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ABSTRACT

The study of the effect of rainfall is very useful for construction of a modern satellite system. As a
result of this, attenuation of rain predictive models had been used to calculate the impact of rainfall
on satellite communication for different stations. In this study, performance assessment of
attenuation due to rainfall was predicted for three locations of interest; namely, Ikeja, Oshodi and
Marina in Lagos, Nigeria, using three popular prediction models viz. ITU-R, Synthetic Storm
Technique (SST) and Dissanayake, Allnut and Haidara (DAH). Five (5) years monthly rainfall data
were acquired from Nigerian Meteorological Agency (NIMET) for selected the three locations and
then analysed at different percentages of time exceedances ranging from 0.001% to 1%.
Performances of the three under investigation were assessed and compared. Generally, DAH and
ITU-R rain attenuation prediction models gave the closest predicted values to measurement
attenuation values, both at 12 and 23GHz; and hence the recommended models for Lagos.

Keywords - Attenuation, exceedances, ka-band, ku-band, meteorology, prediction models, rain
gauge, rain rate, satellite communication, slant-path.

1. INTRODUCTION

The Atmosphere has a key factor in the implementation of satellite-to-earth links especially at
frequencies ranging above 10GHz. The effect of Raindrops scatter and absorb radio waves, giving
birth to signal fading and reduction of the signal strength. Rain fade or attenuation refers to the
process of absorption of microwave radio frequency (RF) signal as a result of atmospheric rain, ice or
snow which usually occur at frequencies above 10GHz. It is also known as the degradation of wave
caused by electromagnetic interference of a storm front. The negative effect of rain varies directly
with frequency and also with different locations (taking into consideration the coastal area and non-
coastal area of Lagos). As a result of this, when planning both microwave terrestrial line-of-sight (LOS)
and system links; there should be accurate prediction of rain attenuation on paths of propagation.

At the early stage, attenuation prediction process involved measurements extrapolation to other
locations, elevation angles and frequencies; however, the complicated nature and regional changing
of rain makes this approach highly not correct. An empirical way of predicting rain attenuation calls
for a 1 min-rain rate, but this is not available in tropical regions such as Nigeria. A method for
converting the gotten rain rate values to the equivalent 1-minute rain rate cumulative distribution is
necessary. The rain in Lagos is characterized by high rate of rainfall and increased presence of
raindrops. Itis also affected by the rainfall types as other coastal and tropical areas in Nigeria.

Since one of the major problem or set back in transmission of radio signal at high frequency (above 10
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GHz) is the effect of rain, a proper study of rain attenuation is needed to reduce this problem. Rain
causes fading of the signal strength with variation in the degrees of impairment, and it depends on
the raindrop size, intensity, rain rate and frequency of operation. Thus, there effort must be put to
accurately prove the amount of attenuation caused by rain in both satellite and terrestrial links.
Although a lot of research have been made on this study in the past and present, thus, the result of
thiswork will complement the existing.

This research assesses the performances of three existing rain attenuation prediction models (ITU-R,
SST and DAH), with the aim of identifying the best at 12GHz (Ku-Band) and 23 GHz (Ka-Band) for earth
to space linksin three locations (lkeja, Oshodiand Marina) in Lagos, Nigeria.

2. LITERATURE REVIEW

Several researches have been carried out on slant-path rain attenuation prediction modelsin order to
mitigate the effect of rain attenuation. Some of these models are ITU-R P.816-10 model, Crane global
(Crane, 1977), Simple attenuation model (Stutzman & Yon, 1986), Garcia Lopez (Garcia-Lépez &
Peird, 1983), Karasawa, Synthetic Storm Technique, Svjatogor, Bryant et. al and DAH (Dissanayake,
Allnutt & Haidara, 1997). However, Bryant model's seeming advantage is that it provides avenue for
the threshold analysis in attenuation exceedance (Ramachandran, 2007). The ITU-R P.618 model is
highly accepted around the world; hence usually serve as benchmark against the other developed
models for reliability, especially for cases where measured data are not available (Cost Project 255).
In order to calculate the slant-path rain attenuation by the use of point rainfall rate, the procedure of
step-by-step calculation of the ITU-R model can be obtained from Recommendation ITU-R. P.618
(ITU-R,2012).

Yussuff A. 1. O. (Yussuff, 2016) explored some selected rain attenuation prediction models for Lagos
and their performance evaluation, and concluded that the other prediction models under
consideration were out-matched by the ITU-R model. TV. Omotosho (Omotosho et al., 2017) carried
out a research on three frequency bands: Ku (12/14GHz, Ka (20/30 GHz) and V (40/50 GHz) in
Malaysia, and observed that the effect of heavy rainfall on satellite links in the eastern part is higher
than in the western part of Malaysia. Kumar L. S. (Kumar et al., 2010) investigated slant-path rain
attenuation at various elevation angles in Singapore at 11GHz, 20GHz, 30GHz and 38 GHz. The slant-
path rain attenuation pattern showed that rain attenuation is larger at great heights of elevation
angles even at a shorter path length. They further concluded that, where the point rainfall rates
increase, the reliability of slant-path rain attenuation on elevation angle models based on the cosec
law are inconsistent for tropical countries.

Yussuff A. 1.0. (Yussuff & Nor Hisham, 2013) carried out a research in which they proposed an
Improved ITU-R rain attenuation prediction model for a location in Malaysia. The results showed that
the proposed model at 12GHz was closer to the evaluated data than other models under
investigation. Lastly, Darley et al. (2021) investigated the performances of some rain attenuation
prediction models at some GSM network locations in Lagos, Nigeria, using remote sensing at Ku band
on three different terrestrial microwave links. Findings revealed that ITU-R (ITU-R P.530, 2017) either
overestimated or underestimated the measurement at the three sites of s (Tarzan Yard, Kofo Abayomi
and GLO Shop).

3. DATA COLLECTION

Four years annual rainfall data (2015 to 2019) measured at three stations (lkeja, Marina and Oshodi)
in Lagos, were collected from Nigerian NIMET. These data were used to derive one-minute
integration time rain integrity data. These rainfall statistics were recorded with a tipping bucket rain
gauge arrangement. Chebil and Rahman's proposed conversion model were used for the conversion
of the hourly data to one-minute equivalent rainfall rate values (Chebil & Rahman, 1999). The steps
are given below:
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CF60 = 0.772p %%* + exp ( —2.570 * p)
CFe0 = Rl(p)/RSO(p)
Ry, = CF60* Rgy(p

(1)
(2)
(3)

The rain rate conversion factor CF60 which can be defined as the ratio of rain rates R, at a given
percentage of time (p)with an integration time of 1min and 60min, respectively. This model has a
limitation 0f 0.001% < p <1.0%; henceif R, is known, then R, canbe calculated. ShowninTable 1is
the R, obtained after the conversion process for the three locations of interest.

% time
exceeded

Q

0.001

0.002

0.003

0.005

0.01

0.02

0.03

0.1

0.5

Ikeja
(mm/hr)

141.19

139.12

137.86

136.16

133.46

129.92

127.15

112.99

72.56

56.1

Marina
(mm/hr)

155.81

153.53

152.14

150.26

147.28

143.37

140.31

124.69

79.96

61.91

Oshodi

147.55

145.39

144.07

142.29

139.47

135.77

132.87

118.08

75.72

58.62

(mm/hr)

Table 1: One-minute rain rate for selected locations.
Thereafter, the rain rate at different time percentage were plotted and analysed using MATLAB
programming codes.

1. RESULTSAND DISCUSSION
From Figures 4.1 (a) and (b), it can be observed that there is a significant difference in the rain rate
exceedances at 12 and 23GHz for different percentages of time for the selected locations (lkeja,
Marina and Oshodi).
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FIG 4.1 Comparison of measured attenuation values against rainfall rate for the three different
locationsat (a) 12 GHz (b) 23 GHz

Marina, being coastal location, has the highest rain rate of 147mm/hr and attenuation of 20dB and
39dB for 12Ghz and 23Ghzrespectively at 0.01% when compared to lkeja and Oshodi.

Figures 4.2 (a) and (b) shows the plots of attenuation exceeded for ITU-R, SST and DAH prediction
models at 12GHz with varying rain rates and percentages of time exceeded, respectively.
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FIG 4.2 Comparison of attenuation values against (a) rainfall rate (b) percentage time for lkeja at
12GHz.

It shows that the ITU-R and DAH model almost intercepted between 128mm/hr to about 135mm/hr
rainfall rate and then continue to underestimate the measured attenuation values from 0.01% to
0.001% of time exceeding respectively, whereas SST model overestimated the measured
attenuation. it can be seen that DAH model results in least error percentage of 16%, 1.0%, and 41%
while it is 17.8%, 30%, 27% and 26%, 118%, 202% at 0.001%, 0.01%, and 0.1% of time exceeded,
respectively for ITU and SST respectively (see Table 4.2 inthe Appendix).

Shown in Figure 4.3 are the plots of attenuation values for the three prediction models at 23GHz with
varying rain rates and percentages of time exceeded, respectively.
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FIG 4.3 Comparison of attenuation values against (a) rainfall rate (b) percentage time for lkeja at 23
GHz.

It intercepted it between 0.1% and 1% exceedances and between 80mm/hr to about 90mm/hr
rainfall rate. From Table 4.3 in the Appendix, it can also be seen that ITU-R P.530-17 results in least
error percentage of 25%, 81.8%, and 70.3% while it is 28.6%, 86.7%, 75.4% and 55.5%, 192.8%,
363.8%; for DAH and SST model respectively, at 0.001%, 0.01%, and 0.1% of time exceeded,
respectively.

Figures 4.4 (a) and (b) are the plots of the attenuation values for the three selected prediction models
for Oshodi at 12GHz. It shows that the DAH model gave the closest approximation to measured
attenuation compared to the SST and ITU-R (see Table 4.4 in Appendix). It can be observed that DAH
resulted in the error percentages of 19%, 8.0%, and 35.6%, while itis 20.7%, 10.4%, 37.3% and 26.1%,
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106.8%, 168.6% for ITU-R and SST model respectively, at 0.001%, 0.01%, and 0.1% of time exceeded,
respectively.
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FIG 4.4 Comparison of attenuation values against (a) rainfall rate (b) percentage time for Oshodi at
12GHz
The plots of the attenuation exceedances for Oshodi at 23GHz are displayed in Figures 4.5 (a) and (b).
ITU-r and DAH prediction models intercepted the measurement between 0.1% and 1% % of time
exceeded (Figure 4.5 (b) and between 100mm/hrto about 110mm/hr rainfall rate (Figure 4.5 (a).
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FIG 4.5 Comparison of attenuation values against (a) rainfall rate (b) percentage time for Oshodiat 23GHz

The ITU-R gives the closest value to the measured attenuation compared to the DAH and the SST
model with percentage errors of 20.9%, 66.2%, and 42.7% while it is 23.8%, 70.7%, 47% and 53.2%,
173.1%, 295.3% for DAH and SST model respectively, at 0.001%, 0.01%, and 0.1%of occurrence,
respectively (aws shownin Table 4.5 inthe Appendix).
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FIG 4.6 Comparison of attenuation values against (a) rainfall rate (b) percentage time Marina at 12GHz
Figures 4.6 and 4.7 shows the plots of the attenuation exceedances for ITU-R, SST and DAH prediction
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models for Marina at 12 and 23GHz respectively. At 12GHz, DAH model gave the closest
approximation to measurement value between 140mm/hr to 155mm/hr rainfall rate and from 0.1%
to 0.01%, after which it continues to underestimate it (Figures 4.6 (a) and (b), respectively). Again,
from Table 4.6 (see Appendix), it was clear that DAH presented the least percentage errors of 18.1%,
8.0% and 36.2% against 19.8%, 10%, 37.9% and 32.1%, 114.1%, 173.7%; for ITU-R and SST models,
respectively, and at 0.001%, 0.01%, and 0.1% of times exceeded, respectively.

At 23GHz, the ITU-R model closely matched the measurement between 0.1% and 1% exceedances
and at about 94mm/hr rainfall rate (Figures 4.7 (a) and (b), respectively). The ITU-R P.530-17 gives the
closest value to the measured attenuation compared to the DAH and the SST model.
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FIG 4.7 Comparison of attenuation values against (a) rainfall rate (b) percentage time Marina at
23GHz
Finally, from Table 4.7 (see Appendix), ITU-R exhibited the least error percentage of 22%, 66% and
44%, while DAH and SST models presented 25%, 70.5%, 44% and 59%, 179.5%, 296.1%, respectively,
at0.001%, 0.01%, and 0.1% of times exceeded, respectively.

1. CONCLUSION

This paper presented the performance assessment of three popular rain attenuation prediction
models for three different locations in Lagos, Nigeria, at 12 and 23GHz. It was observed that at
different frequencies, different models gave the closest prediction model to the measured
attenuation. The DAH model gave the closest prediction value to the measured rain attenuation for
12GHz between 0.001% to 0.1% of time exceedances and with percentage errors of 1.0%, 8.0% and
8.0% within Ikeja, Oshodiand Marina respectively at 0.01% of time exceeded.

However, at 23GHz, the ITU-R prediction model out-performed DAH and SST models, with
percentage errors of 81.8%, 66.2%, 66% for for Ikeja, Oshodi and Marina respectively at 0.01%
percentage of time.

Furthermore, Marina, the coastal location was found to experience higher rain attenuation
compared to the non-coastal areas (Oshodi and lkeja). This can be seen in the performances
exhibited by the selected predicted models (ITU-R, DAH and SST) at both 12 and 23GHz, which shows
adecreasein the attenuation values from Marina to Oshodi, and Oshodi to lkeja.

Again, according to Recommendation ITU-R. P.311-15 (ITU-R, 2015), the prediction method that
produces the smallest values of the statistical parameters is selected and thus recommended as the
best prediction model. Hence, the ITU-R prediction model is the best of the three models under
investigation.
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APPENDIX

Table 4.2: Comparison of mean error, standard deviation, and RMS for lkeja at 12GHz
%ot | 5001 | 0002 | 0003 | 0005 | 001 0.02 0.03 0.1 0.5 1
time

Parameter | Models
DAH -0.016 -0.01 -0.006 | -0.002 | -0.001 | -0.001 | -0.002 | -0.026 | - 0.065 | -0.041

MEAN ITU_R -0.018 | -0.012 | -0.008 | -0.005 [ -0.003 | -0.004 | -0.001 | -0.028 | -0.066 | -0.043
SST 0.0269 | 0.0472 | 0.0631 | 0.0855 | 0.1181 | 0.1569 | 0.1954 | 0.2023 | 0.1155 | 0.4216

DAH 0.0211 | 0.0246 | 0.0258 | 0.0264 | 0.0265 | 0.0264 | 0.0264 | 0.0060 | 0.0597 | 0.0313
STD ITU_R | 0.0209 | 0.0248 | 0.0263 | 0.0271 | 0.0273 | 0.0272 | 0.0275 | 0.0038 | 0.0603 | 0.0326
SST 0.1777 | 0.1734 | 0.1683 | 0.1581 | 0.1355 | 0.0877 | 0.0768 | 0.0929 | 0.1377 | 0.3814
DAH 0.0138 | 0.0225 | 0.0251 | 0.0263 | 0.0265 | 0.0264 | 0.0264 | 0.0251 | 0.0885 | 0.0516
RMS ITU_R | 0.0110 | 0.0217 | 0.0250 | 0.0267 | 0.0272 | 0.0270 | 0.0275 | 0.0279 | 0.0896 | 0.0538
SST 0.1757 | 0.1669 | 0.1560 | 0.1330 | 0.0664 | 0.1301 | 0.2099 | 0.2226 | 0.0750 | 0.5685
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Table 4.3: Comparison of mean error, standard deviation, and RMS for lkeja at 23GHz

%oftime | 0.001 | 0.002 | 0.003 [ 0.005 | 001 [ 002 | 003 | 01 | o5 [ 1 |
Parameter Models

DAH 0.0286 | 0.0485 | 0.0601 | 0.0734 | 0.0867 | 0.0952 | 0.1013 | 0.0754 | 0.0029 | 0.0024
MEAN ITU_R 0.0255 | 0.0448 | 0.0561 | 0.0689 | 0.0818 | 0.0898 | 0.0956 | 0.0703 | -0.0003 | -0.001
SST 0.0555 | 0.0876 | 0.1104 | 0.1430 | 0.1928 | 0.2514 | 0.2968 | 0.3638 | 0.3084 | 0.4813

DAH 0.0605 | 0.0460 | 0.0292 | 0.0302 | 0.0553 [ 0.0677 | 0.0761 | 0.0349 | 0.0668 | 0.0668
STD ITU_R 0.0574 | 0.0439 | 0.0281 | 0.0284 | 0.0524 | 0.0642 | 0.0722 | 0.0316 | 0.0628 | 0.0628

SST 0.2569 | 0.2478 | 0.2385 | 0.2206 | 0.1786 | 0.0769 | 0.1378 | 0.2515 | 0.1613 | 0.4031
DAH 0.0533 | 0.0153 | 0.0526 | 0.0793 | 0.1029 | 0.1168 | 0.1266 | 0.0831 | 0.0667 | 0.0668
RMS ITU_R 0.0514 | 0.0089 | 0.0486 | 0.0745 | 0.0971 | 0.1104 | 0.1198 | 0.0770 | 0.0628 | 0.0627
SST 0.2509 | 0.2319 | 0.2114 | 0.1679 | 0.0727 | 0.2393 | 0.3272 | 0.4423 | 0.3481 | 0.6278

Table 4.4: Comparison of mean error, standard deviation, and RMS for Oshodi at 12GHz.

% of
time

0.001 0.002 0.003 0.005 0.01 0.02 0.03 0.1 0.5 1

Parameter | Models
DAH -0.019 -0.014 -0.011 -0.008 | -0.008 | -0.011 | -0.0097 | -0.036 | -0.071 | -0.065
MEAN ITU_R -0.0207 | -0.0157 | -0.0128 | -0.0103 | -0.010 | -0.013 | -0.012 | -0.037 | -0.072 | -0.066
SST 0.0261 0.0447 | 0.0591 | 0.0789 | 0.1068 | 0.1386 | 0.1687 | 0.1686 | 0.0856 | 0.2192
DAH 0.0280 0.0309 | 0.0321 | 0.0328 | 0.0328 | 0.0321 | 0.0324 | 0.0110 | 0.0621 | 0.0551
STD ITU_R 0.0281 0.0311 | 0.0325 | 0.0333 | 0.0333 | 0.0324 | 0.0328 | 0.0131 | 0.0624 | 0.0556
SST 0.1219 0.1163 | 0.1097 | 0.0965 | 0.0642 | 0.0607 | 0.1137 | 0.1136 | 0.0906 | 0.1803
DAH 0.0207 0.0276 | 0.0302 | 0.0318 | 0.0318 | 0.0303 | 0.0309 | 0.0372 | 0.0941 | 0.0849

RMS ITU_R 0.0190 0.0269 | 0.0299 | 0.0317 | 0.0317 | 0.0298 | 0.0305 | 0.0395 | 0.0949 | 0.0860
SST 0.1190 0.1074 | 0.0925 | 0.0555 | 0.0854 | 0.1513 | 0.2035 | 0.2034 | 0.0297 | 0.2839

Table 4.5: Comparison of mean error, standard deviation, and RMS for Oshodi at 23GHz
%oftime | 0.001 | 0.002 | 0.003 | 0.005 [ 0.01 | 002 [ 0.03 0.1 0.5 1

Parameter | Models
DAH 0.0238 | 0.0413 | 0.0511 | 0.0616 | 0.0707 | 0.0742 | 0.0762 | 0.0470 | -0.019 | -0.033

MEAN ITU_R 0.0209 | 0.0378 | 0.0473 | 0.0574 | 0.0662 | 0.0694 | 0.0713 | 0.0427 | -0.022 | -0.035
SST 0.0532 | 0.0825 | 0.1029 | 0.1312 | 0.1731 | 0.2196 | 0.2539 | 0.2953 | 0.2252 | 0.2862
DAH 0.0479 | 0.0340 | 0.0159 | 0.0304 | 0.0462 | 0.0514 | 0.0542 | 0.0256 | 0.0499 | 0.0422

STD ITU_R 0.0457 | 0.0330 | 0.0168 | 0.0278 | 0.0431 | 0.0479 | 0.0506 | 0.0264 | 0.0453 | 0.0359
SST 0.1928 | 0.1822 | 0.1715 | 0.1509 | 0.1002 | 0.0908 | 0.1564 | 0.2173 | 0.1035 | 0.2048

DAH 0.0416 | 0.0235 | 0.0486 | 0.0687 | 0.0844 | 0.0902 | 0.0935 | 0.0394 | 0.0461 | 0.0263
RMS ITU_R 0.0406 | 0.0186 | 0.0442 | 0.0638 | 0.0790 | 0.0844 | 0.0874 | 0.0335 | 0.0397 | 0.0077

SST 0.1853 | 0.1624 | 0.1372 | 0.0745 | 0.1411 | 0.2376 | 0.2981 | 0.3667 | 0.2479 | 0.3519

Table 4.6: Comparison of mean error, standard deviation, and RMS for Marina at 12GHz
% of
time
Parame | Models

ter

0.001 0.002 0.003 0.005 0.01 0.02 0.03 0.1 0.5 1

DAH -0.018 | -0.013 | -0.0101 | -0.008 | -0.0080 | -0.011 | -0.010 | -0.036 | -0.0711 | -0.0673
MEAN ITU_R -0.02 -0.015 | -0.0121 | -0.020 | -0.0101 | -0.013 [ -0.013 | -0.038 | -0.0719 | -0.0682
SST 0.0321 | 0.0513 | 0.0659 | 0.0860 | 0.1141 | 0.1457 | 0.1753 | 0.1737 | 0.0878 0.2029
DAH 0.0293 | 0.0318 | 0.0329 | 0.0335 | 0.0335 | 0.0327 | 0.0328 | 0.0113 | 0.0622 0.0578
STD ITU_R 0.0294 | 0.0321 | 0.0333 | 0.0340 [ 0.0339 [ 0.0330 | 0.0331 | 0.0134 | 0.0626 0.0583
SST 0.1221 | 0.1154 | 0.1077 | 0.0924 | 0.0540 | 0.0727 | 0.1216 | 0.1193 | 0.0908 0.1589

DAH 0.0230 | 0.0290 | 0.0313 | 0.0327 | 0.0325 | 0.0308 | 0.0312 | 0.0379 | 0.0945 0.0887

RMS ITU_R 0.0217 | 0.0284 | 0.0310 | 0.0326 | 0.0324 [ 0.0303 | 0.0307 | 0.0401 | 0.0953 0.0897
SST 0.1178 | 0.1034 | 0.0852 | 0.0337 | 0.1006 | 0.1628 | 0.2133 | 0.2107 | 0.0233 0.2577
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Table 4.7 Comparison of mean error, standard deviation, and RMS for MARINA at 23GHz

% of time | 0.001 | 0.002 [ 0.003 | 0005 | 001 | 002 | 003 | 01 | o5 [ 1
Parameter Models
DAH 0.0250 | 0.0423 | 0.0519 | 0.0620 | 0.0705 [ 0.0731 | 0.0743 | 0.0442 | -0.022 | -0.037
MEAN ITU R | 0.0220 | 0.0388 | 0.0481 | 0.0579 | 0.0660 | 0.0684 | 0.0695 | 0.0400 | -0.024 | -0.039
SST 0.0591 | 0.0889 | 0.1095 | 0.1380 | 0.1795 | 0.2252 | 0.2583 | 0.2961 | 0.2211 | 0.2686
DAH 0.0473 | 0.0327 [ 0.0128 | 0.0314 | 0.0459 | 0.0498 | 0.0517 | 0.0301 | 0.0489 | 0.0384
STD ITU R | 0.0452 | 0.0319 | 0.0144 | 0.0287 | 0.0428 | 0.0464 | 0.0481 | 0.0304 | 0.0441 | 0.0314
SST 0.1913 [ 0.1794 | 0.1676 | 0.1451 [ 0.0885 | 0.1031 | 0.1632 | 0.2181 | 0.0939 | 0.1791
DAH 0.0402 | 0.0269 | 0.0503 | 0.0695 | 0.0841 | 0.0884 | 0.0905 | 0.0323 | 0.0438 | 0.0096
RMS ITU R [ 0.0394 | 0.0222 | 0.0459 | 0.0646 | 0.0786 | 0.0826 | 0.0845 | 0.0260 | 0.0368 | 0.0234
SST 0.1819 | 0.1558 | 0.1268 | 0.0448 | 0.1562 | 0.2476 | 0.3055 | 0.3677 | 0.2402 | 0.3228
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