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Abstract—This paper  presents the cumulative distr ibutions 
of rainfall rate for  four  different climatic rain zones in 
South Afr ica. These climatic rain zones N, M, P and Q has 
been proposed from a 5-year  (2000-2004) locally observed 
rain rate data in South Afr ica as against the ITU-R zones 
of C, D, E, K and N in a previous paper . The cumulative 
distr ibutions of rain which is specified on a percentage of 
time basis, that is,  the percent of time rain rate exceeds or  
equals a specific value is used in the rain attenuation 
prediction. Using the ITU-R rain attenuation prediction 
model, the cumulative distr ibutions of rain attenuation at 
different percentages of time for  an average of five years 
at 19.5 GHz for  the four  different rain zones are 
determined in South Afr ica. 
 
Using signal level measurements taken in Durban (in  the 
P climatic rain zone in South Afr ica) over  a per iod of one 
year  (2004) at 19.5 GHz on a 6.73-km link,  an empir ical 
model for  predicting rain attenuation for  ter restr ial radio 
link systems is proposed for  each month in the year . This 
is then compared with other  established attenuation 
models: ITU-R model, Crane Global model and 
Moupfouma model. These predicted attenuation models 
for  each month are then analysed and tested using 
different statistical tools. 

 
Index Terms—Cumulative distr ibution, Climatic rain zone, 

Rain attenuation, Attenuation model 

I. INTRODUCTION 

ttenuation due to rain is a primary cause of 
communication impairment on radio propagation paths. It 
is indeed the single most significant factor that can affect 

the performance of radio systems above a certain threshold of 
frequency [1], [2]. Knowledge of rain attenuation at this 
frequency threshold is desirable in the planning of reliable 
radio communication system at any location. This will be 
more crucial in tropical regions because of their high intensity 
rainfall and larger rain drop-size [2]. 
 
Because of the time varying nature of rain which varies from 
location-to-location and from year-to year, there is a particular 
need for accurate propagation predictions in a particular 
region. Over-prediction of a propagation effect can result in 
costly over-design of a system. On the hand, under-prediction  
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can result in a system that is unreliable [3]. The estimate of 
rain attenuation on a terrestrial radio path can be obtained 
directly through measurement or predicted from the accurate 
 knowledge of rain rate, drop-size distribution and other 
relevant parameters observed in the geographical area 
considered [4]. 
 
In recent years there has been a growing demand for methods 
of predicting cumulative distributions of rain attenuation to be 
expected on microwave radio links at arbitrary locations on 
the globe [5]. The majority of methods for predicting rain 
attenuation, such as those of Fedi [6], Crane [7, 8], Lin [9], 
Moupfouma [10] and CCIR now ITU-R [10] utilize the 
observed cumulative probability distribution of low 
integration time (<5 minutes) rain rate. However, due to a 
paucity of long-term rain rate data, annual rain rate 
distributions can not be directly obtained for the majority of 
locations on the globe, including the southern Africa 
subcontinent region [5]. Attempts have also been made to use 
classification into climatic rain zones on a worldwide basis to 
extend existing data to a wider range of situations. However, 
most of the measurements in the databases have been made in 
northern hemisphere temperate zones. Much evidence 
suggests that in tropical and equatorial zones, the factors that 
make important contributions to propagation impairments are 
different [11]. 
 
To meet the Southern African requirement, the cumulative 
distribution of rainfall-rate in South Africa has been estimated 
using 1-hour rainfall rate statistics measured by the South 
African Weather Services (SAWS) in 12 different 
geographical locations for the year 2000-2004 in a previous 
paper [12]. This rain data has been processed and converted to 
the ITU-R recommended 1-minute integration time rain rate at 
0.01% exceedance value for South Africa [12, 13].  The paper 
also proposes new South Africa rain climatic zones as N, M, P 
and Q, as opposed to the ITU-R classification of E, D, K, L, 
M, and N [14] which was determined from the measured local 
rain rate data at 01.0R  in the 12 different locations [12], [13]. 

 
For the purpose of this paper, the cumulative distributions 
(CDs) of a 1-minute integration time rain rate averaged over a 
period of five years (2000-2004) for four different climatic 
rain zones will be determined for South Africa. Consequently, 
the cumulative distributions (CDs) of rain attenuation at 19.5 
GHz will be estimated in these climatic rain zones by using 
the ITU-R model [15]. A signal attenuation measurement 
undertaken by Naicker et al [16] in 2004 (at 19.5 GHz with a 
propagation path length of 6.73 km) in Durban (which lies in 
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the P climatic rain zone) was utilized to propose an empirical 
model for predicting rain attenuation for terrestrial radio link 
systems for each month in the year. This model is then 
compared with other established attenuation models: ITU-R 
model, Crane Global model and Moupfouma model, for an 
effective path length of 6.73 km. These attenuation prediction 
models for each month are then analysed and tested using 
different statistical tools. 
 

II. CUMULATIVE DISTRIBUTION OF RAINFALL RATE FOR 

DIFFERENT CLIMATIC RAIN ZONE 

The different climatic rain zones and the geographical 
locations in South Africa that falls within the 4 zones are 
shown in Table I. For the purpose of this paper, only four 
locations that lie within these rain zones will be explicitly 
discussed, namely: N zone (Cape Town), M zone (Brandvlei), 
P zone (Durban), and Q zone (Pretoria). The cumulative 
distribution (CDs) of a 5-year 1-min rainfall rate for these rain 
zones in South Africa are shown in Fig 1. The cumulative 
distribution is based on rain rate and percentages of time; the 
higher the rainfall rate the lower the corresponding percentage 
of time recorded, while the lower the rainfall rate the higher 
the percentage of time. 
 
For Cape Town  which is found in the Mediterranean region 
of South Africa, it was observed that at the higher time 
percentage of 0.1% the rain rate is 37.95 mm/h while at the 
lower time percentage of 0.01% the rain rate is 78.60 mm/h. 
The rain rate difference at higher and lower time percentage is 
40.65 mm/h. Brandvlei which is found in the desert region, at 
higher percentage of 0.1% the rain rate is 25.19 mm/h, while 
at the lower time percentage of 0.01%, it is 67.02 mm/h. The 
rain rate difference between the higher and lower time 
percentages is 41.83 mm/h, and this is close to the difference 
in Cape Town. 
 
For Durban in the P rain zone and in the eastern coastal region 
of South Africa, it is observed that at a higher time percentage 
of 0.1%, the rain rate recorded is 68.98 mm/h; while for the 
lower time percentage 0.01%, the rain rate is 138.83 mm/h. 
Therefore, the rain rate for time percentage difference 
between 0.1% to 0.01% is 69.85 mm/h. In the case of Pretoria 
in the temperate climatic region, the distribution shows that at 
0.1% the rain rate is 61.07 mm/h and 0.01% has 114.90 mm/h. 
The rain rate difference between 0.1% and 0.01% of the time 
is 53.83mm/h.  
 

III. CUMULATIVE DISTRIBUTION OF RAIN ATTENUATION FOR 

CLIMATIC RAIN ZONES IN SOUTH AFRICA 

From the cumulative distributions of rain, which is specified 
on a percentage of time basis, the cumulative distributions for 
rain attenuation was determined for each climatic rain zone at 
different percentages of time by using the ITU-R model [15]. 
This graph is shown in Fig 2. It is observed from these plots 
that the higher the rain attenuation (dB), the lower the 
percentage of time the rain attenuation is exceeded. The  

TABLE I: DETERMINED CLIMATIC RAIN ZONE AND CLIMATIC REGION  
CLASSIFICATION 

Location 
Climatic Region 

(SAWS) 
Determined Climatic Rain 

Zone [12], [13] 

Cape Town Mediterranean N 
Vryheid Inland Temperate 
Brandvlei Desert M 
Durban Coastal Savannah  

 
P 

Richards Bay Coastal Savannah 
Pietermaritzburg Inland Savannah 
Ulundi Inland Savannah 
Newcastle Inland Temperate 
Bloemfontein Steppe 
East London Savannah  

Q Ladysmith Inland Temperate 
Pretoria Temperate 
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Fig.1. Cumulative distribution of 1-minute integration time rainfall rate for 

an average of 5 years 
 
 

TABLE II: ATTENUATION EXCEEDED FOR DIFFERENT PERCENTAGES OF TIME 

% Time of 
Exceedance 
(%) 

Rain Attenuation (dB) Exceeded for  each 
Geographical Location at 19.5 GHz 

Cape 
Town 

Brandvlei Durban Pretoria 

0.01 9.35 8.87 17.02 15.55 
0.1 4.09 2.33 7.89 6.90 
1 1.17 0.21 1.91 1.47 
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Fig.2. Cumulative distribution for rain attenuation for South Africa for an 

average of 5 years 
 

attenuation exceeded for 0.01%, 0.1% and 1% of the time are 
shown in Table II.  
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IV. SIGNAL ATTENUATION MEASUREMENT IN DURBAN, 
SOUTH AFRICA 

A millimetric LOS radio link was set up in Durban at an 
operating frequency of 19.5 GHz and propagation path length 
of 6.73 km in the year 2004 by Naicker et al [16]. This link 
continuously recorded the received signal level variations and 
the corresponding 1-minute rain rate statistics over a period of 
ten calendar months in Durban for the year 2004. The months 
were February, March, April, May, June, August, September, 
October, November and December. This data was analysed, 
processed and the average signal level for the non-rainy days 
for each month was determined. There were no rains in the 
months of May, June and August; therefore, the signal level 
recorded for these three months is assumed to be due to other 
attenuating factors like fog, obstructions, trees, vegetations, 
hills, tall buildings, etc [13]. Note that the work of Naicker as 
reported in [16] focused on radio path characterisation, rather 
than on rain attenuation modeling. 
 
The rain induced attenuation is then modeled for months that 
had rains for the year 2004. This is done for the months of 
February, March, April, September, October, November and 
December. Three established models, namely, ITU-R model, 
Crane Global model and the Moupfouma model, are used on 
the link parameters such as the path length of 6.73 km. This 
enables us to determine the effective path length between the 
links; then, at the carrier frequency of 19.5 GHz and the 
measured rain rate at 1-minute integration time, we determine 
the attenuation values that would be predicted by these 
models. These are then compared with the actual attenuation 
measurements recorded for these months. Logarithmic and 
power estimation models are then used to fit the measurement 
data.  
 

V. RAIN ATTENUATION MODELING IN DURBAN AT 19.5 GHZ 

FROM MEASUREMENTS 

In Figures 3 to 9, y  refers to path attenuation (dB) and x  
refers to the rain rate (mm/h). Fig 3 shows the rain attenuation 
models for the month of February from the actual 
measurements and the other existing models. The attenuation 
values predicted from other existing models tend to be lower 
than the ones from the actual measurements. From the actual 
attenuation measurements, the path attenuation is seen to 
increase as the rain rate increases until it gets to a rain rate of 
above 20 mm/h, and at this point, there is slight downward 
movement of the actual attenuation measurement curve. The 
highest rain rate measured in this month was 21 mm/h and its 
corresponding signal attenuation value was 14.93 dB. Also for 
Fig 4, the rain attenuation models for the month of March are 
shown. For this month, the maximum rain rate recorded was 
19 mm/h, and the attenuation measured at this point was 11.48 
dB. In this month, the attenuation predicted by the Crane 
model tends to be very close to the actual measured 
attenuation values. The power estimation model and the 
logarithmic estimation model derived from the actual 
attenuation tend to overlap over the Crane model curve. 
 

The path attenuation recorded from the actual measurements 
for the month of April (Fig 5) is considerably low compared 
to the months of February and March. The month of April 
records its highest attenuation level of 5.94 dB at a rain rate of 
17 mm/h. The highest rain rate recorded in this month was 20 
mm/h with an attenuation of 3.169 dB. From this figure, the 
crane model is seen to predict a very high attenuation as 
compared with the actual attenuation measurements. In Fig 6, 
the highest rain rate measured was 79 mm/h with a 
corresponding low signal attenuation of 8.5 dB for the month 
of September. From this figure, it is also observed that at 
lower rain rate, there is a corresponding increase in the path 
attenuation values as the rain rate also increases until after a 
rain rate of 18 mm/h when it is observed that there is a sharp 
bend on the rain attenuation curve from the actual 
measurements. In Fig. 7, the maximum rain rate recorded in 
this month was 73 mm/h with its corresponding rain 
attenuation signal level of 13.45 dB. At a rain rate of 19 
mm/h, the highest signal attenuation value of 19.69 dB was 
recorded for the month and afterwards, it was also observed 
that there is a sharp bend in the actual attenuation 
measurement curve. 
 
Fig 8 shows the signal attenuation models and measurements 
recorded for the month of November. At low rain rates of 1 
mm/h, 2 mm/h and 3 mm/h, correspondingly low attenuation 
values were measured. But at a higher rain rate of about 8 
mm/h very high attenuation values were recorded. The highest 
rain rate recorded for this month was 16 mm/h with a 
corresponding signal attenuation of 24 dB. The attenuation 
values from the existing three model shows a little bit of 
agreement with the measured values at lower rain rates but at 
a higher rain rate, the existing three models gave lower 
attenuation values. For the month of December (Fig 9), the 
signal attenuation measurement recorded shows a 
considerable increase as the rain rate increases. The maximum 
rain rate recorded for this month was 16 mm/h with its 
corresponding signal attenuation of 8.5 dB. The Crane model 
is seen to show higher attenuation values than the actual 
measurements for this month. The Moupfouma model, ITU-R 
model, the power and the logarithmic estimated model derived 
from the actual measurements are seen to overlap each other. 
 
Taking a closer look at these measurements, it can be 
observed that the rain attenuation produced by the lower rain 
rates tends to increase as the rain rate increases. This is to say, 
the lower rain rates extends uniformly along the 6.73 km 
propagation paths and an accurate measurement is taken at the 
receiver end of the transmitting station. But at higher rain rate, 
the rain may not be able to cover the entire propagation path 
length [17]. Simply because of the high degree of spatial 
inhomogeneity present in rain, it is unlikely that reference rain 
rate will extend uniformly over the length of transmission path 
unless this propagation path length is very short [18]. The 
longer the path, the less likely it is that rain will extend the full 
length of the propagation path. That is why most authors have 
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used the concept of an effective path length1 effd  which is 

determined by multiplying the actual path length d of the link 
by a reduction factor r , [1], [10].  Therefore, the rain 
attenuation recorded in Durban at these high rain rates reflects 
a corresponding diminution of the effective path length, and 
the  
effective path length is introduced to incorporate the effect of 
non-uniformity of rain along any propagation path length. 
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Fig 3 February rain attenuation: Measurement and Models at 19.5 GHz 
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Fig 4 March rain attenuation: Measurement and Models at 19.5 GHz 
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Fig 5 April rain attenuation: Measurement and Models at 19.5 GHz 

 
1 The hypothetical length of a path along which attenuation for a given 

time percentage results from a point rainfall rate that occurs for the same time 
percentage [1] 
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Fig 6 September rain attenuation: Measurement and Models at 19.5 GHz 
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Fig 7 October rain attenuation: Measurement and Models at 19.5 GHz 
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Fig 8 November rain attenuation: Measurement and Models at 19.5 GHz 
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Fig 9 December rain attenuation: Measurement and Models at 19.5 GHz 
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VI. STATISTICAL ANALYSIS OF RAIN ATTENUATION FROM 

MEASUREMENTS 

The logarithmic estimation model and the power estimation 
model that was used to fit in the attenuation measurements in 
Durban was analysed using the chi-square test. The chi-square 
statistic is given by [19]: 
 

( )2

1

2 �
=

-
=

N

R R

RR

P
PM

c  

where 
 RM = measured value, RP  = predicted value, N = number 
of measurements. 
 
In a chi-square statistics problem, the degrees of freedom 

)1( -N for the number of measurements recorded in each 
month must be determined so that the threshold value for the 
chi-square test at each level of confidence will be analysed. 
Table III shows the equations predicted by the logarithmic and 
power estimation model (as shown in Fig. 3-9) and the 
resulting chi-square statistic. 
 
TABLE III: EQUATION PREDICTED BY THE LOGARITHMIC AND POWER MODELS  

Months Logar ithmic 
model equation 

Chi-
square 

statistics
: (Log. 
model) 

Power  model 
equation 

Chi-
square 

statistics
: (Power  
model) 

Feb y=4.02Ln(x)+3.54 0.8876 y=4.39x0.4492 1.1485 
March y=4.44Ln(x)-1.67 1.4287 y=1.40x0.7572 0.8235 
April y=2.21Ln(x)+0.23 3.7904 y=0.87x0.7617 1.3851 
Sept y=2.45Ln(x)+1.31 5.3929 y=1.95x0.4803 9.3861 
Oct y=2.55Ln(x)+4.61 28.1008 y=1.39x0.6124 73.3293 
Nov y=10.22Ln(x)-3.05 1.0326 y=0.72x1.3662 11.1266 
Dec y=3.35Ln(x)-1.36 1.5468 y=0.912x0.7967 0.4722 

 
TABLE IV: RAIN ATTENUATION PREDICTED FOR THE YEAR 2004 IN DURBAN (P  

ZONE) IN A TYPICAL PATH OF 6.73 KM AT 19.5 GHZ 

Calendar  Months Predicted Model 

February A=4.02Ln(R)+3.54 

March A=1.40R0.7572 
April A=0.8719R0.7617 

September A=2.45Ln(R)+1.31 

November A=10.21Ln(R)-3.05 
December A=0.92R0.7967 

 
From Table III, the threshold values for the chi-square test at 
1% and 5% level of confidence is 18.4753 and 14.0671, 
respectively. These are larger than the values predicted by the 
logarithmic and power model for the month of February - 
hence we accept the hypotheses of these two models at both 
levels of confidence. The chi-square statistic for the 
logarithmic model having a smaller value than the power 
model thus gives a better fit to the measured attenuation 
values. Hence, the logarithmic model is accepted for the 
prediction of rain attenuation in this month. 
 
Similarly, for the month of March, the chi-square statistic for 
both models are smaller than the threshold values for the chi-

square test at 1% and 5% level of confidence, therefore the 
hypotheses for these two models can be accepted. The chi-
square statistic for the power model is smaller than the 
logarithmic model; therefore, the power model is accepted.  
The month of April has computed chi-square statistic values 
of 3.7904 and 1.3851 for the logarithmic and power model 
respectively; however, the power model gives a better fit to 
the attenuation measured values because of its lower chi-
square statistic to the one predicted by the logarithmic model. 
 
September, with computed chi-square statistics of 5.3929 and 
9.3861 for the logarithmic and power models, respectively, 
are smaller than the threshold values for the chi-square test at 
1% and 5% level of confidence. Therefore the hypotheses for 
these two models can be accepted. The logarithmic model 
having a better fit to the attenuation measurements data than 
the power model because of its smaller chi-square statistics 
value is accepted for the attenuation prediction for the month. 
On the other hand, for October, the computed chi-square 
statistics of 28.1008 and 73.3293 for the logarithmic and 
power models, respectively, are larger than the chi-square 
threshold values for both the 1% and 5% level of confidence; 
hence the hypotheses for both models are rejected.  
 
For November, the chi square statistics computed are 1.0326 
and 11.1266 for the two models. These values are smaller than 
the chi-square threshold test values at both 1% and 5% level 
of confidence; therefore, the hypotheses for these two models 
are accepted. The logarithmic model is accepted for the 
attenuation prediction for the month because of its lower chi-
square statistic.  Also, for the month of December, the chi-
square statistics are 1.5468 and 0.4722 for the logarithmic and 
the power models, respectively. The power model is thus 
chosen to predict the attenuation for this month because of its 
lower chi-square statistic and better fit.  Table IV shows the 
rain attenuation prediction models thus adopted for the year 
2004 in Durban in the P climatic rain zone South Africa 
centered at 19.5 GHz and a path length of 6.73 km. 
 

VII. CONCLUSION 

The rain rate statistics measured by the South Africa 
Weather services (SAWS) over a period of 5-years have been 
utilized to determine the cumulative distributions of rain rate 
and rain attenuation at different percentages of time for four 
major climatic rain zones in South Africa. In addition, from 
the attenuation measurement recorded in Durban in the P 
climatic rain zone in the year 2004, an empirical model has 
been developed for each rainy month in the year. 

 
It was observed, from the measurements taken in Durban, that 
the highest rain rates were recorded in the months of 
September and October, with rain rate of 79 mm/h and 73 
mm/h, respectively. The highest rain attenuation for the link 
was recorded in the month of November with a value of 24.51 
dB, followed by 19.69 dB recorded in the month of October. 
It is also observed from Figures 3-9 that as the rain rate 
increases, the path attenuation signal level increases, but as the 
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rain rate rises above 18 mm/h, a decrement in the path 
attenuation signal level is observed and an anomalous 
behaviour of the signal level is also observed as seen in 
Figures 6 and 7. This is because of the spatial inhomogeneity 
present in point rainfall data.  
 
From the statistical analysis of the attenuation model for each 
month, a suitable rain attenuation model was proposed for 
Durban. A logarithmic model and a power law model were 
developed for each of the rainy months in the year 2004, and 
using a chi-square test, the model that best fit the attenuation 
measurements was accepted. Hence, a logarithmic model is 
proposed for the months of February, September and 
November; on the other hand, a power-law model is proposed 
for March, April and December. The month of October, which 
has a rejected hypothesis for both the logarithmic and power-
law model due to its anomalies in the attenuation 
measurements can be further studied.   
 
These predicted models in Durban which is found in the P 
climatic rain zone and lies in the coastal region in South 
Africa can now be extended to other geographical locations in 
South Africa and southern Africa as a whole that exhibit 
similar climatic effects.  
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