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Abstract. Rain attenuation is one of the factors taken into consideration in the 

telecommunication system using frequencies above 10 GHz. As a tropical country, Indonesia 

has an annual average weather of high rainfall, causing the atmospheric conditions to contain a 

lot of water vapor. At frequencies above 10 GHz, the rain greatly affects the attenuation of the 

signal transmitted from/to telecommunication satellites. The objective of the research is to 

know the rain attenuation value estimation that used in link budget communication design to 

compensate the appropriate margin in LAPAN communication satellite. The study compared 

the rain attenuation estimation using ITU-R, Global Crane, and DAH modelling. The highest 

estimated rainfall value is found in Pare-pare using the Global Crane method. The result of the 

calculation with ITU-R model is the closest method for rain attenuation prediction in LAPAN 

communication satellite. The study recommends that the method to be used in the design of 

high frequency communication satellite operating in Indonesia is the ITU-R modelling.  

1. Introduction 

Increased demand for wireless communication services requires the use of wider frequency 

bandwidth. One of the services that need to be improved is communication via satellite, which to meet 

the bandwidth requirements, a higher frequency band is used. High-frequency usage on satellites is 

important because it can provide higher data rate communication. Rain attenuation estimation is 

important in the planning of satellite communication systems at a frequency band higher than 10 GHz, 

as it. Rain is a major cause that affects signal transmission [1]. Rain attenuation should be considered 

in the design of satellite communication to compensate the appropriate margin when performing link 

budget calculations. Designed communication satellites operate at frequencies of 20 GHz. Satellite 

communications that require high data rates, can satisfy the data rate requirement by using high 

frequency band such as Ku and Ka Band [2]. Frequency that higher than 10 GHz has impairment such 

as gaseous absorption, cloud attenuation, and rain attenuation on the troposphere. The main 

impairment is rain fade [3]. This paper describes the calculation of rain attenuation in several 

Indonesia regions to determine the requirement of LAPAN communication satellite. LAPAN 

communication satellite is one of the satellite that will be design by LAPAN. The main payload of this 

satellite provides internet communication. This communication will used Ka-band and Ku-band for 

communication link. Early rain attenuation predictions may use the model proposed by the 

International Telecommunication Union (ITU-R). This paper predicts the rain attenuation in 

Kototabang, Rancabungur, Pare-pare, and Biak where predicted as locations of satellite 

communication gateway. 

http://creativecommons.org/licenses/by/3.0
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2. Rain attenuation models 

Figure 1 is an example of a communication satellite constellation that is used as assumption. To meet 

the design needs of such satellite communications, rain attenuation values are calculated in 

Kototabang, Rancabungur, Parepare, and Biak areas. Those area are LAPAN’s satellite monitoring 

station and serves as a gateway to monitor designed communication satellites. The calculation of rain 

attenuation in the area is necessary to estimate the link margin required by the communication 

satellites. The calculation of rain attenuation value is done by using several methods to get the 

estimated rain attenuation value. The methods used are ITU-R, Crane, and DAH. The values obtained 

from the modeling are adjusted to the rainfall conditions in Indonesia to obtain the suitable value that 

meets the requirement of the satellite communication. 

 

 

Figure 1. Concept of equatorial low earth satellite communication constellation. 

At frequency higher than 10 GHz, rain attenuation becomes the main cause that decrease the 

quality of transmission signal. Extensive efforts have been undertaken to measure and model long-

term rain attenuation statistics to aid communication system design. Measured data is necessarily 

restricted to a specific location and link parameters. ITU-R rain attenuation model is the widely 

accepted international method for the estimation of rain effect on the communication system. The 

ITU-R states that the modelling procedures estimate annual statistics of path attenuation at a given 

location for frequencies up to 55 GHz [4]. This paper predicts the rain attenuation value in several 

cities in Indonesia. The ITU-R rain attenuation model is as below [5][6][7][8]: 

 

Step 1: define the rain height at the ground station of interest.  

                                (1) 

   is the average annual 0
0 

C isotherm height.    is the upper atmosphere altitude at which rain is in 

the transition state between rain and ice. The rain height is defined in km above sea level.    

Step 2: calculate the slant-path length and horizontal projection. 

       
       

    
               (2) 
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 (     )
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            (3) 

   is altitude ground receiver site from sea level (km),   is elevation angle,    is 8500 km (effective 

earth radius). 
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            (4) 

   is horizontal projection in km. 

 

Step 3: Define the rain rate for 0.01% of an average year 

Obtain the rainfall rate, R.0.01 exceeded for 0.01% of an average year for the ground station interest. 

 

Step 4: calculate the specific attenuation 

The specific attenuation is based on the equation below: 

          
       (5) 

   is the specific attenuation in (dB/km).   and   are dependent variables, each of which are functions 

of frequency. The calculation can be found in [7]. 

 

Step 5: calculate the horizontal reduction factor 

      
 

      √
    

 
              

    (6) 

 

Step 6: calculate the vertical adjustment factor 
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       ]

    (7) 
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              (9) 

        
    

       
     (10) 

 

Step 7: determine the effective path length 

                  (11) 

Step 8: calculate the attenuation exceeded for 0.01% of an average year  

                  (12) 

 

The attenuation, Ap, exceeded for other percentages, p, of an average year, in the range p=0.001 to 5 

%, can be determine from  

         (
 

    
)
 [                                          ]

 dB   (13) 

where 

  {

                                                             

                                                 

                                                        
   (14) 
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The crane developed model, usually referred as global crane attenuation model. This model was 

proposed by R.K Crane in 1980 [11]. Crane attenuation is an empirical model based on rain 

distribution, vertical rain extent, path length immersion in the rain, and frequency-dependent 

coefficient [12]. 

The Dissanayake-Allnut-Haidara (DAH) and ITU-R (2009) attenuation models are similar, except 

in terms of rain height parameter [8][12]. In the DAH model, the rain height is fixed to 5 km, whereas 

for ITU, rain height varies depending on the latitude and longitude of the measurement site [12][13]. 

3. Result and analysis 

Estimation is done in Indonesia by taking a sample of Kototabang, Rancabungur, Pare-Pare, and Biak. 

These four regions are estimated as a place to be used as the communications satellite gateway. 

Kototabang is in West Sumatra, Rancabungur is in West Java, Pare-Pare is in South Sulawesi, and 

Biak is in Papua. The attenuation value obtained is taken into consideration in the preparation of the 

communication satellite link budget to get the link margin that is in accordance with the needs of the 

designed communication satellite. The information of the ground station can be seen in table 1. 

 

Table 1. Ground station. 

No Ground Station Latitude Longitude Altitude (m) 

1 Kototabang -0.204 100.320 854 

2 Rancabungur -6.531 106.702 145 

3 Pare-Pare -4.009 119.629 16 

4 Biak -1.174 136.100 47 

3.1. The comparison of rainfall attenuation values with ITU-R, Crane, and DAH methods 

In figure 1, it can be seen the difference of rain attenuation values generated using ITU-R, Global 

Crane, and DAH methods.  At percentage of time 0.01%, 0.1%, and 1% the highest attenuation value 

is in the city of Pare-pare using the global crane method which is 79.279 dB, 35 dB, and 5.3 dB. 

Global cranes perform modeling based on rain distribution, ITU-R performs modeling with rain height 

variations depending on the latitude and longitude of the earth station while DAH performs modeling 

with a fixed rainfall height of 5 km. The value of rain attenuation can be seen in table 2. 

 
Figure 2.  Variation of attenuation value using ITU-R, Crane, and DAH. 
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Table 2. Attenuation value using ITU-R, Crane, and DAH. 

 

Percentage 

of time 
0.01% 0.1% 1% 

Attenuation 

Value (dB) 
ITU-R CRANE DAH ITU-R CRANE DAH ITU-R CRANE DAH 

Kototabang 36.663 69.394 37.398 12.377 28.858 4.312 4.245 4.070 4.312 

Rancabungur 39.194 77.824 40.917 13.781 34.280 4.631 4.476 5.113 4.631 

Pare-Pare 40.542 79.279 41.380 13.952 35.274 4.672 4.597 5.314 4.672 

Biak 75.892 78.932 41.526 24.526 35.035 4.685 7.557 5.266 4.685 

 

Global Crane provides higher rainfall attenuation value than other models. DAH performs 

modeling with a fixed rainfall height of 5 km, because the rainfall value in Indonesia is different in 

each region and it is influenced by latitude and longitude, rain attenuation estimation is done using 

ITU-R modeling with combination of rainfall value at BMKG observation station. ITU-R modeling 

was chosen because it suits the satellite communication needs and the availability of power so that it 

can produce the expected margin. 

3.2. Variation percentage of time using ITU-R model 

In figure 3, there can be seen the difference of rain attenuation value for the different percentage of 

the time. The calculation uses four variations of the percentage of time of an average year, those are 

at 0.01%, 0.1 %, 1%, and 2%. The attenuation value is calculated in Kototabang, Rancabungur, Pare-

pare, and Biak at a frequency of 20 GHz. The value percentage of time of an average year that is 

chosen for the calculation affects the attenuation value; the greater the percentage of the time, the 

lower the attenuation value. Figure 3 shows the rain attenuation value at the frequency of 20 GHz. In 

frequency of 20 GHz, attenuation value in Kototabang is 36.6 dB, 0.01 dB, 12.38 dB, 4.24 dB, 2.53 

dB, Rancabungur is 39.19 dB, 13.78 dB, 4.47 dB, 2.66 dB, Pare-Pare is 40.54 dB, 13.95 dB, 4.59 dB, 

2.73 dB, in Biak is 75.89 dB, 24.52 dB, 7.55 dB, 4.41 dB for percentage of time 0.01%, 0.1 %, 1%, 

and 2%. There can be concluded that the decreasing value of rain attenuation corresponds to the given 

percentage of time value. When the value of exceeded time increases, then the value of the rain 

attenuation becomes smaller. When calculating the rain attenuation value, choose the suitable 

percentage of time that match the needs of desired communication performance to provide the 

suitable link margin. For further estimation, this paper uses the value of rain attenuation at 1% 

percentage time because the value has been meeting the requirement of communications satellite 

performance that has been designed. 

  
Figure 3. Variation of the percentage of time using ITU-R model. 
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3.3. Attenuation value based on amount rainfall from BMKG 

 

Table 3. The amount of rainfall and the number of rainy days at BMKG observation station. 
Year 2013 2014 2015 

No Province 
the amount of 

rainfall (mm) 

the 

number 

of rainy 

day 

the amount of 

rainfall (mm) 

the 

number 

of rainy 

day 

the amount 

of rainfall 

(mm) 

the 

number 

of rainy 

day 

1 Sumatera Barat 4627.4 232 2838.4 163 3548 185 

2 Jawa Barat 2682  240 2388  226 2199.3 177  

3 Sulawesi Selatan 3973 213 2739 190 3382 155 

4 Papua 4033 251 2731 202 1265.9 168 

Table 4. Rain distribution based on BMKG observation. 
Rain rate BMKG Observation Station 

Sicincin Kemayoran Hasanudin Fakfak 

1mm/day 49.31% 30.13% 43.82% 50.68% 

20mm/day 21.91% 8.76% 16.43% 15.89% 

50mm/day 9.58% 2.73% 4.10% 4.79% 

100mm/day 1.64% 0.54% 0.82% 1.09% 

Not rainy 17.56% 57.84% 34.83% 27.55% 

Table 5. Rain Attenuation Value using Rainfall BMKG 
No GroundStation Rain Attenuation Value (dB) 

BMKG Rainfall ITU-R 1% 

1 Kototabang 0.601 4.245 

2 Rancabungur 0.425 4.475 

3 Pare-Pare 0.701 4.597 

4 Biak 0.473 7.557 

Table 3 shows the value of several province in Indonesia rainfall in 2013-2015. Rainfall value in 

West Sumatera province is taken to represent rainfall of Kototabang area, West Java into Rancabungur 

area, South Sulawesi representing Pare-Pare area, and Papua representing Biak area.The value in the 

Table 5 is a comparison of rain attenuation values using rainfall data from BMKG observation stations 

obtained from the Central Statistics Agency and ITU-R. The Differences in rain attenuation values can 

be seen in the table 5. Based on table 5 can be seen the rain attenuation using BMKG rainfall data are 

in Kototabang 0.601 dB, Rancabungur 0.425 dB, Pare-pare 0.7012 dB, Biak 0.473 dB. Whereas by 

using rainfall parameter ITU-R rain attenuation value are in Kototabang 4.245 dB, Rancabungur 4.475 

dB, Pare-pare 4.597 dB, Biak 0.473 dB. Differences in rainfall attenuation values are caused by 

differences in rainfall parameters. In the ITU-R method the value of rainfall distribution is considered 

the same for each Indonesian region. To obtain more accurate attenuation value data for certain 

regions in Indonesia can use rainfall data issued by BMKG. The attenuation values obtained using 

ITU-R can be used for initial design on link margin design. 

4. Conclusion 

According deviation value between BMKG rain data with three methods is used, the result of the 

calculation with ITU-R model is the closest. Based on the data generated as well, the authors 

concludes ITU-R model is the most suitable for use in Indonesia country. This method can be varied 
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the value of latitude and height of the area. Also, this model can be implemented in many frequencies 

and elevation angles, also reduce the probability of error during calculation. 
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