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ABSTRACT 
 

Adequate information of the raindrop size distribution is very significant for the prediction and 
evaluation of attenuation signal due to rain. In this study, an analytical approach is adopted to 
determine the peak diameter �� where the specific rain attenuation is maxima in Durban (29º52'S, 

30º58'E), South Africa; using the spherical raindrop shape at temperature T = 20ºC. The overall 
rainfall attenuation is computed by integrating over all the drop sizes and determine the differential 
change in the attenuation as observed over a fixed diameter interval, ���(= 0.1 mm). The critical 
diameters are the range of diameters where the rain attenuation is highly predominant, which 
constitutes the surface area under the curve and along the abscissa regions. The critical diameters 
are seen to coalesce around the peak diameter, at which the maximum attenuation occurs. The 
maximum specific rain attenuation peaks at the diameter 		�� � ��	
��� � 1� � ��	���  It was 

observed that the peak diameter is frequency dependent while the parameters, µ, the mean and σ 
the standard deviation which determines the width of the distribution are found to be region-
dependent. The peak attenuation for the stratiform rainfall type varies between 0.8 ≤ D ≤ 1.5 mm 
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whereas for the convective rainfall, the specific rain attenuation peaks between 1.4 ≤ D ≤ 2.7 mm at 
all frequencies. A proper knowledge of the rainfall attenuation characteristics is useful for proper 
planning and for the purpose of link budget analysis by operators in this particular region. 

 
 
Keywords: Peak diameters; link budget analysis; critical diameters and specific rainfall attenuation. 
 

1. INTRODUCTION  
 

Generally, attenuation on radio propagation 
paths is caused by various atmospheric 
components such as gases, water vapour, 
clouds and rain. Rain attenuation, caused by 
scattering and absorption by the water droplet is 
one of the most important signal impairments 
influencing the attenuation of microwave (3-30 
GHz) and millimetre wave (30 -300 GHz) [1]. 
Studies have shown that the effects of rainfall 
attenuation become significant and disturbing in 
satellite communications at a frequency above 
10 GHz [2-4]. At this frequency, rain attenuation 
always causes outages, unavailability and poor 
quality of service [5]. The study of drop size 
distribution (DSD) is, however, vital for several 
application areas such as satellite meteorology, 
microwave communications, cloud physics and 
soil erosion [6]. The drop size distribution is an 
important parameter for the estimation of 
attenuation due to rain at microwave and 
millimetre-wave frequency applications because 
it governs all the microwave and rainfall integral 
relation. It has been established that modelling of 
DSD in tropical (such as Nigeria, Rwanda and 
Singapore) and temperate regions is not the 
same. This is due to the presence of heavy 
rainfall in tropical regions compared to temperate 
regions. When compared to temperate regions 
where a large database exists, measurements of 
drop size distributions in tropical regions are few. 
The negative exponential function, as proposed 
by Marshall and Palmer [7] or the Laws and 
Parsons, [8] and the gamma distribution model 
often characterize modelling of raindrop size 
distributions in the temperate region [9]. 
However, there is so much uncertainty in the 
preponderance and estimation of small diameter 
raindrops due to a limitation in the sensitivity of 
the measuring equipment. These models grossly 
overestimate the concentration of the small 
diameter raindrops in the tropical regions hence 
the Ajayi and Olsen [9] model was proposed and 
found suitable for the modelling of tropical rain 
drop size distributions and equally adequate for 
the determination of the specific attenuation. 
 
In Durban, South Africa, some research work has 
been carried out on rainfall attenuation and DSD 

[10-15] establishing the suitability of the 
lognormal and gamma models for DSD modelling 
in the region. Similarly, various methods and 
models have been adopted by some researchers 
across the globe to investigate the particular 
contributions of certain raindrop diameters to the 
specific rain attenuation [16-20]. The influence of 
critical raindrop diameters on the specific rainfall 
attenuation in Durban, South Africa using 
randomly selected rainfalls analyzed in this 
study. Different rain rate values representing 
strati-form and convective rain types were 
selected for the purpose of analysis over the 
measured raindrop size distribution. The three-
parameter lognormal DSD model as determined 
in [15] for Durban, South Africa is used to 
representing the measured DSD, N(D). 

 
The critical raindrop diameters are the range of 
diameters over which the contribution to the 
rainfall attenuation is predominant. Different 
researchers within the tropical and temperate 
regions have investigated the particular 
contribution of certain diameters to the rainfall 
attenuation. Notable among them are Lee et al. 
and Lakmish et al. in Singapore [16,17] Fiser (in 
the Czech Republic [18] Lam et al. in Malaysia 
[19] and Marzuki et al. in Equatorial Indonesia 
[20]. In this study, an analytical approach is 
adopted to determine the peak diameter �� 

where the specific rain attenuation is maxima in 
Durban (29º52'S, 30º58'E), South Africa; using 
the spherical raindrop shape at temperature T = 
20ºC.  
 

2. MATERIALS AND METHODS OF 
DATA COLLECTION 

 

The Joss-Waldvogel (J-W) RD-80 disdrometer 
located at the roof top of the Electrical, Electronic 
and Computer Engineering building, University of 
Kwa-Zulu Natal, Durban (29º52'S, 30º58'E),  
South Africa was used to obtain data samples 
used in this work.  
 

The measurements were taken over a period of 
three (3) years in Durban at a sampling time of 
60 seconds. The disdrometer used in this work is 
capable of measuring the rainfall rate, reflectivity, 
rainfall accumulation and the raindrop size 
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distribution with an accuracy of ±5%. Rain events 
(rainfall occurrence in minutes) with overall sum 
of drops less than 10 were discarded from the 
data samples to compensate for the dead- time 
errors as they are considered to be within the 
noise level [21]. The location is shielded from 
noise and abnormal winds. Very minimal 
equipment outage was observed during the 
period of data collection at this location. 
 
Fig. 1 Joss-Waldvogel RD-80 impact disdrometer 
system connected to a personal computer                
[RD-80 product information: 
http://www.disdromet.com/1_index_e.htm]. 
 
The integral rain parameters of interest in this 
work are computed directly from the disdrometer 
spectra and represented by [21]: 

     

� � ������
��

���
																																																						 1� 

                                  
where P is the rainfall accumulation, a is the 
product of parameters that are invariant with drop 
size, Cn is the number of drops in the nth 
channel, and Xn is the moments. Generally, the 
measured rain drop size distribution ����	from 
the disdrometer data is the number of raindrops 
per cubic meter per millimeter diameter (mm

-3
 m

-

1
) as adopted by [22, 23] and computed as: 

 

���� 	  �	!��� × # × $ × ��� �%&��%��							2� 
                                                                      
where ni is the number of drops measured in the 
drop size bin, 	!���	 is the terminal velocity of 
Gun Kinzer’s [22] water drops in m/s, T is the 
one-minute sampling time in 60 s, A is the cross 
sectional sampling area of the disdrometer given 
as 50cm

2 
and ���  is the representative change in 

diameters interval of the bin in mm. The data was 
sorted and classified into different types of rain 

based on rainfall rates R in millimeter per hour 
according to [24,25] as: drizzle, (0 mm/h ≤ R < 5 
mm/h), widespread, (5 mm/h ≥ R < 10 mm/h), 
shower, (10 mm/h ≤ R < 40 mm/h) and 
thunderstorm (R> 40 mm/h). About 100,000 data 
samples were obtained from the disdrometer 
over a period of 3 years.  The minimum and 
maximum rain rates obtained were 0.003 mm/h 
and 117.15 mm/h. In this work, the three-
parameter lognormal DSD model was used. 
 
The lognormal distribution model is expressed by 
[12]:  
 

��� � ()√�+	×,×- ��	 .� �
� /01-�%2, 3�4														3) 

 
where 		�5  (concentration of rainfall drops) is a 
function of climate, geographical location of 
measurements and rainfall type, µ is the mean 
of		ln�� and σ is the standard deviation which 
determines the width of the distribution.  The 
three parameters in (3) above are related to the 
rainfall rate R by [22]: 

      �5 �						 ��89:	 																																																							4� 
 	� � 	$2 � <2 ln 8																																																	5� 

 �� �	$, � <, ln 8 																																																 6� 
 

where		��,?�,$@,	<@, $, and <, are coefficients of 

moment regression determined using the least 
squares method of regression technique. The 
three-parameter lognormal DSD model as 
determined in [15] is given as: 

   � � 	�0.3104 � 0.1331	 ln 8 																											7� 
  �� � 	0.0738 � 0.0099	 ln 8																															8� 

  �5 � 268.078�.H�IJ																																														9�
 

 
 

Fig. 1.  Joss-Waldvogel RD-80 impact disdrometer system connected to a personal 
computer [RD-80 product information: http://www.disdromet.com/1_index_e.htm] 
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2.1 Mathematical Model of the Peak 
Diameter and the Specific Rain 
Attenuation 

 

The specific attenuation γ of microwave signals 
due to rain is expressed as: 
  

γ �	 K LMNO�������	
PQRS

P:
						T�<U�V												10� 

           
where Qext is the extinction cross sections                  
which are dependent on the drop diameter D, the 
wavelength W,   and the complex refractive                
index of water drop m, which in turn is a function 
of the frequency and temperature. The                 
extinction cross section Qext is found by applying 
the classical scattering theory of Mie for a                  
plane wave impinging upon a spherical 
absorbing particle. The Mie scattering                    
theory is applied under the assumption                          
that each spherical raindrop illuminated                             
by a plane wave is uniformly distributed in                         
a rain filled medium. Similarly, it is                       
assumed that the distance between adjacent 
drops is large enough to avoid any interaction 
between them. The extinction cross sections 
given as: 
 LMNO�� � 	X�Y 																																																				11) 
 

N (D) is the drop size distribution model in m
-3

 
mm

-1 
which in this case can be                          

lognormal or gamma, D is the raindrop diameters 
in mm, κ and α are frequency dependent 
parameters. By substituting the expressions for 
the extinction cross section and drop size 
distribution (DSD) model (lognormal DSD            
model in this case) of equations (11) and (3) into 
(10),  the differential specific  rain attenuation can 
be maximized as: 
 

∆[ � 	X�Y ∗ �5��√2] ��	 ^�
12 _ln�� � �� `�a	∆�	12�	 

 

∆[ � 	X�Y%� ∗ �5�√2] ��	 ^�
12 _ln�� � �� `�a		∆�		13� 

   

At the peak diameter D,  
∆b
∆- � 0  and ∆� is fixed 

and constant, 
 

� � 1��Y%� � �Y%� _ 1�� ln � � ��� `� � 0			14�  

 

� � 1� � 1�� ln� � ��																																														15� 

It follows from equation (15) therefore,  
 	�� � ��	
��� � 1� � ��																															16�	 

 
The maximum specific rain attenuation peaks at 
the diameter,	�� (in mm) given by the expression 

(16).  The Mätzler’s MATLAB [26] functions are 
used for the estimation of k and	�. Table 1 shows 
the computed values of k and �		of the power law 
relation in equation (11) at frequencies of 10 to 
100 GHz. 

 
Table 1.  Values of κ and α at f = 10-100 GHz 

at T = 20ºC 

 
Frequencies (GHz) K c 

10 0.3857 4.5272 
25 2.4567 4.0186 
40 4.3106 3.5077 
60 6.0493 3.0094 
80 7.0623 2.6621 
100 7.6874 2.4156 

 
3. RESULTS AND DISCUSSION 
 
Tables 2 and 3 show the state-form and 
convective rain types with their respective critical 
diameters. The estimated values of µ and σ in 
equations (7) and (8) have been used for the 
purpose of analysis while α is a frequency 
dependent parameter as provided in Table 1.  It 
can be observed that the peak diameters 	�� at 

which the differential attenuation is maximum 
increases as the rain rate increases with varying 
input parameters. As the operating frequency 
increases, the peak diameter, 	�� at which the 

specific rain attenuation is maximum decreases. 
The peak attenuation for the strati-form rainfall 
type varies between 0.8 ≤ D ≤ 1.5 mm while the 
convective rainfall specific rain attenuation peaks 
between 1.4 ≤ D ≤ 2.7 mm at all frequencies. The 
input parameters µ and σ in equations (7) and (8) 
used in Table 2 are regime-dependent. The peak 
diameter 	��  is frequency-dependent since α is 

frequency dependent. 
 
The three-parameter lognormal DSD model was 
also used to estimate the parameters required to 
investigate the drop sizes which produce a major 
contribution to the total specific rainfall 
attenuation for the selected rain rate values 
(strati-form and convective rainfall types). The 
attenuation created by drops in the diameter 
intervals 0.1 ≥ D ≥ 7.0 mm at various frequencies 
of transmission is shown in Table 4. The total 
specific attenuation increases with increasing 
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frequencies and rain rate.  The highest and 
prevailing contribution to the specific attenuation 
occurs at �~2	��  for the stratiform and 
convective rain types as shown in Figs. 2 and 3. 
The total percentage fraction formed by drops in 
the diameter range 0.5 mm ≤ D ≤ 2.5 mm and 
1.0 mm ≤ D ≤ 3.0 mm are found to be most 
critical for the specific rain attenuation for the 

strati-form and convective rainfall types. It was 
observed that the contributions of larger 
diameters to the total attenuation is insignificant 
and can be negligible when compared to the 
medium and smaller diameters. Hence, the 
diameter ranges 0.5 mm ≤ D ≤ 2.5 mm are 
critical to attenuation in Durban being a coastal 
region characterized by the strati-form rain types.  

 
Table 2. Rainfall regimes and the peak diameters for maximum attenuation at 10-100 GHz in 

Durban for Strati-form rainfall e ≤ g ≤ he	ii/k� 
 

Strati-form 

Rain rate (mm/h) 10 GHz 25 GHz 40 GHz 60 GHz 100 GHz 

1 0.9371 0.9018 0.8677 0.8356 0.7990 

2 1.0489 1.0056 0.9640 0.9250 0.8806 

2.5 1.0877 1.0415 0.9972 0.9557 0.9085 

3 1.1204 1.0718 1.0251 0.9816 0.9321 

3.5 1.1488 1.0981 1.0494 1.0040 0.9524 

4 1.1740 1.1214 1.0709 1.0238 0.9704 

5.5 1.3335 1.2823 1.2328 1.1864 1.1333 

7 1.4131 1.3589 1.3066 1.2575 1.2014 

8.5 1.4805 1.4239 1.3692 1.3178 1.2592 

9 1.5010 1.4436 1.3882 1.3362 1.2767 
 

Table 3. Rainfall regimes and the peak diameters for maximum attenuation at 10-100 GHz in 
Durban for Convective rain g ≥ he	ii/k� 

 

Convective 

Rain rate (mm/h) 10 GHz 25 GHz 40 GHz 60 GHz 100 GHz 

10 1.6418 1.5733 1.5074 1.4458 1.3756 

15 1.8636 1.7841 1.7076 1.6361 1.5549 

20 2.0389 1.9505 1.8655 1.7862 1.6961 

30 2.3143 2.2117 2.1132 2.0214 1.9171 

40 2.3886 2.2777 2.1715 2.0727 1.9608 

60 2.5051 2.3846 2.2694 2.1625 2.0415 

75 2.5716 2.4456 2.3252 2.2135 2.0874 

85 2.6097 2.4805 2.3571 2.2427 2.1136 

100 2.6600 2.5265 2.3992 2.2811 2.1480 

120 2.7176 2.5792 2.4472 2.3250 2.1874 
 
Table 4. Rainfall attenuation created by raindrops diameter range of 0.1mm ≥ D ≥ 7.0 mm using 

the lognormal model (frequency = 5-100 GHz) 
 

Frequency (GHz) R =1.4 mm/h R= 14.2  mm/h R= 44.5  mm/h R= 77.7  mm/h 

5 0.0057 0.0239 0.0754 0.2049 

10 0.0433 0.2014 0.6899 2.0193 

40 0.7903 2.8815 8.1216 20.0556 

60 1.4570 4.7398 12.1929 27.8055 

80 2.0836 6.2730 15.1661 32.7638 

100 2.6307 7.5191 17.4093 36.2179 
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Fig. 2.  Rainfall attenuation and raindrop diameters for the stratiform rainfall (R= 3.68 mm/h) 
 

 
 

Fig. 3. Rainfall attenuation and raindrop diameters for the convective rainfall (R= 120 mm/h) 
 

4. CONCLUSION 
 
The lognormal DSD model parameters have 
been adopted to estimate the specific rain 
attenuation in this work. The strati-form and 
convective rainfall types were considered. The 
critical range of raindrop diameters over which 
the specific rainfall attenuation is at the maximum 
was investigated. The peak attenuation for the 
strati-form rainfall type varies between 0.8 ≤ D ≤ 
1.5 mm whereas for the convective rainfall, the 
specific rain attenuation peaks between 1.4 ≤ D ≤ 
2.7 mm at all frequencies. The results show                      
a good agreement with earlier work done by           
[16-18] in the region. The critical diameters are 
seen to coalesce around the peak diameter, Dp 
at which the maximum attenuation occurs. The 
peak diameter was found to be	�� � ��	
��� �

1� � ��	�� . It should be noted that Dp is 
frequency dependent, since α is dependent on 
frequency. The parameters, µ and σ are region-
dependent.  A good understanding of this rainfall 
attenuation characteristic will be helpful to 
properly design adequate fade margin levels, 
achieve the expected quality of service in a radio 
communication system operating in the South 
Africa region and for the purpose of link budget 
design by the engineers and service providers in 
this particular area. 
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