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ABSTRACT 

 
The rainfall attenuation predictions model evaluated in the present require the cumulative distribution of 1-minute rainfall rate and 

corresponding 1-minute rainfall attenuation. The statistical analysis were carried out on the measured rainfall attenuation data are 
described. This paper presents result of measurements of rain attenuation for signals propagating at 12.2525 GHz during some rain 
periods. The attenuation measured experimentally was compared with that obtained using Three different models such as  international 
telecommunication union radio communication sector (ITU_R) model, Svjatogor model and Bryant model. 
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INTRODUCTION 
 

The propagation experiment at Ku-band has 
clearly demonstrated the influence of rain on 
satellite-to-earth path in the tropical and equatorial 
regions[1-3]. The non-homogeneous nature of rain 
was evident from the rain gauge and beacon 
measurement. In this research, rain attenuation 
propagation effects on satellite links have been 
studied. As frequency increases, the wavelength 
approaches the size of raindrops, which therefore act 
as a screen of scatters for the wave. Statistics on 
rainfall rate near and above the earth’s surface are 
needed in order to estimate the percentage of time of 
absorption and scattering of radiowaves[4-7]. For 
this reason many studies have been made of the 
rainfall rate distribution with 1-minute integration 
time. The measurement was done in Malaysia. The 
analysis of 1-minute rainfall rate data was analyzed 
from two years of the rain gauge measurement and 
beacon measurement. 
 
Model Review: 

 
In the tropical and equatorial region, 

meteorologists have classified rain precipitation in 
three categories First is convective rain arises 
because of vertical atmospheric motions resulting in 
vertical transport and mixing. The convective flow 
occurs in a cell whose horizontal extent is usually 

several kilometers. Rainfall of high intensity is 
difficult to record and measure experimentally, as 
well as being highly variable from year to year.A 
number of this propagation prediction models 
employed in the design of microwave systems make 
use of the long term cumulative distribution of point 
rainfall intensity. Deviations from these predictions 
may therefore be expected for any single year or 
series of years. 
 
ITU-R Model: 
 

ITU rain attenuation model (2001) provides 
estimates of the long-term statistics of the slant-path 
rain attenuation at a given location for frequencies up 
to 55 GHz. The method adopted by ITU to calculate 
the cumulative distribution of rain attenuation is 
extremely simple and require only the knowledge of 
the values of rainfall rate exceeded for 0.01% of time 
of an average year in the location of interest. The 
following parameters are required: 

R0.01 point rainfall rate for the location for 0.01% 
of an average year (mm/h) 

hs height above mean sea level of the earth 
station (km) 

θ elevation angle (degrees) 
ϕ lalitude of earth station (degrees) 
f frequency (GHz) 
Re effective radius of the earth (8500 km) 
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The attenuation to be exceeded for other 
percentages of a average year in the range  0.001% to 
10% may be estimated from the attenuation to be 
exceeded for 0.01% for an average year by using : 
 
Ap = A0.01(p/0.01)-(0.655+0.033ln(p) – 0.045ln(A

0.01
) – z(1 – p)sinθ)

 dB (1) 
 
where p is the percentage probability of interest 

and z is given by 
for p≥ 1%,  z = 0 
for p < 1%, 

z = 0    for | φ | ≥ 360                  (2) 
z = -0.005(| φ | - 360)for θ ≥ 250 and | φ | < 360   (3) 
 
z = -0.005(| φ | - 360) + 1.8 – 4.25sinθ, for θ <250 and 
| φ | < 360                                                            (4) 

 
Syjatogor Model: 

 
The Svjatogor model [Svjatogor, 1985] defines 

its effective rain height Hr depending on the rain 
intensity: 

p
p

r R
R

H 0015.0
)5.13.0(log

7.2

10

+
+

=          (5) 

 
The rain attenuation is given by: 

 

rssps kLkRA α=             (6) 
 
Where krs is the path length and is given by: 
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Bryant Model: 
 

The Bryant method uses the concept of effective 
rain cell and variable rain height to calculate the 
distribution of rain attenuation. The attenuation along 
the slant path is then given by: 
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LkDA s

pnms +
=

ξ
γ57.1                       (8) 

 

Where: 
Ls is the slant path length; 

pγ  is the specific attenuation [dB/km]; 
Dm = (2/π)D; 
Kn is the number of cells and 
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Measurement Set-up: 
 

This rain gauge also has a tipping bucket of 
0.5mm per tip. The area of the collecting surface is 
400cm2. The structure and operational of this rain 
gauge is similar to the RS-102 except it has only one 
funnel and the buckets are made of lightweight 
plastic material. The beacon setup for measurement 
consists of an antenna which 2.4m in diameter, an 
outdoor unit (ODU), and indoor unit (IDU), a beacon 
level monitor, data logging system and a personal 
computer for user interface. A 2.4 m offset parabolic 
antenna is used to receive the signal form Superbird 
C satellite. The beacon level monitor is connected to 
the IDU and placed indoor. Its process and displays 
the received beacon signal level in decibels (dB). The 
dynamic range of the beacon signal level is –30dBm 
to –100dBm.  

 
Results And Discussion 

 
Figure 1 shows the rain attenuation and worst 

month, whereby the rain attenution exceeded for 32 
dB at 0.01% of time for 1 year. The differences are 
because Tropical rainfalls are predominantly 
convective and characterized by high precipitation 
(rain) rates. However, during the precipitation, a 
stratiform structure develops which extends over 
wider areas with smaller intensities. Despite the large 
amount of available rain data collected by national 
meteorological services, these cannot be used by 
telecommunications engineers, who are interested in 
the fine structure of rainfall. 
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Fig. 1: Analysis of Rain attenuation and worst month 
 

 
 
Fig. 2: Rain attenuation predictions for different models. 

 
Both the models did not perform well for 

tropical climate. The Syjatogor model performed 
better compared to Bryant because totally based on 
the rainfall rate cumulative probability distribution as 
the input data to calculate the attenuation probability 
distribution. This model was developed based on the 
measurement on slant – path attenuation located in 
Brazil and then it was generalized for global 
application.  ITU-R was in excellent agreement with 
the measured attenuation in the .01% to 1% range but 

at .001% the difference was huge. The method was 
derived on the basis of the log – normal distribution. 
This model is applicable across the frequency range 
from 4 to 35 GHz and the percentage probability 
range from 0.001% to 10%. 
 
Conclusion: 

 
The rain attenuation at 12.255 GHz was 

measured experimentally. It was found that  the 
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experimental results were in good agreement with 
those obtained used The Svjatogar model and ITU-R 
models at low rain rate , the experimental results 
were also in close agreement with measurement. 
However Bryant model always under estimate the 
experimentally measure attenuation at the same rain 
rate. 
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