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Abstract— The knowledge of 1-minute integrated cumulative rain rate distribution is required for predicting the attenuation induced by rain 
on satellite and terrestrial microwave and millimetric links. In this paper, conversion coefficients are derived for estimating the equivalent 1-
minute rain rate statistics from those available in 5 and 30-minutes over Akure, South-Western Nigeria. The derivation is based on the 
power-law relationship existing between equiprobable rain rate statistics, while comparison is made with estimates available for other 
locations. Apparent in the result is the significant variation in the values estimated for similar observation periods over the years and across 
different locations. Form the evaluation of the coefficients derived for Akure, the 5-minute conversion provides a more satisfactory 
performance and hence more suitable for estimating the equivalent 1-minute rain rate statistics for Akure. Quantifying the seasonal 
precipitation variability, the point rain rates for wet (raining) and dry (harmattan) seasons are 80 and 20 mm/h respectively and the resultant 
impact on NIGCOMSAT 1-R link reveals that an additional fade margin of 4 and 1.7 dB would be required to meet a 99.99% system 
availability objective in the wet season, specifically at 12 and 10 GHz respectively. 

Index Terms— Rain rate statistics, rain induced attenuation, rain fade margin, conversion coefficient, link availability 

——————————      —————————— 

1 INTRODUCTION                                                                     

VER the years, rain rate statistics logged in short integra-
tion time have been considered most relevant for moni-
toring the resultant impairments induced by rain on ra-

dio links, particularly at frequencies beyond 10GHz. The 
dearth of the 1-minute rain rate statistics required for estimat-
ing rain-fade margin is still a major concern, especially for 
wireless communication design purposes in most tropical, 
sub-tropical and equatorial climates, where rainfall data ob-
tainable from national weather bureaus are mostly available in 
high integration time – typically between 5, 30 and 60 minutes 
or even daily in some cases. 

Although several efforts have been documented on the 
prediction of the 1-minute rain rate statistics [1-7], significant 
variation has been observed in the conversion factors derived 
across different locations with suitability varying from one 
location to the other [8-13].  

On the seasonal influence of precipitation on fade margins 
and the corresponding effect on the availability of communica-
tion systems, efforts have been made to quantify likely varia-
tion over an average year. For instance, the seasonal fade mar-
gins estimated for Sub-tropical South-African climates [14, 15] 
clearly indicates the need to consider seasonal variability in 
the planning of communication systems. Similarly, the tem-
poral rain attenuation variability was also recently quantified 
[16, 17]  using the Stratiform/Convective (SC) EXCELL model 
[18]. These contributions however present the need for more 

efficient propagation planning, based on the use of monthly 
rain attenuation statistics in the design and operation of ad-
vanced communication systems.  

In this study, we derive the representative conversion fac-
tors for Akure, South-West Nigeria using the cumulative rain 
rate statistics available in 1, 5 and 30-minute over a 2-year pre-
cipitate measurement campaigns. The suitability of the con-
version coefficients derived is investigated based on the pre-
diction error inherent in the estimation of the equivalent 1-
minute rain rate statistics. Seasonal influence of rainfall inten-
sity on link availability objectives is also investigated based on 
the equivalent 1-mimute rain rate statistics estimated from the 
most suitable conversion coefficient over the chosen location. 

2 EXPERIMENTAL SITES AND DATA COLLECTION 

The precipitate data employed for this study comprises rain 
rate statistics for 1, 5 and 30-minute integration time over 
Akure, South-West Nigeria. The 1-minute statistics is meas-
ured using a vertically looking micro rain radar (MRR) and a 
tipping spoon rain gauge – part of the Davis Vantage Vue 
electronic weather station, both co-located at the pilot site 
(7.170 N, 5.180 E). The 5-minute rain rate data collected from a 
secondary source had been measured using a tipping bucket 
rain gauge setup at the experimental site of Nigeria Environ-
mental and Climatic Observatory (NECOP) – also situated 
within the same premises at the Department of Physics, Fed-
eral University of Technology, Akure. The 30-minute statistics, 
also obtained from a secondary source had been measured 
using a tipping bucket rain gauge, which is part of the Davis 
Vantage Pro electronic weather station. This experimental set-
up is at Iju – about 11.5 km away from the pilot site. The rain 
rate statistics for a 2-year observation period is sorted from the 
available precipitate data captured from the various in-situ 
measurement campaigns over Akure. 
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3 POWER-LAW COEFFICIENT AND CONVERSION FACTORS 

The power law relationship defined between two equiproba-
ble rain rates by Flavin [2], Ajayi and Ofoche [3] and Burgueno 
et al. [5] is defined as: 

 
 ( ) ( )b

TR P aR P   (1) 
 

where RT(P) is the available rain rate in T integration time, 
Rτ(P) is the equivalent 1-minute rain rate, while a and b are the 
power-law coefficient and exponent respectively. Taking the 
logarithm of both sides of (1), the values of a and b can be easi-
ly estimated between any T time rain rate statistics and the 
corresponding τ time statistics. The power-law fit is therefore 
established with a Log-log plot of the equiprobable rain rates 
between any two comparable statistics, that is: 

 
 ( ) ( ) ( )TLog R Log a bLog R    (2) 
 
The power-law coefficient a and the exponent b are ob-

tained based on the line that best fits the equiprobable rain 
rates from the available statistics for Akure. The cumulative  

 

 

distribution of the respective rain intensities are estimated as 
presented in Figure 1. Figure 2 shows the equiprobable rain 
rates between the 1-minute cumulative rain rate distribution, 5 
and 30-minute distributions for Akure. 

The conversion factors considered by Watson et al [1], has 
also been broadly employed over the years. Representative 
values for Akure is also determined using the equation given 
as [1]: 
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 where CR(t) refers to the ratio of rain rates exceeded for a giv-
en percentage of time t as measured by rain gauges with inte-
gration times T and τ, while Ce(R) is the ratio of exceedances 
for a given rain rate R measured using rain gauges with inte-
gration times T and τ. 

4 RESULT AND DISCUSSION 

The conversion coefficients for predicting the required point 
rainfall rate have been derived for Akure using three sets of 
rainfall intensity statistics – the 1, 5 and 30-minute rain rate 
statistics. The equiprobable rain rates were selected from the 
cumulative distribution of rainfall intensity and the repre-
sentative conversion coefficients have been derived. The data 
employed for the comparison in Figure 3(a) and 3(b) were ob-
tained directly from equiprobable rain rate estimates at de-
fined percentages of time for Ile-Ife [3] and Ogbomoso [12, 13], 
sites also geographically situated within the South-Western 
part of Nigeria.  

TABLE 1 
COEFFICIENTS FOR a  AND b  FOR Τ =1 MINUTE 

Locations 

in Nigeria 

T 

(Min) 

 

a 

 

b 

Locations 

outside 

Nigeria  

T 

(Min) 

 

a 

 

b 

Ile-Ife [3] 5 0.991 1.098 Korea [19] 5 0.934 1.032 

Ogbomoso 

[13] 

5 0.797 1.195 China[19] 5 1.110 1.010 

Akure 5 0.749 1.380 Brazil [19] 5 0.929 1.036 

Ife [3]  30 -- -- Spain [5]  5 0.795 1.081 

Akure 30 2.566 0.871 Korea [19] 30 0.723 1.062 

Ogbomoso 

[13] 

30 -- -- Brazil [19] 30 0.554 1.331 

 
TABLE 2 

VALUES OF CE(R) FOR T=5 MINUTE AND Τ =1 MINUTE – FOR SITES IN 
SOUTH-WESTERN NIGERIA 

Location Rain rate (mm/h) 

30 40 50 60 70 80 90 

Ife [3] 0.59 0.57 0.4 0.3 0.17 0.10 0.08 

Ogbomoso [12] 0.37 - - 0.28 - - 0.16 

Akure 0.11 0.04 0.025 - - - - 

 

 

Fig. 2. Equiprobable rain rate statistics between 5, 30 and the 1-
minute statistics over Akure 

 

Fig. 1. Cumulative rain rate distribution for 1, 5 and 30-minute 
statistics over Akure 
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The relationship derived for the chosen location- Akure is 
therefore given as; 

 
1.3804

1 50.749R R  (5) 
   

 
0.8709

1 302.5657R R  (6) 
 

 
0.6813

5 301.7794R R  (7) 
 

As presented in Table 1, these coefficients vary significant-
ly across the locations.  

Comparing the numerical values derived for the ratio of  

exceedances at given rain rates (Ce(R)) across South-
Western Nigeria, the observed variation is presented in Table 
2 for the 5-minute conversion. The Highest value is obtained 
at Ile-Ife, while Akure has the lowest value. 

A similar Comparison on the CR(t) obtained for the conver-
sion of 5-minute rain rate statistics in South-West Nigeria also 
indicate that the numerical values obtained for Akure is rela-
tively lower than estimates determined in [3] for Ile-Ife (170.2 
km from Akure) and in [13] for Ogbomoso (105.5 km from 
Akure). Ogbomoso is about 110.7 km away from Ile-Ife. This is 
as shown in Table 3.  

It is apparent from comparison that the coefficients derived 
based on the power-law relationship actually vary significant-
ly from one location to another. Although the observation pe-
riod is around 2-years across sites (Ile-Ife, Ogbomoso and 
Akure), the sensitivity of the rain gauges and MRR differ and 
this might introduce some form of bias, and could be respon-
sible for the observed variation. Moreover, the distance be-
tween the pilot site (FUT Akure) and Iju could as well intro-
duce some biases on the 30-minute conversion for Akure. 
However, it could be negligible since the conversion coeffi-
cients are actually defined on statistics. The spatial variability 
of rainfall characteristics could also be accountable for this 
apparent variation in the conversion factors. 

4.1 Performance assessment 

Since the new data available at the sites are not substantial 
for the validation of the derived coefficients, their perfor-
mance is therefore assessed based on how good the fit on the 
initial data is. Hence, to determine the most suitable conver-
sion coefficient for Akure, the equivalent 1-minute rain rate 
statistics is predicted from the knowledge of 5 and 30-minutes 
statistics and is then compared with the measured 1-minute 
statistics available for Akure. The cumulative distribution of 
the predicted and measured rainfall intensities is shown in 
Figure 4 (a) for the 5-minute conversion, while Figure 4 (b) 
presents the cumulative rain rate distribution for the 30-
minute conversion. 

It is obvious from comparison that the equivalent 1-minute 
rain rate statistics is underestimated based on the conversion 
factors derived for this location. However, they remain vital 
prediction tools for estimating the cumulative rain rate distri-
bution and the point rainfall rate required for calculating the 
equivalent fade margin for communication system designs, 
especially in scenarios where the required 1-minute statistics is 
hard to come by. The prediction error is subsequently quanti-

TABLE 3 
VALUES OF CR(T) FOR Τ =1 MINUTE – FOR SITES IN SOUTH-WESTERN NIGERIA  

Location T 

(Min) 

CR 

(0.01) 

R0.01 

(mm/h) 

CR 

(0.001) 

R0.001 

(mm/h) 

Remarks 

Ile-Ife 5 0.68 80 0.64 130 2-year, 4-month data for Ile-Ife [3] 

Ogbomoso 5 0.42 24 0.53 77 2-year data for Ogbomoso [13] 

Ogbomoso 5 0.64 90 -- -- 10-month data for Ogbomoso [12] 

Akure 5 0.33 105 0.29 175 2-year data for Akure 

Akure 30 0.83 60 0.68 185 2-year data for Akure 

 

 

Fig. 3(b). Power-law relationship for equiprobable rain rates 
between 1and 30-minute statistics for Ogbomoso and Akure 

 

Fig. 3(a). Power-law relationship for equiprobable rain rates 
between 1and 5-minute statistics for Ile-Ife, Ogbomoso, and 
Akure.  
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fied so as to determine the most suitable conversion and rain 
rate statistics that best predicts the equivalent 1-minute statis-
tics for Akure. The prediction error at different percentages of 
the time is calculated using [11]: 

 

 100 P M

M

R R

R


 
  

 
 (8) 

 
where RM  is the measured 1-minute rain rate and RP is pre-

dicted 1-minute rain rate at any given probability of occur-
rence. The prediction errors, quantified on the performance of 
the conversion coefficients indicate that the 5 to 1-minute con-
version provides satisfactory performance over Akure. How-
ever, the performance of the 30-minute statistics is verified 
further by converting it to the equivalent 5-minute statistics 
using (7), and the 1-minute statistics estimated thereafter. Alt-
hough the 30-5-1-minute conversion recorded the least error at 
0.01% of the time, the direct 5-minute conversion is still the 
most preferred due to the good performance recorded at high-
er and lower percentages of the time. Figure 4 (c) shows the 
prediction error estimated at 0.001 – 1% of the time for the 
conversion coefficients derived from rain rate statistics over 
Akure. 

4.2 Seasonal variation of rainfall attenuation 

Nigeria enjoys a truly tropical humid climate which is dom-
inated by the West African monsoon system. Two main sea-
sons are experienced in Nigeria and they are: the wet and the 
dry seasons. The wet season is characterised with high rainfall 
events and usually observed between March and October i.e. 
the raining season, while the dry season is characterised with 
little and in some cases, no rain event. This is usually observed 
from November through February [20]. The seasonal rainfall 
variation is influenced by the movement of the Inter-Tropical 
Convergence Zone (ITCZ) [21], where the moisture-laden 
South-Westerly wind from the Atlantic brings cloudy and 
rainy weather, whereas the dry North-Easterly wind from the 
Sahara brings dusty and fair weather – often referred to as 
harmattan, usually experienced in the dry season. 

The 1-minute rain rate statistics predicted from the availa-
ble 5-minute statistics is used in quantifying the equivalent 
point rain rate across the seasons in Nigeria. Figure 5(a) shows 
the monthly variation of the equivalent 1-minute statistics 
over the observation period. As shown, the months of January, 
March, April and December 2011 recorded no rain event and 
the wettest months for the entire observation period are Octo-
ber for 2011 and June for 2012. The point rainfall intensity R0.01 
(mm/h) for the wet season is 80 mm/h while the estimate for 
the dry season is 20 mm/h. Figure 5(b) shows the seasonal 
cumulative distribution of the rainfall intensity over the ob-
servation period. 

Rain induced attenuation on the satellite downlink is sub-
sequently estimated using the global ITU-R model [22] for 
transmission in the Ku band (10 and 12 GHz) based on the 
specific attenuation [23] and effective path length [22] calcu-
lated for digital satellite television reception at the pilot site 
(7.170 N, 5.180 E) in Akure, using a horizontally polarized an-
tenna as a typical TV receive-only earth station terminal for  

 

Fig. 4(a). Cumulative rain rate distribution for the predicted 1-
minute statistics – from 5-minute 

 

Fig. 4(b). Cumulative rain rate distribution for the predicted 1-
minute statistics – from 30-minute  

 

 

Fig. 4(c). Prediction error estimated from conversion 
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the recently launched NIGCOMSAT 1-R satellite, which is 
geostationary at 42.50E. 

Results from the seasonal cumulative distribution in Figure 
5(c) indicate that rain attenuation is strongly dependent on the 
seasonal point rain rate estimates. The high rainfall intensity 

recorded in the wet season accounts for the correspondingly 
high rain attenuation distribution over this season. Observa-
tions in the dry season however indicate lower rain attenua-
tion distribution as a result of the low rain rate recorded over 
the harmattan season.  

Results therefore reveal that an additional fade margin 
would be required to guarantee system availability during wet 
season. For instance, about 13 dB of fade margin is required 
for planning 99.999% system availability in the dry season 
while additional 6 dB is required on the 12 GHz link in the wet 
season. In order to meet 99.99% availability objective, 7.8 dB is 
required for link designs in the dry season while additional 4 
dB would be required to cater for signal disruptions due to 
rain in the wet season at 12 GHz. On the 10 GHz link, 2.8 dB is 
required to meet 99.99% availability objective in the dry sea-
son while additional 1.7 dB would be required for optimal link 
design in the raining season.  

Hence, fade margin estimates for communication link de-
sign varies considerably with seasons of the year. This is simi-
lar to observations reported for seasonal fade margins in [14] 
and seasonal estimates for specific rain attenuation in [15] for 
variations across summer, autumn, winter and spring seasons 
over South Africa. The monthly attenuation estimates in [16] 
also confirms similar variation, although with predictions 
based on the recently proposed SC EXCELL model [18]. Con-
sidering the empirical nature of the ITU-R model and its de-
pendence on yearly rain rate statistics, the application for sea-
son prediction in this work is based on careful estimate of the 
seasonal cumulative distribution of the rainfall intensity as 
shown in Figure 5 (b). 

5 CONCLUSIONS 

Based on available rain rate statistics from measurement cam-
paigns in Akure, South-West Nigeria, representative conver-
sion coefficients have been derived for the prediction of the 
equivalent 1-minute statistics, which is the most relevant input 
for estimating the attenuation induced by rain on microwave 
and millimetric communication links.   
The power-law regression coefficients for Akure was com-
pared with conversion coefficients derived for other locations 
in South-Western Nigeria and in other locations outside Nige-
ria, where similar approach have been employed. Apparent in 
the result is the significant variation in the values obtained 
from one location to another – within and outside Nigeria. The 
prediction errors from the conversions were quantified and 
result shows that the 5-minute conversion provides satisfacto-
ry performance and hence more suitable for estimating the 1-
minute rain rate statistics required for propagation planning 
over Akure.  
The seasonal rainfall attenuation was estimated using the 
point rainfall rates estimated for the dry and wet seasons at 10 
and 12 GHz. Results reveal the seasonal variability of rainfall 
intensity and the corresponding impact on link designs on the 
basis of service availability objectives. It is clear from the re-
sults obtained that a larger fade margin is required for com-
munication system planning in the wet season, hence showing 
an additional fade margin of 4 dB, and 1.7 dB for 99.99% link 

 

Fig. 5(c). Seasonal distribution of rain attenuation in Akure be-
tween 2011 and 2012 

 

Fig. 5(a). Monthly accumulations of rainfall intensity over the 
observation period 

 

Fig. 5(b). Seasonal distribution of rain rate in Akure over the 
observation period 
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availability on the 12 and 10 GHz respectively. It is therefore 
obvious that conversion coefficients are site specific and are 
mostly defined on statistics. 
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