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1 

Rain Rate and Attenuation Contour Maps for 1 

Television Satellite Links in Mauritius 2 

 3 

Attenuation losses in satellite communication systems originate from 4 
atmospheric losses, which become dominant at frequencies above 5 GHz. By 5 
using higher frequencies, communication systems can increase their bandwidth 6 
and throughput. However, the drawback is that rain attenuation affects the 7 
radio signals at frequencies above 5 GHz. Satellite TV in Mauritius uses the Ku 8 
band, and outages are common during rainfall, resulting in significant signal 9 
losses and a lower quality of the information. Rainfall causes radio waves to be 10 
absorbed and scattered, which lowers the received signal strength. In this work, 11 
the ITU-R 837-7 recommendations, Rice Holmberg (RH), and the refined 12 
Moupfouma-Martin (RMM) models have been assessed to find the rain rate for 13 
one-min integration time from monthly precipitation statistics for the period 14 
1991 to 2020 for the 9 districts of Mauritius. The attenuation of rain has been 15 
predicted for the EUTELSAT satellite communication system using 16 
Recommendation ITU-R 618-13, the Ramachandran-Kumar (RK) model, and 17 
the Yeo-Lee-Ong (YLO) model. Contour maps of precipitation rate and 18 
attenuation have been established for the first time for Mauritius, which will be 19 
helpful for planning and designing satellite links for the different regions of the 20 
country. 21 
 22 
Keywords: Contour map, rain attenuation, ku band, Mauritius 23 
 24 

 25 

Introduction 26 

 27 

Higher-frequency radio waves are attenuated by the ionosphere because of 28 

its electron density [1]. Rain and clouds cause attenuation of high-frequency 29 

radio waves. Frequency, geographic location, and elevation angle influence 30 

rain attenuation [2, 3, 4]. The ITU R 618-13 (2017) recommends the method 31 

used to calculate the attenuation brought on by clouds and precipitation along a 32 

slant propagation path needed for the design of earth-satellite communication 33 

systems [2]. Link availability for 99.99 percent of the time is frequently desired 34 

for the majority of satellite links [2]. A method for forecasting precipitation 35 

rate data with a one-minute integration time is suggested in ITU-R P.837-7 [5]. 36 

The prediction process proposed can be used for the conversion of monthly 37 

available rain data to one-minute integrated rain rate data. Other methods, like 38 

the Rice-Holmberg [6] and the refined Moupfouma-Martin models, can also be 39 

used for the conversion [7]. Rain rate models are very helpful for determining 40 

the point rainfall rate for specific locations, and a number of experimental 41 

models are mentioned in the literature [6, 8, 9, 10, 11]. These models include 42 

the ITU-R P.837-7 model [5], the Rice and Holmberg (RH) model [6], the 43 

Moupfouma model [12], the Moupfouma and Martins model (RMM) [7], and 44 

the Crane (1985, 1996, and 2003) models [13, 14, and 15]. The RH model was 45 

created using considerable data from many locations worldwide. 46 
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This model creates a rain rate distribution from two rain modes. The RH 1 

model is found to underestimate rainfall rates below 0.01% [14]. The Moupfouma 2 

and Martin model [7] was found to be a better model than the Moupfouma model 3 

[12]. Both tropical and temperate climates responded better to this model. 4 

Mandeep Singh and al. compared measured rain and attenuation data with the 5 

ITU-R model in Malaysia [16]. The RH model performed better than the Kitami, 6 

ITU-R, and Moupfouma models [17]. 7 

In [18], contour maps for one-minute precipitation rate and rain attenuation 8 

were generated for South Africa using the refined Moupfouma model and the 9 

ITU-R recommendation model, respectively. In [19], the rainfall rate was 10 

determined using the method of RH [6] for satellite links in Nigeria. Mangones 11 

et al. [20] applied the ITU-R P.837-7 recommendation, RH [6], and the RMM 12 

models to estimate the rain rate for Venezuela. Previous research has 13 

demonstrated a number of models for predicting the attenuation of rain for 14 

satellite communication systems, like Recommendation ITU-R 618-13 [4], the 15 

RK model [21], and the YLO model [22]. Some other studies show a 30% to 16 

40% difference as compared to measured data [23, 24]. 17 

When compared to the traditional ITU-R model, experimentally obtained 18 

rain attenuation had overestimated results [25]. Tjelta et al. (2017), Kaustav 19 

Chakravarty, and Animesh Maitra [26] discovered that the ITU-R model [27] 20 

performed well in North America when tested. With the NSS-6 satellite, rain 21 

attenuation models were tested in the frequency range of 12 to 40 GHz over the 22 

earth–space communication link at urban communities in India. The ITU-R 23 

model was found to perform better when the rain rate and frequencies were 24 

high [28]. Mangones et al. [20] used the Recommendation ITU-R P.618-13, 25 

RK [21], and YLO models [22] for evaluating the rain attenuation in 26 

Venezuela with comparable results for rain attenuation. Some recent studies 27 

are given in the next paragraph. 28 

Past meteorological data is used in [29] to create a rain prediction model 29 

using a rule-based machine learning technique. In [30], the ITU-R P.837 was 30 

found to provide good statistical predictions of rainfall rates for Columbia. 31 

The ITU-R is used to calculate the attenuation of radio waves due to 32 

rainfall for the estimation of the yearly radio throughput in Budapest, Hungary 33 

[31]. Using the ITU-R models for the estimation of rain attenuation in their 34 

study [32], a unique architecture of linear precoding was developed for the 35 

feeder link of a broadcast satellite system operating with complete frequency 36 

reuse in order to greatly increase the possible capacity. In [33], the authors 37 

demonstrate an improved adaptive code modulation (ACM) for reducing 38 

rainfall fade in Ethiopia using the ITU-R for rain attenuation prediction. In 39 

[34], the SC EXCELL model and the Lin model were found to better estimate 40 

the attenuation for extremely high-frequency (EHF) terrestrial links than the 41 

ITU-R model. 42 

Satellite TV in Mauritius uses the Ku band, and outages are common 43 

during rainfall, resulting in significant signal losses and a lower quality of the 44 

information. In order to design reliable satellite systems for tropical countries 45 

in the southern hemisphere, specifically Mauritius, this paper aims to provide 46 
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communication system planners with supplementary information, including 1 

contour maps of rain rate and attenuation. In Mauritius, there are 2 main 2 

operators that offer satellite television, namely the Parabole group and the 3 

Canal Satellite group, which offers Canal Sat. Both use the EUTELSAT 4 

satellite in the Ku band. The EUTELSAT satellite operates in the Ku band and 5 

has an orbital position of 10° E, a latitude of 20°, and an elevation of 32°. The 6 

contour maps established for rain rate and attenuation will help to assess the 7 

implementation of satellite coverage in the different regions of Mauritius. The 8 

contour maps are generated using the models designed for tropical regions by 9 

the ITUR 837-7 recommendation, RH [5], RMM [6], and Chebil-Rahman’s 10 

[35] model for the R0.01 rain rate, and the ITU-R 618-13 [4], the RK [21], and 11 

the YLO models [22] for rain attenuation prediction methods. Similar works 12 

have been carried out in Nigeria [36], Venezuela [20], Malaysia [35], India 13 

[37], South Africa [38], Bangladesh [39], Libya [40], Brazil [41], and 14 

Columbia [42]. 15 

 16 

 17 

Proposed System Model 18 

 19 

In this section, the prediction models used for the rain rate and attenuation 20 

are described. The average monthly temperatures and precipitation from the 21 

Climate Change Knowledge Portal [43] for Mauritius from 1991 to 2020 have 22 

been used to generate the rain rate and attenuation contour maps from the 23 

models described in the following sub-sections. The rain rate and attenuation 24 

contour maps are created in ArcGIS 10.5.1 with the use of Spline for data 25 

interpolation. 26 

 27 

Prediction Methods for Rainfall Rate  28 

 29 

The ITU-R P.837-7 [5], the RMM, and the Rice-Holmberg methods have 30 

been used to predict the rainfall rate probabilities of exceedance of 0.01%, 31 

0.1% and 0.5% converted to 1-min integration. 32 

The total precipitation and average surface temperature for the period 33 

1991-2020 for Mauritius [43] have been used to calculate the rainfall rate 34 

exceeded for a desired average annual probability of exceedance for a given 35 

location in Mauritius. The total precipitation is given by equation (1).  36 

 37 
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Where ii is the month integer, Nii is the monthly days,      is the monthly 4 

average total precipitation in mm and     is the monthly surface temperature in 5 
0 .  6 

The rainfall rate,     , is modified until 100 | ( >    )/𝑝 − 1| < 0.001 7 

where p is precipitation rate probability of exceedance. 8 

 9 

The Rice- Holmberg Model 10 

 11 

The complementary cumulative distribution function (CCDF) for which 12 

the precipitation rate exceeds R mm/h at a location is given by equation (3).  13 

 14 

 (   )  
 

     
[                (   )(                    ]     (3) 15 

 16 

 17 

 18 

M is the average annual rainfall accumulation (in mm), M1, is the average 19 

annual accumulation of thunderstorms or convective rains (in mm). M1 was 20 

obtained from the Mauritius Meteorological Services [43]. β=M1/M. 21 

 22 

Refined Moupfouma-Martin model 23 

 24 

The complementary cumulative distribution function (CCDF) for which 25 

the precipitation rate exceeds R mm/h at a location is given by (4) [7, 18, 20].  26 
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where u is calculated for tropical and subtropical climates. R0.01 is the 30 

precipitation rate exceeded at 0.01% of time in an average year and is obtained 31 

from the Chebil-Rahman model [20]. The equation used to calculate R0.01 is 32 

given below. 33 

 34 
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                                                                                (5) 1 

 2 

where M is the annual cumulative average precipitation (in mm) 3 

 4 

Models for Rain Attenuation  5 

 6 

Recommendation ITU-R P. 618-13 7 

The ITU-R P. 618-13 [2] recommendation consists mainly of calculating 8 

the rain height, slant path length, specific attenuation, effective path length and 9 

the predicted attenuation exceeding p% of an average year. The parameters 10 

used in this model are the local point precipitation rate, the height above mean 11 

sea level of the earth station , hs, the elevation angle, Ө , wave polarisation, the 12 

latitude of the earth station,  , frequency f and effective radius of the earth are. 13 

The steps that follow provide predictions for the attenuation. The earth space 14 

factors are given in Figure 1. 15 

 16 

Figure 1. Earth Space Factors [2] 17 

 18 

 19 

 20 

 21 

 22 

hR 23 

 24 

 25 

 26 

 27 

 28 

 29 

 30 

hs 31 

 32 

 33 

 34 

Step 1: The rain height, hR, is determined as given in [44]. 35 

Step 2: If Ө ≥ 5°, Ls, is obtained from: 36 
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Step 3: LG, is calculated from: 40 

                km                                                                 (8) 41 

Step 4: Identify the precipitation rate, R0.01 42 

Step 5: Using values of alpha and k provided in [45]and R0.01, as determined 43 

in Step 4, obtain the specific attenuation, R, using: 44 
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Step 6: Find, r0.01: 3 
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Step 7: Find v0.01: 5 
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 14 

Step 8: Find the effective path length: 15 

 16 

           km                                                                          (12) 17 

Step 9: Find the estimated attenuation for p= 0.01%, using: 18 

 19 

           dB                                                                                        (13) 20 

 21 

Step 10: Find the estimated attenuation exceeded for other percentages (p) of 22 

an average year:  23 
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 25 

Ramachandran-Kumar Model 26 

For use in the tropics, section 2.4.1. model is suggested with modifications 27 

to steps 5 to 10 as given below: 28 

     ,      and        switch to    ,    and     respectively. 29 

Step 8: LE is determined as follows: 30 

        km                                                                                             (15) 31 

Step 9: 32 

 33 
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For          ,                                                                        (16) 1 

Else          (dB)                                                                                  (17) 2 

Where           
                                                               (18) 3 

Step 10:  Find the estimated attenuation exceeded for p %. 4 
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 8 

Yeo-Lee-Ong Model 9 

Yeo. Lee and Ong [22] also proposed modifications to steps 6 to 10 of the 10 

section 2.4.1 model for tropical regions as given below. 11 

 12 

Step 6: 13 

 14 
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Where H is the rain height in km. 16 

 17 

Step 7: 18 

                 dB                                                                        (21) 19 

Step 8: The estimated attenuation exceeded for p % is calculated from: 20 
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 28 

Results and Discussions 29 
 30 

Precipitation Contour Maps for Mauritius 31 
 32 
There are 9 districts in Mauritius: Flacq, Grand Port, Moka, Pamplemousses, 33 

Plaines Wilhems, Port Louis, Rivière du Rempart, Black River, and Savanne, as 34 

shown in Figure 2. Table 1 shows the annual average temperature and 35 

precipitation data for Mauritius for the period 1991–2020. Mauritius has a tropical, 36 
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warm climate that is moderated by southeast trade winds. The direction of the 1 

trade winds has a large influence on the amount of rain that falls on the island; the 2 

eastern part of the island is relatively rainier than the western part. 3 

 4 

Figure 2. Districts of Mauritius 5 

 6 
 7 

Table 1. Temperature and Precipitation Data for Mauritius for the Period 8 

1991-2020  9 

Station 
Latitude 

(
0
E) 

Longitude 

(
0
S) 

Altitude 

(m) 

Annual 

Average 

temperature 

(
0
C) 

Annual 

Average 

precipitation 

(mm) 

Flacq 57.7144 20.1897 131.7 23.79 1781.8 

Black River 57.38417 20.4158 77.16 23.1 1704.73 

Savanne 57.5 20.4667 224.38 23.3 1772.67 

Riviere Du 

Rempart 
57.68472 20.1031 44.66 23.79 1781.8 

Port Louis 57.49638 20.1653 6.72 23.53 1752.38 

Plaines Wilhems 57.48536 20.3055 419.25 23.35 1732.18 

Pamplemousses 57.58159 20.1095 78.57 23.79 1781.66 

Moka 57.5 20.2167 343.21 23.74 1775.71 

Grand Port 57.66657 20.3852 160.56 23.79 1781.8 

 10 

Table 2 shows the rainfall rates for probability of exceedance at 0.01%, 11 

0.1%, and 0.5% time of exceedance using the ITU-R 837-7 Annex 1 12 

recommendation, Rice-Holmberg, and refined Moupfouma-Martin models. 13 

The rain rates are converted to 1-min integration. We can observe from the 14 

results obtained that the rainfall rate increases for a higher percentage of time 15 
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than expected. Also, the rainfall rates are higher for the refined Moupfouma-1 

Martin model as compared to the Rice-Holmberg and ITU-R 837-7 models. 2 

 3 

Table 2. Rainfall Rate for 0.01%, 0.1% and 0.5% Probability of Exceedance 4 

 ITU-R P.837-7 
Refined Moupfouma-

Martin 
Rice-Holmberg 

 0.01% 0.1% 0.5% 0.01% 0.1% 0.5% 0.01% 0.1% 0.5% 

Flacq 77.6 16.59 7.3 113.78 41.01 13.66 91.12 20.28 8.07 

Black River 73.9 15.85 7.3 112.29 40.48 13.49 75.04 16.81 7.9 

Savanne 75.7 16.22 7.17 113.61 40.95 13.64 88.45 19.42 8.05 

Riviere Du 

Rempart 
77.7 16.62 7.27 113.78 41.01 13.66 90.97 20.28 7.99 

Port Louis 76.4 16.32 6.97 113.22 40.81 13.6 75 16.92 8.02 

Plaines 

Wilhems 
75.1 16.12 7.05 112.83 40.67 13.55 91.2 20.22 7.93 

Pamplemousses 77.6 16.59 7.15 113.78 41.01 13.66 82.22 18.02 8.09 

Moka 77.3 16.55 7.34 113.66 40.97 13.65 91.39 20.37 8.05 

Grand Port 77.8 16.62 7.31 113.78 41.01 13.66 91.13 20.28 8.07 

 5 

Figures 3 to 11 show the contour maps for the rainfall rates for the ITU-R 6 

837-7, Rice-Holmberg, and refined Moupfouma-Martin models for 0.01%, 7 

0.1%, and 0.5% probability of exceedance. It can be seen that the eastern part 8 

of the country (Moka-Flacq, Grand Port) has a higher rainfall rate and the 9 

western part (Port Louis, Black River) has a lower rainfall rate. This is true for 10 

all the probabilities of exceedance considered. We can also note that the 11 

rainfall rate is lower in the north and west coastal regions of Mauritius, where 12 

the elevation above sea level is low. The rainfall rate increases for regions that 13 

are at a higher elevation above sea level, as expected. 14 
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Figure 3. Precipitation rate (mm/hr) contour map for ITU-R P. 837-7 

recommendation (p=0.01%) 

 
 

Figure 4. Precipitation rate (mm/hr) contour map for Rice-Holmberg model 

(p=0.01%) 
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Figure 5. Precipitation rate (mm/hr) contour map for Refined Moupfouma-

Martin model (p=0.01%)   

 
 

 

Figure 6. Precipitation rate (mm/hr) contour map for ITU-R P. 837-7 

recommendation (p=0.1%) 

 
 

Figure 7.  Precipitation rate (mm/hr) contour map for Rice-Holmberg model 

(p=0.1%) 
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Figure 8. Precipitation rate (mm/hr) contour map   for ITU-R P.837-7 

recommendation (p=0.5%) 

 
 

 

Figure 9. Precipitation rate (mm/hr) contour map Refined Moupfouma-Martin 

model (p=0.1%) 

 
 

Figure 10. Precipitation rate (mm/hr) contour map for Rice-Holmberg model 

(p=0.5%) 
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Figure 11. Precipitation rate (mm/hr) contour map for Refined Moupfouma-

Martin model (p=0.5%) 

 
 

Rain Attenuation Contour Maps for Mauritius 

 

The Ramachandran-Kumar and the Yeo models have similar steps as 

compared to the ITU-R P. 618-13, except that the equations used for 

calculating the attenuation are different. The attenuation levels have been 

calculated for the EUTELSAT satellite with a 10°
 
E orbital position, latitude of 

20°,
 
and elevation of 32°, operating in the Ku band at a frequency of 12 GHz. 

Figures 12 to 20 show the attenuation contour maps from the ITU-R, 

Ramachandran-Kumar, and Yeo methods. All indicate that attenuation is 

slightly higher in the country's east and south. The districts concerned are those 

of Flacq, Savanne, and Grand Port. Because of the higher level of precipitation, 

the east parts of the Moka and Plaines Wilhems districts are also affected. The 

attenuation is relatively lower in the north and west. The regions concerned are 

those of Grand Baie, Cap Malheureux, Bambous, Flic en Flac, Black River, 

and Tamarin. Precipitation has less attenuated some west parts of the Plaines-

Wilhems district, such as Quatre Bornes.  

It can also be observed from these figures that the ITU-R model gives the 

lowest values of attenuation as compared to the Ramachandran-Kumar and the 

Yeo models. We can also note that the Ramachandran-Kumar model gives the 

highest attenuation values as compared to the ITU-R recommendation and the 

Yeo-Lee-Ong models. It is difficult to know which model gives the most 

accurate results of attenuation when no actual measurements have been done 

for this satellite link. However, it is important to know about these attenuations 

in different regions of the country to predict service availability and 

interruptions in this satellite link since competitors are providing no 

interruptions in the TV service through fiber optic cables. RF changes could be 

considered to reduce attenuation levels and improve link availability at all 

times.  
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Figure 12. Attenuation (dB) for ITU-R P.618-13 recommendation (p=0.01%) 

 
 

Figure 13. Attenuation (dB) contour map for RK model (p=0.01%) 

 
 

 

Figure 14. Attenuation (dB) contour map for YLO model (p=0.01%) 
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Figure 15. Attenuation (dB) contour map for ITU-R P.618-13 recommendation 

(P=0.1%) 

 
 

 

Figure 16. Attenuation (dB) contour map for YLO model (p=0.1%) 

 
Figure 17. Attenuation (dB) contour map for ITU-R P.618-13 recommendation 

(p=0.5%) 
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  Figure 18. Attenuation (dB) contour map for RK model (p=0.1%) 

 
  

Figure 19. Attenuation (dB) contour map for YLO model (p=0.5%) 

 
 

Figure 20. Attenuation (dB) contour map for RK model (p=0.5%) 

 
 

We can also observe from Figures 12 to 20 that the maximum average 

difference in attenuation of 3.7 dB for a 0.01% exceedance probability is between 
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the Ramachandran-Kumar model and the ITUR-618-13 recommendation. This 

average difference decreases to 2.8 dB and then to 1 dB for 0.1% and 0.5% of 

the exceedance probability, respectively. It is also to be noted from these 

figures that the maximum average difference in attenuation of 2 dB for a 0.01% 

exceedance probability is between the Yeo-Lee-Ong model and the ITUR-618-

13 recommendation. This average difference decreases to 0.14 dB and then to -

0.25 dB for 0.1% and 0.5% of exceedance probability, respectively. The 

difference in attenuation between the Yeo-Lee-Ong model and the ITUR-618-

13 recommendation is negligible for 0.1% and 0.5% of exceedance probability. 

 

 

Conclusions 

 

For the first time, the contour maps for the rainfall rates from the ITU-R 

837-7, Rice-Holmberg, and refined Moupfouma-Martin models for 0.01%, 

0.1%, and 0.5% probability of exceedance have been shown for Mauritius. It 

can be seen that the eastern part of the country (Moka-Flacq, Grand Port) has a 

higher rainfall rate and the western part (Port Louis, Black River) has a lower 

rainfall rate. Attenuation contour maps from the ITU, ARKM, and Yeo 

methods all show that attenuation is slightly higher in the country's east and 

south. The districts concerned are those of Flacq, Savanne, and Grand Port. 

Because of the higher level of precipitation, the east parts of the Moka and 

Plaines Wilhems districts are also affected. It is also observed that there is a 

slight variation in the attenuation across the country due to its size, topology, 

and distance from the satellite. The rain rate and attenuation derived from these 

methods provide preliminary data for planning and designing future satellite 

links for the country and also for developing countermeasures to rain 

attenuation so as to provide high-quality service to subscribers. As technology 

advances, real-time attenuation values for measured rainfall rates could be 

measured to find the most accurate prediction method. 
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