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Abstract 
 

Knowledge on clear-air effects is of paramount importance to proper link budgeting for optimum communication systems design perfor-

mances. In this paper, one-year (January - December 2013) tropospheric scintillation data are extracted from the EUTELSAT-36B Ku-

band satellite measurements installed at Akure (Lat: 7.17 oN, Long: 5.18 oE, Alt: 358 m) for statistical analysis and the result compared 

with some established troposphere scintillation models in order to obtain the best prediction model performance for this region. The re-

sult shows that even in the absence of rain, tropospheric scintillation shows a strong seasonal effect in this region up to amplitude above 

0.92 dB. The scintillation intensity fits better to gamma distribution at a high scintillation level taken into consideration the local meteor-

ological parameters. Models comparison with experimental data also shows that the Karasawa model with the lowest percentage error of 

about 7% was found to be best fit for predicting propagation impairment relating to be fading at a Ku band frequency in this region. The 

overall results will provide information on scintillation margin needed for sizing antennas and amplifiers for reliable performance and the 

average bit-error probability on a scintillation-degraded digital satellite link in this region. 
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1. Introduction 

The fast growth of technology in the present day cannot be over-

emphasized. New technological systems are being developed eve-

ry day to enhance better performance. This includes, but not lim-

ited to the introduction of mobile and fixed digital telecommunica-

tions in the K-band (Ku and Ka-band Frequencies) based on very 

small aperture terminals (VSAT), clusters of low-elevation orbit 

(LEO) satellites and wireless multipoint distribution services 

(MDS) with link margins for high availability [1-3]. In order to 

meet up with the challenges, there is a need to adapt some features 

into the system designs among which involved increase of channel 

frequency and the decrease of the antenna aperture and elevation 

angle. Aside rain attenuation effect on signal operating at high 

frequencies (> 10 GHz), tropospheric scintillations have been 

described as one of the major problems in the link budget design 

of microwave and millimeter-wave communication systems [4-6]. 

It results in a significant degradation of the signal-to-noise ratio 

(up to several decibels) and their effects increase as the operating 

frequency increases and the look-angle elevation of the satellite 

decreases.  

Furthermore, troposphere scintillation is known to show a strong 

correlation with some meteorological parameters such as tempera-

ture, humidity and refractive index variations of propagation me-

dia [7]. High temperature and humidity give the greatest scintilla-

tion amplitudes for a given path. Tropical climates are character-

ized by high temperature and high humidity; hence they have 

higher scintillation amplitude than temperate climates. Tropo-

sphere scintillation is generated by the small-scale fluctuations of 

the refractive index due to turbulence, which affects the curvature 

of the electromagnetic wave path and gives some insight into the 

fading phenomenon and enhancements of the received signal am-

plitude [8]. Generally speaking, a more significant concern is that 

scintillation occurs continually, irrespective of the clearness of the 

sky, because the temperature and humidity remained in the air 

even on bright days. Therefore, to achieve systems with low fade 

margin, scintillation effects must be properly accounted during 

link budgeting, especially those at high frequency and low eleva-

tion angles [9].  

In a similar work carried out by Mandeep and Islam [6] on the 

subject matter, one-year data (1999-2000) measured using SU-

PERBIRD-C satellite in Tronoh, Malaysia was used to estimate 

and compared with some of the statistical troposphere models. 

Eight of the statistical models of monthly mean scintillation inten-

sity were reviewed, and their predictions compared with meas-

urements. Based on their results, the Karasawa and Ortgies-T 

models were found to have the best overall performance in the 

region. Cheng and Mandeep [10] also analyzed tropospheric. 

Scintillation based on data from a satellite link installed in Ban-

dung, Indonesia, at a frequency of 12.247 GHz from 1999 to 2000. 

The data are processed and compared with the predictions of sev-

eral well-known scintillation prediction models. The result re-

vealed that the ITU-R model gave the lowest error rate when pre-
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dicting the scintillation intensity for fade at 4.68%. These two 

results, among others [3 -5] indicated that there is no universal 

model, especially in the tropical regions due to the variation of the 

meteorological parameters. Hence, generalizing signal degradation 

arising from the clear-air effect may either underestimate or over-

estimate the link budgeting needed in the design of satellite com-

munication systems. Although this paper used the method earlier 

adopted by [6] and [10], the differences lie in the usage of the 

entirely new measurement site with different meteorological pa-

rameters, different years of measurements, different satellite look 

angle and the type of rain gauge used.  

The subject matter has also started receiving attention in Nigeria. 

For example, in the work carried out by Agunlejika et al. [11] on 

the subject matter, scintillation prediction over some randomly 

selected cities was estimated based only on ITU model. However, 

the result was never tested with any real-time experimental meas-

urement.  

In this study, we have estimated and compare the level of tropo-

sphere scintillation that could be encountered through the Earth–

space links in a tropical climate based on characterization and 

analysis of time series EUTELSAT-36B Ku-band satellite signal 

and make a comparison with the existing scintillation prediction 

models. The models are used as an interaction tool between mi-

crowave radiations and turbulent medium to evaluate the received 

scintillation power and its spectrum in a given frequency band and 

for a given elevation angle [12] and to also propose which of them 

will fit the region under consideration. The troposphere scintilla-

tion models are deduced based on local meteorological data name-

ly: temperature (t), pressure (P) and relative humidity (H) obtained 

from the databank of the Tropospheric Data Acquisition Network 

(TRODAN) ground observation measurement.  

The remaining part of this paper is organized as follows. Section 2 

gives the overview of some scintillation prediction models. This is 

followed by information on experimental setup and data pro-

cessing in section 3. Section 4 provides detailed results and dis-

cussion. Finally, Section 5 concluded. 

2. Overview of some scintillation prediction 

models 

A detailed estimation of the accessibility of a satellite connection 

can be obtained based on the knowledge about the distribution of 

scintillation intensities, which expresses the level of scintillation 

amplitude fluctuation. There exist several models for predicting 

troposphere scintillation based on meteorological measurement. 

Among the numerous models, we have selected four prediction 

models for this study: Otung [13], Van de Kamp [14], Karasawa 

[15], and ITU-R P. 618-12 [16]. The models were selected based 

on their correlation with the wet refractive index value and the 

ability to predict long-term distribution propagation signals. The 

major parameters used by most of these models are as follows: ref 

is the standard deviation of the signal amplitude. G(x is an antenna 

averaging factor,  represents the path elevation angle. F is the 

operational frequency. Nwet represents the wet term of the tropo-

sphere refractivity (3.73 x 105e/T2), e and T are the water vapor 

pressure (mb) and absolute ambient temperature averaged over the 

period (> one month), D is the diameter of the earth-station anten-

na (m), η It represents the antenna efficiency, and p is the percent-

age of time (%)- all these parameters are readily available. Each 

model gives the value of the scintillation parameter exceeded on a 

given satellite link during p% of the period. 

2.1. ITU-R model 

The ITU-R scintillation model based on measurements and theo-

retical frequency dependence and aperture averaging effects, esti-

mates the average scintillation intensity in terms of the standard 

deviation of the deviation of signal fluctuation due to scintillation, 

 asi over a minimum period than one month. The model is repre-

sented as: 
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Other parameters are h = 1000 m is the height of the turbulent, Re 

~ 8.5 x 106 m is the effective Earth radius and k are the wave 

number (m-1). 

Hence, scintillation fading A (p) can be obtained for 0.01 < p < 50 

as: 
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2.2. Otung model 

This model is based on the modification of ITU-R Model by con-

sidering the theoretical dependence of  asi on  as sin ()-11/12. 

Thus transforming equation (1) as: 
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Thus, scintillation fading A (p) and enhancement E (p) for signal 

level can be obtained respectively as: 
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2.3. Van de kamp model 

 

The Van de Kamp slightly modifies the ITU-R Model as repre-

sented by: 
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Also, scintillation fading A (p) and enhancement E (p) for signal 

level can be obtained respectively as: 
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2.4. Karasawa model 

The Karasawa model for the predicted scintillation intensity is 

given as: 
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Where  n is the normalized intensity and G (Da) is the antenna 

aperture averaging factor given by: 
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And 
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Where  is the wavelength in m, Da is the effective antenna di-

ameter and Ld is the distance of the turbulent part of the path given 

as: 
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The corresponding signal fading is given as:  
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While the signal enhancement can be expressed as: 
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3. Experimental set-up and data processing 

The experimental site is at the Federal University of Technology, 

Akure FUTA (Lat: 7.17 oN, Long: 5.18 oE, Alt: 358 m), Nigeria. 

The meteorological data measured from January 2012 to Decem-

ber 2013 was obtained from the databank of the Tropoxspheric 

Data Acquisition Network (TRODAN) propagation measurement. 

TRODAN formerly known as Nigeria Environmental and Climat-

ic Observatory Program (NECOP) is a project that was set up to 

monitor the lower atmosphere. The lower atmosphere is a region 

which covers from the surface of the Earth to the altitude of about 

11 km. This project is designed to collect and provide real-time 

meteorological data from different locations across Nigeria using 

automatic weather stations for the purpose of research and devel-

opment [17]. The automatic weather stations comprise of sensors 

in unit that measured soil moisture content (volume of water), 

wind speed and wind direction, air and soil temperature, relative 

humidity, rain rate among others. Detailed description about the 

TRODAN set-up is available in [17], [18]. The meteorological 

variables needed in this work are the water vapour pressure (mb) 

and absolute ambient temperature averaged over the period of 

each month for the determination of the wet term of the tropo-

sphere refractivity. Manual sorting was carried out on raining 

events based on 0.2 mm tipping bucket rain gauge which is time 

synchronized measurement [8]. 

 The beacon experimental data were extracted from a 12.245 GHz 

Ku-band signal EUTELSAT 36B measurements installed at an 

elevation angle of 42o and at a sampling rate of 1 Hz. A small 

integration time of 1 Hz is chosen to sufficiently characterize 

troposphere scintillation as reported in the work of Cheng and 

Mandeep [10]. The 0.6 m offsetted parabolic dish antenna of the 

beacon measurement was fixed upon a pole in a fenced area be-

sides Physics building of the University. Sampling of the received 

signal at every 0.1 s was done using the spectrum analyser placed 

inside the Communication Research Laboratory (CRL). The whole 

measurement spans between January and December 2013 and 

comprises both the rainy and dry season months. During the ob-

servation period, the availability of data was about 96.8%. The 

remaining 3.2% of unavailability of the data was due to system 

maintenance. 

As reported in [15], scintillation usually occurs irrespective of 

whether the sky is clear or rainy. During rainy periods, the level at 

which signal fluctuates as a result of troposphere scintillation usu-

ally accompanied signal-level attenuation due to rain, non-rain 

events were separated from the rain events in the experimental 

data. In addition, any spurious samples resulting from loss of lock 

due to the satellite propellant saving option and satellite move-

ment were visually removed from the raw data [6]. 

The analysis of the scintillation intensity reported in this paper is 

estimated based on the standard deviation of the amplitude fluctu-

ations integrated over 1 min. The beacon level is displayed in dB 

in a real time on the Sat link meter and subsequently stored in the 

hard disk. To achieve better spectral analysis, the data were ex-

tracted by passing through a fifth-order high-pass Butterworth 

filter with a 0.04-Hz cut-off frequency. After the filtering process, 

the resulting data consists of positive (enhancement) and negative 

(fade) scintillation amplitude fluctuations above the mean level 

[19], [20]. Performance evaluation of each of the scintillation 

models is therefore tested based on the fractional percentage error. 

4. Analysis and results 

This section gives a comprehensive analysis of the distribution of 

scintillation intensity and relates it to peak to peak at scintillation 

amplitude fluctuations. Many useful findings about the probability 

distribution of intensity and the seasonal and diurnal pattern of 

scintillation are reported. 

4.1. Analysis and characterization of clear-sky scintilla-

tion 

Analysis and characterization of the results of clear-sky scintilla-

tion is presented throughout this section.  

4.1.1. Time series analysis of clear-sky scintillation 

Figure 1 shows a typical signal level variation of troposphere scin-

tillation by the broadcasting satellite at 12.245 GHz. The scintilla-

tion level of about 1.6 dB peak-to peak (pp) was obtained with a 

peak extracted variance of about -0.15 dB2. The dynamic of the 

clear sky could be seen based on the 0 dB in the plot. The rapid 

fluctuation in the Earth-space signal tends to be enhanced by the 

atmospheric turbulent, especially the cloud liquid water and this 

could lead to scintillation. The fluctuation observed in figure 1 

shows a clear influence of rain-induced attenuation in the tropo-

sphere scintillation time series. However, using the cut-off fre-

quency of 40 mHz as presented in figure. 2, the actual effect of 

scintillation with the absence of rain-induced attenuation could be 

seen. The results will assist in the designing an adaptive algorithm 

for power control, coding rate technique as well as other counter-

measures for microcell diversity [13]. 
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Fig. 1: Typical Example of Tropospheric Scintillation Observed with A 

Cutoff Frequency of 4-MHz for 120 Min. 

 

 
Fig. 2: Typical Example of Tropospheric Scintillation Observed with A 

Cutoff Frequency of 40-MHz for 100 Min. 

4.1.2. Probability distribution of tropospheric scintillation 

A probability density function presents how likely to observe a 

specific value at any given point for any random variable. It also 

gives the ability to predict the expected value of any process at 

any given time. Two probability distribution functions commonly 

used are considered throughout this work namely: the log-normal 

distribution and the gamma distribution models.  

For the log-normal distribution, a positive random value as the 

scintillation amplitude  is said to be log-normally distributed if 

the logarithm of  is normally distributed [21],  

 

ln () ~ N(µ,σ2)                                                                          (21) 

 

If  and  represents the cumulative probability distribution func-

tion and the probability density function respectively for N (0.1) 

distribution then, the probability density distribution can be ob-

tained follows: 
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For the cumulative distribution function, the variable function is 

given as:  
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Where  is the cumulative distribution function for a standard 

normal distribution representing N (0.1). Equation (26) can also be 

expressed as: 
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Where erfc is the complementary error function.  

Gamma distribution contains wide range of specific distributions 

with the probability density function for scintillation amplitude  

is given as: 
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Where (α)is a complete gamma function. 

Also, the cumulative distribution function is expressed as; 
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Where (α, βx) is the incomplete gamma function. 

The parameters α and β are related to standard deviation, mean 

and variance as:  
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Where m and σ are the measured mean and standard deviation of 

 respectively. 

Figure 3 presents the long-term probability density function (pdf) 

of scintillation amplitude series extracted using a high-pass filter 

cutoff frequency, fc of 0.04-Hz for the period under review. Alt-

hough both lognormal and gamma distributions show similar 

shapes, the gamma model proved to provide a good performance 

for the scintillation amplitude while the lognormal departs from 

the pdf-measured scintillation intensity. It could also be seen that 

the pdf has a positive skew for a long-term observational period, 

especially for the strongest intensities. This should be expected 

due to the absence of rain as a result of the cumulus clouds that 

lead to a burst of strong scintillation during the event of cumulus 

clouds across the path [10]. The information from the pdf scintilla-

tion amplitude may assist to derive the probability of average bit-

error on the scintillation-fading digital satellite link in the region 

[13], [22]. 

 

 
Fig. 3: Long –Term Probability Distribution of Scintillation Amplitude. 

4.1.3. Monthly and annual analysis of tropospheric scintilla-

tion 

Figure 4 presents the monthly mean value of measured scintilla-

tion intensity, ref. It is estimated by calculating the standard devi-

ation of the signal amplitude over an one-minute interval from the 
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attenuation of time series. The mean value scintillation intensity is 

generally stronger in wet seasons than dry season. The fact re-

mains that the mean monthly scintillation intensity depends on the 

wet term of the troposphere refractivity Nwet -see equation (2) 

under section 2.1. The value reaches a maximum of 0.07 dB in 

October and followed by 0.065 dB in July.  

The monthly maximum of measured scintillation intensity is also 

presented in figure 5. More usually, the average scintillation inten-

sity has generally stronger influence in the dry season than wet 

season. The scintillation intensity reaches the maximum of 2.2 dB 

in November and following by 1.9 dB in January. 

 

 
Fig. 4: Monthly Mean Values of Measured Scintillation Intensity. 

 

 
Fig. 5: Monthly Maximum Occurrence of Measured Scintillation Intensity. 

 

The cumulative distribution functions (CDF) of the scintillation 

enhancement amplitude (positive log-amplitude) and fade ampli-

tude (negative log-amplitude) is presented in figure.6. The long-

term scintillation amplitude is processed only during clear-sky 

events. The negative signal deviations or fade amplitude is aver-

agely larger than the positive log-amplitude enhancement because 

of the large signal fluctuations caused by the refractive index in 

homogeneities impacted by strong atmospheric turbulence in the 

clouds as the signal propagates through the troposphere. The fade 

signal level deviates from the enhancement level at 0.7% of time 

and the magnitude increases towards the lower time percentages. 

The deviation may be due the presence of the cloud liquid water 

along the propagation path, and the commencement of the for-

mation of convective rain type [23]. 

 

 
Fig. 6: Annual Cumulative Distribution of Signal Level. 

4.2. Performance of scintillation models 

Figure 7 (a and b) shows the comparison of the measured data 

with the predicted model for fade and enhancement level respec-

tively. The comparison is to understand the limits of each predic-

tion model and the degree of the applicability in this region. In 

figure 7 (a), the Karasawa model shows an approximate close 

agreement with the measured signal fading scintillation amplitude 

values for the entire prediction percentage time. This is because 

the model was developed based on the data collected during no-

rain period with a strong relation between the scintillation charac-

teristics, and the water vapour contribution effect on the refractivi-

ty index obtained from the local humidity and ground temperature 

data. The model was developed based on higher elevation angles 

and temperature. The ITU model follows after Karasawa model, 

while Otung model deviates significantly from other models in-

clusive of the measured scintillation fading in this region. This is 

due to the difference in the elevation angle, the frequency and the 

location of the experimental data that were collected. 

In figure 7 (b) which illustrates the comparison with the signal 

enhancement scintillation measurements with the predicted mod-

els, the Karasawa, Van de Kamp and Otung models follow the 

same trend as fading with little deviation in their predicted values. 

Otung model still maintained the lowest deviation from the meas-

ured data. ITU model is omitted because the model was not de-

signed to produce results in scintillation enhancement. 

 
(A) 
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(B) 

 
Fig. 7: Comparison of the Measured Data with the Predicted Model for 

(A) Fade and (B) Enhancement. 

 

The comparison between the measured and the models can better 

be presented based on the statistical analysis using the percentage 

fractional error as: 
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Where A (p) is the Scintillation amplitude at a specific time per-

centage, p. The same is applicable to enhancement, E(p) as the 

case may be.  

Table 1 presents the statistical comparison between fades and 

enhancement with scintillation prediction models. We observed 

that at all the percentages of time considered; Karasawa model 

gave the lowest percentage error with minimum error of about 7% 

at 1% of the time (scintillation fading and enhancement) and max-

imum of 20% and 25% at 10% of the time for scintillation fading 

and enhancement respectively. It follows closely to the Karasawa 

model is the ITU model for scintillation fading where the percent-

age error range between 19 and 63% at 0.01-10% of the time. All 

other models have a high error percentage with Otung model giv-

ing the highest error values for both fade and enhancement scintil-

lation. Judging from this analysis and based on the present data, 

Karasawa model was found to be best fit for predicting propaga-

tion impairment relating to scintillation in the tropical region un-

der consideration. 

We also examined the seasonal variation of scintillation intensity 

as presented in figure 8. We observed strong scintillation events 

between November and March in the measured data, the Karasawa 

and Otung model. However, the reverse is the case for the remain-

ing two models (Van de Kamp and ITU), which show weak scin-

tillation event during the same months. The strong scintillation 

events may be as a result of high temperatures and the presence of 

convective clouds during the period. As a matter of fact, during 

this period, the ground temperature can be as high as 32oC, which 

is synonymous with the coverage of cumulus clouds across the 

sky [6]. Thus, it can be concluded that scintillation increases when 

the density of water vapour in the atmosphere is higher, which 

may be one of the reasons why it is more strongly revealed around 

the months of November and February, with its high temperatures 

and high humidity. However, the weak scintillation observed dur-

ing same months by the ITU and Van de Kamp models may be as 

a result of the high dependence on the Nwet of the rain events. This 

may also be one of the reasons why ITU model shows strong scin-

tillation during the wet seasons. Scintillation strength is therefore, 

stronger during the dry-season months when compared to the wet 

season months. Furthermore, it can be stated that the high scintil-

lation strength is associated with high humidity and Nwet in dry 

season. The summary of the monthly variability of standard devia-

tion of the scintillation intensity is presented in Table 2. 

 

 
Fig. 8: Monthly Variability of Standard Deviation of the Scintillation 
Intensity Compared with Prediction Models. 

5. Conclusion 

Experimental analysis and comparison of clear-air scintillation 

prediction models have been presented in this paper. Four models, 

namely: Karasawa, ITU-R, Van de Kamp, Otung models were 

compared with the measured scintillation data obtained from the 

EUTELSAT-36B Ku-band en route over a tropical climate in 

Nigeria. The measured fades to stretch up to 0.92 dB at 0.01% of 

the time, while the measured enhancements stretch up to 0.83 dB 

at 0.01% of the time. Scintillation strength is also observed to be 

stronger during the dry season when compared to the wet season 

in this region. Based on the percentage fractional error statistical 

analysis, Karasawa model gave the lowest percentage error with 

minimum error of about 7% when compared with the measured 

scintillation data. This is closely followed by the ITU scintillation 

model. In overall, Karasawa model gave the best scintillation in-

tensity predictions and found to be suitable for use in Akure and 

its environs. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 1: Percentage Fractional Error of the Models 

Time Percentage 
Fractional Error % 
Fades Enhancement 

 
Karasawa ITU Van de Kamp Otung Karasawa Van de Kamp Otung 

0.01 15.83331 25.21377 56.15921 62.46375 12.73090 56.52032 66.81157 
0.1 14.56581 31.99118 48.38463 65.54942 16.75449 50.67971 68.82811 

1 7.094454 19.03890 57.05565 73.72232 7.981261 70.94454 79.27787 

10 20.17614 63.50948 75.73170 84.62059 25.94075 76.84281 86.84281 
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Table 2: Monthly Variability of Standard Deviation of the Scintillation Intensity 

   Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average 

ITU 0.3545 0.3531 0.3471 0.3871 0.4095 0.4195 0.4215 0.3915 0.4115 0.4090 0.3874 0.3644 0.3880 
Van de Kamp 0.3191 0.3179 0.3124 0.3484 0.3686 0.3486 0.3576 0.3276 0.3376 0.3682 0.3487 0.3280 0.3402 

Karasawa 0.4838 0.4972 0.4701 0.4573 0.4638 0.4638 0.4504 0.4638 0.4518 0.4832 0.4938 0.5007 0.4733 

Measured 0.5711 0.5911 0.5711 0.5309 0.4971 0.4852 0.4771 0.5011 0.4991 0.5005 0.5511 0.5213 0.5247 
Otung 0.2771 0.2793 0.2801 0.2509 0.2381 0.2481 0.2418 0.2681 0.2581 0.2880 0.2981 0.2981 0.2688 
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