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Abstract 

 
Signal fluctuation and other rain induced propagation impairments are a common phenomenon on satellite 

communication links operating in the Ku frequency band. In a tropical location such as Akure, Southwestern Nigeria, (7.3oN; 

5.3oE), these impairments must be carefully investigated for the accurate determination of link budget. In this paper, we 

present the statistical analysis of sample data from Ku band, EUTELSAT (W4/W7) satellite beacon footprint at a frequency 

of 12.245GHz and elevation angle of 036oE over the location to determine the significance of rainfall intensity in the 

prediction of rain induced attenuation. Comparison of the predicted rain-induced attenuation computed using the measured 

data was carried out with some selected rain attenuation models such as the ITU-R, Garcia and Moupfouma, so as to 

determine which attenuation prediction model is most suitable for Ku-band satellite communication in the location. The 

results obtained show that the ITU-R rain attenuation prediction model under-estimates rain-attenuation in the location.  
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1. Introduction 

 

Spatial and temporal distribution of rainfall is a major research concern for telecommunication scientists and 

engineers because of its impairing effects on the propagation of microwave signals at frequencies above 7 GHz. Previous 
research works on rain effects on propagation in Nigeria have been based on rainfall data that were aggregated over hourly or 

daily periods and converted to one-minute integration time data as recommended by the ITU-R. However, rain data collected 

over longer-integration times tend to average out and under-estimate worst cases of rainfall intensity [1, 2]. 

  

It has been reported that at Ku-band, the attenuation is less than 1 dB during clear sky, but can be up to 10 dB during 

raining condition [2, 3]. Signal attenuation levels are in excess of 20dB in most tropical areas of the world [4] thereby 

resulting in network signal outages; especially for time-critical services like banking, tele-medicine, defense and in the 

military. It is prohibitively expensive to completely mitigate this degradation. To optimize system capacity utilization and 

cost, it makes economic sense to design satellite systems for an acceptable percent of time outage of 0.01% - which translates 

to system availability time of 99.99% [5] Some extensive and accurate rain attenuation models developed for GEO satellites 

over the past four decades include some unified and practical approaches based on the statistical description of the probability 
of exceedance such as [6] and the ITU-R models. The most effective method of obtaining cumulative rainfall distribution is 

through direct measurements of rainfall and attenuation data. 

  

This paper present the cumulative distribution of rainfall characteristics on signal propagation through direct 

measurement of rainfall intensities sampled every minute and the analysis of the real-time rain-induced impairments in the 

location. The rainfall rate was then used to compute the theoretical rainfall attenuation suffered by the signal with respect to 

the three prediction models: ITU-R 618-9, [7] ; Garcia-Lopez et al.,[8] and Moupfouma, [9]. The analysis focuses on the 

cumulative distribution of the rainfall amount, time series analysis of rainfall intensities on some specific days and 

comparison between measured and predicted values of rain attenuation.  

 
2. Experimental Site, Data Collection and Methodology 

 
The experimental site is located at the Department of Physics, the Federal University of Technology Akure (FUTA), 

Nigeria. Table 1 presents the characteristics of the experimental site and the parameters for the Ku-band satellite receiver at 
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the location. The down converted Ku-band signal is fed into the digital satellite meter and a spectrum analyzer for signal level 

analysis, logging and recording samples of viewed spectrum over finite periods of time on a computer system. Both satellite 

signal and precipitation measurements are done concurrently. The measurement of precipitation was done using the Davis 

Vantage Vue weather station, which logs rain rate and other meteorological parameters at one-minute integration time. The 

Davis weather station has an Integrated Sensor Suite (ISS), which is collocated with the outdoor unit of the beacon setup that 

is, the offset parabolic antenna. Fig. 1 presents the experimental set up used to concurrently measure and record rain-rate, rain 
attenuation, signal loss, and noise threshold at the FUTA location. 

 

 

 

 
Measurement site FUT, Akure (7o17’N, 5o18’E; 358 m) 

Climatic region of the site Rain forest 

Max/Ave/Min 
Temperatures  

45 oC /28  oC /15 oC 

Satellite Name/Number EutelSat; W4/W7 (DSTV Multi-choice) 

Satellite signal frequency  12.245GHz (H) 

Symbol rate 27,509 bps 

Satellite elevation (Orbital) 036E 

Satellite Geo-station 
Lookup 

042E 

Transponder power (Max) -81dBμV 

Antenna diameter 90cm 

Rain Equipment 

/Integration time 

NECOP equipment /5mins (Jan-May) 

DavisVantage Vue ISS Weather station & 
Weather Link (WL)/One min (Jun-Dec) 

 

3. Results and Discussion 
 

3.1 Evolution of Intense rainfall Events 
 

Results of some rainfall events and their effects on the performances of Ku band signals in the study location. The 

objective is to understudy the intensity of rainfall at particular hours of the day throughout the given months. This would give 

an indication of the types of rain impairments experienced for those times of the day. As seen in figure 3, we present the time 

series of rain evolution during the months with the most intense rainfall rates at the station. Figure 3, September is the month 

with the highest rainfall during the study period. The results from the time distribution of rainfall for the whole month of 

September (Figure 4) showed that high intensity rainfall occurred intermittently, in the early hours of the day (00:00-06:00 

LT) and in the noon/evening time of the day (12:00-24:00 LT). For October, shower rains occurred from daytimes to late 

evenings (08:00-20:00 LT), more intensely but not as frequent as it was in September. These time windows coincide with the 
business hours of the day when internet cafes, banks, ATM machines and other time critical applications experience 

disruptive communication such as slow network or complete network outage. It is also worth noting that the preponderance 

of bad network and signal outage in the month of September might have been partly due to the prevalence of all-day rainy 

events with characteristic drizzle and widespread stratiform rains of rainfall rates between 1-12 mm/h. 

 

  
 

3.2 Case study of Time series of Rainfall Rates 
 

We also selected some rain events to present the time series of rain rate during these months (Sept and Oct 2013). 

The first rain event of intense rainfall rate occurred in Akure on 22nd September, 2013 as presented in figure 4. It was a 
convective shower event with a double intense peak and occurred for about 20 and 30 mins respectively. The events were  

Figure 3: a) Monthly Rainfall. b) Time series of evolution of  rain events in the months of Sept and Oct 2013 

Figure 1: Experimental set-up 
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Table 1: Characteristics of the experimental site and 

specification of parameters for the Ku-band Link 

 



 

 

followed by 3hours stratiform rainfall type. In the night time, there were about 40 consecutive minutes during which rain 

rates were below 2 mmh-1.  

 

 
 

Time series of rainfall during a typical rainy event of 17th October, 2013 (shown in continuous line), indicates the 

reception pattern at Ku-band as seen in Figure 5. There is a very good correlation between the attenuation of the satellite 

signal and the rain rate recorded by the rain gauge. The general observation during the rainy events is that Ku-band signal 

attenuation commences several minutes (about 10 to 15 minutes) before the onset of point rainfall, once there is cloud cover. 

The flat portion of the attenuation graph is the period of complete signal outage, when Direct to Home (DTH) output reads 
“NO SIGNALS”. At such points, the output from the SATLINK digital meter reads: signal quality = 0; BER and CN – 

“N/A” (that is Not Applicable or indeterminable); Reference power level – 16 dBµV. 

 
3.3 Cumulative Distribution of Rainfall Rate 

 

Figure 6 presents the cumulative distribution of one-minute rain rate over the study location. The results are presented to 

access the relationship between ITU-R recommendations P. 837-5 [10] and the measured results. We observed a good fit for 

the location at lower percentages of availability and low rain rates (lower than 20 mm/h). However, considerable differences 

are obtained between the measured data and the ITU-R model at higher percentages of availability and high rain rates (greater 

than 50 mm/h). For example, the rain-rate exceedance measured at 0.01 percent of time is 90 mm/h, which is much higher 

than the estimated value of about 65mm/h by the ITU-R model. The underestimation here is about 30%. This indicates that 

ITU-R underestimates rainfall intensities at higher rain rates, while it closely estimates intensities at lower rain rates. This 

agrees with previous observations by some researchers like [1, 11]. It can be seen clearly that higher rain rates are pretty rare 
and hardly account for 0.01 and 0.001 % of an entire year. It is during such times of the year that maximum attenuation due 

to rainfall can be best studied.  

 

 

 

 

 

 

 

 

 

 

 

 
3.4 Comparison with classical rain attenuation Prediction models 

 
We compared the measured attenuation with some classical rain attenuation models using point rain rate and the 

same presented in figure 7. The models considered include the ITU-R, Garcia and Moupfouma rain-induced attenuation 

models. This is to ascertain which model is most suitable for predicting rain attenuation based on statistical analysis of one-

minute rainfall rate data in the study location.  Results in figure 7 indicate that attenuation prediction using Moupfouma-
model is the closest to the measured values followed by the ITU-R prediction model. While Garcia model excessively over-

estimates rain attenuation for the region, the ITU-R model actually under-estimates attenuation in the location to a lesser 

extent. This observation is in agreement with the results earlier obtained by [12] and [13]. This further underscores the 

requirement by ITU-R that: for accurate prediction of rain attenuation, rainfall statistics must be aggregated on at least one-

minute integration time basis. However, these findings are not necessarily conclusive since the previous investigations were 

Figure 4: A typical time series of rain rate during the rain 

events 22
nd

  September, 2013 

 

Figure 5: Reception attenuation and rain rate level on 

October 17
th

 2013 at Akure 

 

Figure 6: Comparison of CDF of measured rain rate 

with ITU rain rate value 

Figure 7: Comparison of rain attenuation prediction 

models with measured data 



 

 

based on long-term (20 to 30 years) accumulated statistics of rainfall aggregated on hourly basis. The present investigations 

though based on shorter one-minute integration rainfall data is for a very short period of about one year.   

 

4. Conclusion 
 

In this paper, the performance of Ku-band satellite signals during rainy condition in Akure, Southwestern Nigeria 

has been presented. Further analysis on diurnal variation of rain rates indicate that maximum rainfall occurs mostly during 

the business hours of the day and late in the evening hours (06:00-22:00). The time series of rainfall during a typical rainy 
event indicates the reception pattern at Ku-band that shows a very strong correlation between the attenuation of the satellite 

signal and the rain rate recorded. Comparison of measured rain rate with ITU-R indicates that the ITU-R model 

underestimates rainfall intensities at higher rain rates above 25mm/h, and above 99.5% of times, while it closely estimates 

intensities at lower rates below 20mm/h and for 99% of times. Among the rain attenuation models tested with the measured 

attenuation; the Moupfouma model was found to be the most suitable for estimating rain attenuation in the region. However, 

as more data is accumulated and tested, especially for worst cases of rain rates above 120mm/h, the accuracy of the results 

would improve. 
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