
Edelweiss Applied Science and Technology 
ISSN: 2576-8484 
Vol. 9, No. 8, 989-1001 
2025  
Publisher: Learning Gate 
DOI: 10.55214/2576-8484.v9i8.9523 
© 2025 by the authors; licensee Learning Gate 

© 2025 by the authors; licensee Learning Gate 
History: Received: 13 June 2025; Revised: 1 August 2025; Accepted: 4 August 2025; Published: 19 August 2025 
* Correspondence:  elisayrot@gmail.com 

 
 
 
 
 

Dynamical characterization of rainfall structure and induced-attenuation 
over coastal regions of south Africa for earth-space links applications 

 
Elijah Olusayo Olurotimi1*, Kingsley Ogudo2, Akintunde Alonge3 
1,2,3Department of Electrical and Electronic Engineering Technology, University of Johannesburg, South Africa; 
elisayrot@gmail.com (E.O.O.). 

 

Abstract: Rainfall structure characterization and the corresponding induced attenuation are crucial for 
accurately predicting signal outages in Earth-space propagation links, hydrology, and meteorology. 
This paper analyzes five years of data on 60-minute integrated rainfall collected from the South African 
Weather Service across three coastal locations in the Republic of South Africa, with applications in radio 
wave communication. The study employs recommendations from the International Telecommunication 
Union Radiocommunication Sector to convert higher 60-minute integration data to 1-minute intervals 
and to determine the rain height necessary for predicting rain-induced attenuation in Earth-space links. 
The results confirm that oceanic currents influence rainfall structure at these locations. The derived 1-
minute rainfall rates correspond to different percentages of time, including the lower percentage of 
0.01% for internet access and the even lower percentage of 0.001% required for multimedia applications. 
The 0.01% time percentage was used to verify rain-induced attenuation at higher frequency bands, 
emphasizing the importance of precise rainfall characterization for reliable communication system 
design and meteorological analysis. 
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1. Introduction  

The growing proliferation of communication networks has created congestion in lower frequency 
bands, leading system designers to investigate higher frequencie [1-10].  Rainfall is the most common 
source of attenuation at higher frequencies, especially in tropical and subtropical locations, and it can 
considerably affect system performance [1, 11-16]. Understanding rainfall parameters and their impact 
on microwave signal attenuation is critical for maximizing system capacity while meeting quality and 
reliability standards [1]. High-resolution and accurate rainfall rate information from several sites is 
critical in designing and evaluating the microwave systems (both terrestrial and satellite). The rainfall 
rate is the primary parameter that attenuates microwave signals and significantly impacts the 
telecommunications services delivered [17-21].   

As a result, understanding rainfall structure and attenuation over any location of interest is critical 
for adequately planning reliable microwave communication systems. Rain attenuation predictions 
require a 1-minute integration of rainfall rate data. This 1-minute rainfall is also necessary for various 
other activities and applications, including space vehicles, aerospace, and radar systems [22-24]. In 
observing the 1-minute rainfall rate, the combination of rainfall structure and attenuation characteristics 
is critical because of the variability in the advancing pattern of digital interactions via communication 
satellites functioning at higher frequencies [17]. However, the rainfall rate and attenuation data 
necessary at specific sites are limited, necessitating the development of models to estimate the location 
dependence of rainfall rate and attenuation. 

This study evaluates rainfall structure and attenuation across three South African coastal cities 
using the South African Weather Service’s 5-year (2016-2020) 60-minute integrated rainfall data [25]. 
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Numerous studies have been conducted on rainfall-related topics, such as generating a conversion factor 
using rain sizing at a specific place [26], developing rainfall rate contour maps from 5 minutes to 1 
minute [27], and developing rain attenuation contour maps throughout South Africa [28]. However, 
the rainfall structure has not been defined across the country, necessitating the need for this study. 

The remaining sections of the paper discussed South Africa’s coastal climates, the source of the data, 
and the methods used in the work, where International Telecommunication Union-Radiocommunication 
(ITU-R) models were extensively used in converting higher integration times of the rainfall data to 1-
minute as required for accurate rain attenuation for terrestrial and Earth-space satellite links. This work 
focuses solely on rain attenuation of Earth-space links, and the methods are presented. The findings 
were also given, and we concluded the work. 
 

2. South African Coastal Climate, Data Source and Methods 
In these sections, we discussed the climates of the selected locations, source of data, and methods.  

 
2.1. South African Coastal Climate 

The Republic of South Africa's coastal climate has a unique climatic characteristic that has far-
reaching consequences for the economy, the environment, and population well-being. It moves along the 
southern hemisphere's coastline and is influenced by the chilly Benguela and warm Agulhas Currents, 
which flow west and east. It can also be separated into three coasts: west, south, and east. South Africa, a 
subtropical country, receives yearly precipitation, primarily rainfall. This fluctuating climate uniqueness 
is the primary subject of this research, particularly satellite propagation studies.  

Durban, Gqeberha, and Cape Town were chosen as the three locations because of their vibrant, 
appealing, and heavily populated traits and their different and diverse climates, which reflect the 
Republic's general climate. These cities are spread across the Republic's coastline on two different world 
oceans (the Atlantic and the Indian), each with its distinct climate. Furthermore, each year, the cities 
draw millions of travellers and consumers who use satellite communications to access services. Durban, 
one of the province's major cities (KwaZulu-Natal), is noted for its magnificent beaches and rich cultural 
heritage. It is on the Republic's east coast, near the Indian Ocean. Summers in the city are typically 
temperate and humid, while winters are warm. Gqeberha is the Eastern Cape province's largest city and 
main seaport. It is situated on the Republic's southern coast, near the western part of Algoa Bay. The 
city enjoys a warm, oceanic climate. Cape Town is well known for its historical significance and status 
as the legislative capital. It is situated on the Republic's southern coast, between the Atlantic Ocean and 
the renowned Table Mountain, and has wet winters and dry summers. Table 1 provides more 
information on the study's location. 
 
Table 1.  
Geographical features of the selected coastal locations. 

City Latitude (oS) Longitude (oE) Climatic Region Altitude(m) Elevation Angle(o) 

Durban 29o 97’ 30o 95’ Coastal Savannah 8 38.4 
Gqeberha 33o 57’ 25o 36’ Oceanic 60 33.3 

Cape Town 33o 58’ 18o 36’ Mediterranean 42 26.4 

 
2.2. Data Source 

This investigation relied on the South African Weather Service (SAWS) data. The National 
Meteorological Service, Republic of South Africa [25], is a government agency that provides important 
weather information such as weather reports, climate monitoring, alerts and forecasts. The consistency 
and reliability of SAWS data is a critical condition for using the agency’s meteorological data. This 
reliance on SAWS data connects us to a more extensive network of researchers who rely on its accuracy. 
SAWS measures meteorological features using automated weather stations (AWS) equipped with a 
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range of electronic sensors, such as tipping bucket rain gauges for measuring rainfall and have been 
validated based on different metric measures [29, 30]. The AWS automatically records meteorological 
information and sends it at regular 60-minute integration intervals, guaranteeing that the rainfall data 
utilized in our study is valid for five years (2016-2020).  
 
2.3. Overview of ITU-R Recommendations  

The ITU-R recommendations are internationally recognized standards for radiocommunication 
systems developed by the International Telecommunication Union's (ITU) Radiocommunication sector, 
which oversees the international radio-frequency spectrum, geostationary satellites, and developing 
global radiocommunication standards. They discussed system characteristics, measurements, 
methodologies, and other technical information relevant to the operation and development of 
radiocommunication systems. Each piece of advice includes one or more methods for reaching a specific 
goal, and radiowave propagation is crucial. This work employs a variety of long-range radiowave 
propagation rules, which are the models necessary when no local model has been developed. The models 
are as follows.  
 
2.3.1. Recommendation 837-7 (ITU-R Rec. P. 837-7) 

This recommendation is the model that caters for the conversion of rainfall rate distribution from 
higher time to 1-minute integration time which is required in determining accurate rain attenuation. It 
falls within the category of empirical models known as Global ITU-R Rec. P.837-7 [31]. The model 
depends on the connection between the equiprobable rainfall rates estimated from an integration time of 

𝑇 and of 1-minute, respectively, and expressed as: 

𝑅1(𝑃) = 𝑎(𝑇)𝑅𝑇(𝑃)𝑏(𝑇)           (1) 

where 𝑅1(𝑃)and 𝑅𝑇(𝑃) are the dependent integration times, while 𝑃 is the common probability 

level, with coefficients 𝑎(𝑇)and b(𝑇) as provided by [32], as the average obtained by power law 
regression over a multiple database measurements from different regional climatic countries [33]. 
 
2.3.2. Recommendation 839-4 (ITU-R Rec. P. 839-4) 

Rain height, ℎ𝑅 , is one of the important parameters to determine rain attenuation. The ITU-R 
recommended this technique and developed it in connection to the 0o C isotherm level by ITU-R P.839-
4. It is provided for many climate locations across the world when there is no specific or restricted 
information. This section only considers the technique linked to the Southern Hemisphere climate. The 

ℎ𝑅 can be estimated by the mean 0o C isotherm height, ℎ𝑜, represented in equation (2) and (3) both in 
km [34, 35]: 

ℎ𝑜 = 5 + 0.1(𝜑 +  21)   for −71 ≤  𝜑 < −21  (2) 

ℎ𝑅 = ℎ𝑜 + 0.36     (3) 

where φ is the latitude in degrees.  
 
2.3.3. Recommendation 618-11 (ITU-R Rec. P. 618-11) 

This work employed a long-term statistical method to estimate slant-path rain attenuation at a 
specified location for frequencies up to 55 GHz, as suggested by [36]. Figure 1 presents the schematic 
of the Earth-space path and its parameters. The steps required are as follows: 
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Figure 1. 
The Earth-space path [36]. 

 

Step 1: Evaluation of ℎ𝑅, using (3); determination of slant-path, 𝐿𝑠 for   5° along with its 

horizontal projection, 𝐿𝐺 with the expressions in (3 and 4)  

𝐿𝑠 =
(ℎ𝑅−ℎ𝑠)

sin θ
                                                                                              (4) 

𝐿𝐺 =  𝐿𝑠cosθ                                                           (5) 
Step 2: Computation of the rainfall rate exceeded 0.01%, R0.01, at 1-minute integration time for 

an average year from section 2.3.1. 

Step 3: Computation of the specific attenuation (dB/km), R, using the frequency-dependent 

constant coefficients k and α in [37] with R0.01 computed in Step, using (6): 

𝛾𝑅 = 𝑘(𝑅0.01)𝛼                  (6) 
Step 4: Determination of the horizontal reduction and vertical adjustment factors, r0.01 and v0.01 

in (7 and 8) for 0.01% exceedance: 

𝑟0.01 =
1

1+0.78√
𝐿𝐺𝛾𝑅

𝑓
−0.38(1−𝑒−2𝐿𝐺)

                  (7) 

Step 5: The factor, , computation for 0.01% of the time  

 =  tan−1 (
ℎ𝑅−ℎ𝑠

𝐿𝐺 𝑟0.01
)   degrees 

For  > ,  

𝐿𝑅 =  
𝐿𝐺𝑟0.01

cos θ
  

Else,      𝐿𝑅 =  
ℎ𝑅− ℎ𝑠

sin θ
 

If || < 36°,             = 36 – |  |              degrees 

Else,       = 0             degrees 

𝑣0.01 =
1

1+ √sin 𝜃(31(1−𝑒−(θ/(1+𝜒)))√
𝐿𝐺𝛾𝑅

𝑓2 −0.45)
                        (8) 

Step 6: The effective path-length is: 

     𝐿𝐸 =  𝐿𝑅𝑣0.01           km           (9) 
Step 7: The attenuation exceeded by 0.01% prediction of an average year can be obtained from: 

     𝐴0.01 = 𝛾𝑅𝐿𝐸            dB             (10) 
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Step 8: The estimation of the attenuation exceeded for the remaining percentages of an average year, 
ranges from 0.001% to 5%, can be estimated from the expressions in (10): 

If p < 1% and || < 36° and   25°:   = –0.005(|| – 36) 

If p  1% or ||  36°:     = 0 

Otherwise:       = –0.005(|| – 36) + 1.8 – 4.25 sin  

𝐴𝑝 = 𝐴0.01 (
𝑝

0.01
)

−(0.655 + 0.033 ln(𝑝) −0.045 ln(𝐴0.01)−𝛽(1−𝑝) sin 𝜃)
  dB  (11) 

Also, the parameters attributed to Figure 1 are ℎ𝑠 as the height above mean sea level of the earth 

station (km); 𝑅0.01 is the point rainfall rate for the location of interest of an average year (mm/h) at 

0.01%;  is the elevation angle; φ is the latitude of the earth station measures in degrees; and 𝑓 (GHz) is 
the frequency. All these parameters are utilized in this work. 
 

3. Results and Discussion 
The results of the higher integrated time rainfall measured in 60-minute intervals, its conversion to 

1-minute and rain-induced attenuation were discussed in this section. 
 
3.1. Rain Rate Distribution 

Coastal locations are characterized as areas with high yearly rainfall. Understanding the rainfall rate 
over each year is crucial as the selected locations of this study are characterized by the type of oceanic 
currents experienced over the locations. Table 2 presents the annual accumulated rainfall rate (mm) 
observed from 2016 to 2020. We generally observed some annual variations across the locations with a 
particular location trend where the highest rainfall rate was recorded over Durban, followed by 
Gqeberha and Cape Town, recorded the least with 5-year averages of about 1001.68, 469.12 and 357.26 
mm, respectively. It can be observed that Durban recorded its highest in 2016, followed by 2017, 2020, 
2019, and 2018, which recorded the lowest. Gqeberha rainfall was different, with the highest recorded in 
2020, followed by 2017, 2016, and 2018 and the lowest in 2019. However, Cape Town recorded its 
variation with the highest in 2018, followed by 2016, 2020, and 2019 and lowest in 2017. The 
dissimilarities of the rate over the locations may be due to the types of climates, influence of oceanic 
currents and geographical locations. 
 
Table 2.  
Annual accumulated rainfall rate. 

 2016 2017 2018 2019 2020 5-yr Average 
Durban 1242.6 1093.6 672.4 935.2 1064.6 1001.68 

Gqeberha 443.4 495 406.2 402.4 598.6 469.12 
Cape Town 385.2 280.8 414 325.4 380.9 357.26 

 
Figure 2 presents the 60-minute yearly cumulative distribution comparing the three study locations. 

The general observation here is that the rainfall rate in Durban recorded higher values than in other 

locations. Not all rainfall rates over all locations reached the point rainfall rate 𝑅0.01 at 0.01% required 
for rain attenuation stats. For instance, in Figure 2(a), Durban achieves approximately 0.01%, Gqeberha 
could only attain 0.023%, and Cape Town attains 0.03%. In Figure 2(b, c and f), both Durban and 
Gqeberha attained 0.01%, while Cape Town attained 0.08%, 0.07% and 0.03%, respectively. Only 
Gqeberha attained 0.01% in Figure 2(d), while Durban and Cape Town attained 0.02%. Also, Figure 2(e) 
shows that the three locations attain 0.01%. This indicates the need for a 1-minute rainfall rate to 
determine the accurate rainfall rate over any location of interest. 
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Figure 2.  
Annual comparison of 60-minute rainfall rate cumulative distribution over (a) 2016, (b) 2017, (c) 2018, (d) 2019, (e) 2020 and (f) 
5-year average. 
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3.2. Dynamic Variability of Rainfall Events 
Understanding the rainfall rate over a certain threshold is critical for designing radio transmission 

and satellite systems. Figure 3 depicts the frequency of exceedance and rainfall thresholds at the three 
sites. Twenty-three thresholds with rainfall rates ranging from 0.2 to 70 mm/h were used. The findings 
showed that Durban had a higher frequency of rainfall across all thresholds than Gqeberha, while Cape 
Town had the lowest. Also, the decreasing rainfall rate had a substantial impact on the thresholds. The 
phenomena in Durban and Cape Town could be related to unique currents influencing rainfall rates in 
Durban, resulting in increased thresholds. The findings revealed that a higher threshold indicates that 
the system availability will not meet the required criteria unless an additional buffer is incorporated. 
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Figure 3.  
Thresholds of rainfall rate over (a) 2016, (b) 2017, (c) 2018, (d) 2019, and (e) 2020. 
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3.3. Annual Comparison of 1-Minute Cumulative Rainfall Rate Distribution 
Figure 4 demonstrates the annual variability of 1-minute rainfall rate distribution over the three 

locations using the model from section 2.3.1. Most distributions achieved the required lower percentage 
of time (0.01%), while few attained the lowest percentage 0.001% of time. Also, the trend shows that the 
lower the rainfall rates, the higher the percentage of time and the higher the rainfall rate, the lower the 
percentage of time. In Figure 4(a), the highest rainfall rate of about 118.9 mm/h was observed in 
Durban, while the same rates of about 22.2 m in Gqeberha and Cape Town, although the lowest 
percentage of times are different, which was about 0.001, 0.003, and 0.005%, respectively. However, at 
the lower percentage of 0.01%, the rainfall observed is about 45.2, 12.0 and 12.6 m over Durban, 
Gqeberha and Cape Town, respectively. In Figure 4(b and c), a similar trend was observed as both 
Durban and Gqeberha attained the lowest and lower percentages (0.001 & 0.01%) while Cape Town 
attained 0.02% and 0.012%, respectively. Figure 4(d and f) show a similar trend. Only Gqeberha attained 
the lowest percentage of 0.001%, and Durban and Cape Town exceeded the lower percentage of 0.01%; 
the values observed at 0.01% are also similar. Figure 4(e) shows the three locations attained the lowest 
percentage of 0.001% with the rainfall rate at 33.14 mm/h for both Durban and Gqeberha, while in Cape 
Town, the rainfall rate was 22.19 mm/h; at a lower percentage of time (0.01%), the rainfall rates are 
25.0, 7.5 and 8.2 mm/h over Durban, Gqeberha and Cape Town, respectively. This information is 
crucial in designing high-frequency communication systems over these locations. 
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Figure 4.  
Annual comparison of 1-minute rainfall rate cumulative distribution over (a) 2016, (b) 2017, (c) 2018, (d) 2019, 
(e) 2020 and (f) 5-year average. 

 
3.4. Attenuation on Earth-Space Links 

Figure 5 presents the cumulative rain-induced attenuation distribution from the point rainfall rate 
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Figure 5.  
(a) Ku band and (b) Ka band over the three locations of the study. 
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4. Conclusion 
This article evaluates rainfall structure and attenuation across three South African coastal areas. 

The study depicts annual fluctuations in accumulated rainfall rate, measured 60-minute rainfall rate, 
threshold rainfall observed, 1-minute anticipated integration time, and predicted rain-induced 
attenuation across three locations. The annual rainfall rate measured demonstrates fluctuations driven 
by oceanic currents over time, with Durban receiving more rainfall than Gqeberha and Cape Town 
receiving the least during the study period. Other components of the investigation revealed similar 
influences on oceanic currents. The findings of this study will be essential for satellite system engineers 
who are reviewing and constructing microwave transmission communication systems with high data 
rates and speeds.  
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