Rain Rate (mm/hr) Frequency Cumulative Frequency 
Exceeded Distribution Freq.  

of Percentage time (%) 

120 14 26 0.060 

140 1 12 0.027 

160 9 11 0.025 

180 3 3 0.006 

 
Fig. 4. Rainfall rate intensities in the month of June 2018-Jos 

 
Fig. 5. Rainfall rate intensities in the month of July 2018-Jos 

 
Fig. 6. Rainfall rate intensities in the month of August 2018-Jos 
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Fig. 7. Rainfall rate intensities in the month of September 2018-Jos 

IV. CONCLUSION 

The impact of electromagnetic wave scattering due to rain on Ku-band satellite link was carried out. Data 

measured were analyzed using Microsoft excel office and the results were obtained using ITU-R P.1621 

recommendation. The results obtained from this study revealed that high intensities of rainfall which prevail for 

a long period causes high electromagnetic scattering resulting to signal and power losses. 
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