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Tropospheric scintillation which causes rapid fluctuation of signal due to the
turbulence in the atmosphere is of significance in satellite link budget
design. Existing models that predict the intensity of scintillation such as
Karasawa, International Telecommunication Union Radiocommunication
(ITU-R) Sector, Otung, Van de Kamp and Ortgies are not appropriate for

predicting scintillation intensity (SI) in Nigeria due to localization of the

models to particular regions. The monthly average air temperature and
Keywords: relative humidity for Ikeja and Abuja, Nigeria, retrieved from the Nigerian
Meteorological Centre data bank were used for the investigation.

ITU-R An elevation angle of 5° was used as look angle, antenna diameter of 0.3 m,
Karqsawa 40 GHz and 45 GHz frequencies were considered in this study. The existing
Ortgies scintillation model values were then compared with the measured values for
Otung the two locations to determine the best performance model. The SI results at

Tropospheric scintillation
Van de kamp

40 GHz and 45 GHz were obtained for each of the existing models. It could
be deduced from the results obtained that orgies model values were the most
closet to the measured values. Therefore, Orgies-N model was the most
appropriate for Sl prediction in Ikeja and Abuja.
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1. INTRODUCTION

Tropospheric scintillation occurs due to signal fluctuations resulting from variation in density of the
atmosphere caused by turbulent mixture of air mass. It is also triggered by temperature inversion and change
in level of humidity at different layers of the atmosphere. Scintillation caused by atmospheric disturbances is
dependent on location, time, frequency and exists on line of site links and more pronounced on earth-space
paths at frequencies above 10 GHz [1]. According to [2], tropospheric scintillation can either result into
destructive interference of signals which could affect the availability of low fade margin systems that
required tracking systems and fade mitigation techniques. Scintillation occurrence is constant regardless of
the condition of the sky whether it is clear or raining [3]. Thus, its effects must be taken into consideration for
the design of link budgets in low fade margin systems especially for satellite systems operating at narrow
frequency bandwidths, also those at high frequencies and low elevation angles [4]. There are a number of
scintillation prediction models proposed to investigate the severity of scintillation in satellite communication.
These include Karasawa model, International Telecommunication Union (ITU) model, Otung model, Van de
Kamp model and Ortgies models which are based on data collected from countries like Japan, Germany,
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Finland, United Kingdom, United States. These are geographical locations with a four-season climate
(spring, summer, autumn and winter). These models may not be appropriate when used in tropical country
like Nigeria that has a two-season climate (rainy and dry season) and are characterized by high humidity,
uniform temperature and ample rainfall. This is because Nigeria’s climate pattern is different as compared to
the four seasons’ countries. The investigation of severity of scintillation and how it affects satellite
communication in tropical regions like Nigeria has also been carried out [5]-[9]. It could be seen that the
various works carried out on tropospheric scintillation in Nigeria are majorly based on the International
Telecommunication Union Radiocommunication (ITU-R) model and from works carried out in different
regions of the world, the ITU-R model is not necessarily the best model for all regions in determining the
severity of scintillation [10]. This makes it rather necessary to determine the preferable model to be used in
the Nigerian region. In this study, investigation of the relationship between scintillation and frequency has
been carried out, results for the different models are compared with the result obtained experimentally
by [11]-[13]. The contributions of this paper are the Orgies N model has been discovered to be the best
model applicable to the Nigeria region out of the six scintillation models under study. Also, the wet term
refrativities and scintillation intensities (SI) for Abuja and Ikeja, Nigeria, were obtained. The results of this
research could be used by satellite communication engineers for accurate planning and setting of links budget
during satellite design. The remaining paper is organized as: tropospheric scintillation prediction models are
presented in section 2, while section 3 discusses the details of the method used. Section 4 depicts the
simulation results with performance comparison, while section 5 concludes the paper.

2. TROPOSPHERIC SCINTILLATION PREDICTION MODELS

As previously discussed, development of different models has been undertaken under diverse
conditions and locations. This implies that the suitability of these different models depends on environment
of usage and development. The models considered for this study are the Karasawa model, Otung Model, Van
De Kamp model, ITU_R model, the Orties T and N models.

2.1. Karasawa model

This model was the first model to integrate meteorological data in its analysis. It is suitable for a
four-season geographical location. This model tries to address problem that arises from Comité Consultatif
International pour la Radio (CCIR) model. CCIR model’s problems lie in the fact that it lacks meteorological
element as such, regional and seasonal dependency of scintillation cannot be determined with the model and
also because CCIR model works best at an elevation angle of 1 degree. The scintillation intensity for
Karasawa model g, is given by [14] as in (1):

Okar = 0.0228(0.15 + 5.2 X 107N, )f % |=2m- dB @)

where G, 6, Ny, D, and f are antenna gain factor, elvation angle, humidity, antenna diameter and

frequency, respectively. If 8 is <5°, then sin 8 is replaced with sin 8 + ,/sin?6 + 2h/R, where h and R, are
height and effective earth radius, respectively. The effective antenna diameter D, ¢ is given by (2):

Deff = \/an 2

where 7 is aperture efficiency. The N, depends on temperature T, saturation water vapor pressure, e€s,
Humidity H and is given in (3).

3,732
Nyer = (2734T)2 H-eSDeff = \/an 3)
es = 6.112 exp (10 ) (KPa) &)
’ p 273+T

The meteorological input parameters must be averaged over a period of about a month so that the model does
not predict short-term scintillation variations with daily weather changes [14].

2.2. ITU-R model

The model is based on indirect measurements with the data used for its development obtained from
the ITU-R data bank [15]. It is suitable for prediction of scintillation on a link with elevation angles in the
range of 4° to 32°, antenna diameters between 3 and 36 m, and frequency range of 7 to 14 GHz. (ITU-R
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P.618-12 [11]-[17]. The model adopts the same basic formulation as the Karasawa model with its long-term
scintillation variance expressed as corresponded to Nwet, which is a function of relative humidity H (%) and
temperature t (°C), measured at ground level. The scintillation intensity for ITU-R model a;7,_g is given by
ITU-R P.618-12 [15] as in (5).

7
_ Oref fﬁg(x)
OITU-R = “(singyiz ©)

arer IS the referenced scintillation intensity given by (6).
Opes = 3.6 X107 + N, X 10™* dB (6)

The antenna averaging factor g (x) is given in (7):
n 11 1 S
g(x) =.,/3.86(x% + 1)1z X sin (? tan™! ;) — 7.08xs @)
where, x depends on L as given in (8); and define in (9).

2
x = 1222 ®)

2 Xh;

L=
Vsin62+2.35 x10~% +sin 6

©)
2.3. Otung model

This model follows the same variation as the ITU-R model with their difference arising in the
elevation angle exponent. The scintillation intensity for the Otung model a,,,, is given by [18] as in (10).

7
fiz
= L (10)

Ootu = 11
(sin 9)12

The values for the antenna averaging factor, and referenced scintillation intensity follows the same
formulation as that of the ITU-R model.

2.4. Van de kamp model

Van de Kamp also adapted the same variation as the ITU-R model in his prediction model but
slightly changed the elevation angle and frequency exponent [19]-[22]. It also enhances the ITU-R model by
including both the surface layer and cloud scintillation. It was discovered from his research that scintillation
events are also influenced by the presence of large cumulus cloud crossing the satellite path [23], [24]. The
scintillation intensity for the Van de Kamp model a,,,,, incorporating W, is given by [11]-[13] as:

_ or ff0.45g(x)
Ovan = ~ ngyis (11)
Orer =098 X 10* (Nyee + Q) dB (12)
Q= —39.2 + 56W,, (13)

2.5. Ortgies model

This research is aimed at proposing a new model that can be used in slant-path. The Ortgies-N and
Ortgies-T models derived from the Olympus experiment data assumed that short term scintillations follow a
normal probability density function (PDF) and long-term scintillation follows lognormal probability density
function [25]-[27]. The Ortgies N model makes use of the wet term component, and Ortgies T model uses
the mean surface temperature in its predictions. The scintillation intensities for the Ortgies N model o,,,, and
Ortgies T modela,,; are given by [20] and [22] as in (14) and (15),

Inoyp? = In(g(x). f1?1(sin 8)724) — 12.5 + 0.0462 N, ,, (14)

Int J Elec & Comp Eng, Vol. 12, No. 5, October 2022; 5084-5092



IntJ Elec & Comp Eng ISSN: 2088-8708 O 5087

Ino,,.* = In(g(x). f1*1(sin6)~%*) — 12.5 + 0.0865T (15)

3. RESEARCH METHOD

The meteorological factors such as air temperature and relative humidity for the scintillation
prediction models were sourced from the Nigeria Meteorological Centre data bank. The monthly average of
relative humidity and air temperature data for Abuja and Ikeja over a period of 5 years were used. These
meteorological factors were taken to obtain the cumulative average for the whole range of dataset, and
monthly maximum, average and minimum for each month for the respective locations. In this paper, the
average maximum and minimum temperatures were used to calculate maximum and minimum scintillation,
respectively. The monthly maximum and minimum Nw.: were also calculated using the average maximum
and minimum temperatures, with the monthly average relative humidity. This research assumed the earth
station antenna efficiency of 0.5 and antenna diameter of 0.3m, the earth station diameter used as the hub
station of very small aperture terminal (VSAT) configuration. An elevation angle of 5° was used because low
elevation angle causes signal to travel through atmosphere resulting in more scintillation. The simulation of
each scintillation prediction model was done for two frequencies 40 GHz and 45 GHz. To validate the
research, a comparison was made with an experimental result obtained in [10] which studied the propagation
impairments for fixed satellite communication links at the microwave frequencies in Nigeria”. The two
datasets were used during the course of this study; measured result obtained by [10] and the meteorological
data (air temperature and relative humidity) used as inputs to scintillation prediction models.

3.1. Variation of wet term of refractivity

The monthly variation of maximum, average and minimum wet terms of refractivity Nwe: were
determined using (3). The maximum and minimum Nwe:, are the values of Nwe calculated using the
maximum and minimum monthly temperatures, respectively, and the average Nwet, is the value of Nwe:
obtained from the average monthly temperature. This procedure was repeated for Abuja and Ikeja.

3.2. Scintillation prediction modelling

The long-term averages of relative humidity (H) and temperature t (°C) which show the specific
climatic conditions of the site were used to prevent the averages of temperature and relative humidity
fluctuating with season, scintillation intensity distributions displayed seasonal variations. This could also be
predicted by using seasonal averages of t and H in this method. Input parameters required for the scintillation
prediction model are:

Average surface ambient temperature “t” (°C) at the site

average surface relative humidity “H (%) at the site

frequency “f” (GHz),

path elevation angle “0”, where 6>5°

physical diameter “D” (m) of the earth-Station antenna

antenna efficiency ”7”, 77=0.5 is a conservative value if unknown.
height of turbulence “h”

The following steps were taken to simulate scintillation prediction model:

— Step 1: The wet term of the radio refractivity, Nwer, Which corresponds to es, t and H was computed using
(3) as given in recommendation ITU-R P.453.

— Step 2: The effective antenna diameter, Desr, from the geometrical diameter, D, and the antenna efficiency
71, was calculated using (2).

— Step 3: The antenna averaging factor was obtained using (7)

— Step 4: The effective path length L was found using (9)

— Step 5: The reference scintillation intensity of the signal amplitude was determined.

— Step 6: The scintillation Intensity of the signal for the considered period and frequency was then
calculated using the appropriate equation as given by the models.

Steps 1 to 6 were repeated for each of the models using the appropriate equations.

4. RESULTS AND DISCUSSION

The wet term of refractivities for the Abuja and lkeja at 40 GHz and 45 GHz frequencies were
determined using Nigerian meteorological center data. The values obtained are then presented in
Figures 1 and 2. Also, the scintillation intensities for the two locations are also shown in Figures 3 and 4.
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Figure 2. Wet term refractivity ‘Nwe:’for Ikeja

4.1. Wet term of refractivity

The maximum and minimum values of Nwer obtained for Abuja were 119.96 ppm and 61.66 ppm,
respectively corresponding to the month of May and January, respectively. The maximum and minimum
values of Nwe: at lkeja were 138.32 ppm and 119.52 ppm, respectively, corresponding to the month of
February and January, respectively. The average values of Nw.: for Ikeja were significantly higher than that
of Abuja, this suggests that the magnitude of scintillation experienced for lkeja was greater than the Abuja.
The wet term of radio refractivity showed a significant variation throughout the year observed with time as
shown in Figures 1 and 2. This is due changing pattern of temperature and humidity. The maximum Nye: Was
the Nwer at maximum average temperature, minimum Nwet, Was the Nwer at minimum average temperature
and the average Nwe:, Was the Nwe: at average temperature.
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4.2. Scintillation intensities for Abuja and lkeja

The Sl obtained in Abuja at 40 GHz and 45 GHz for Karasawa, ITU-R, VanDe Kamp, Ortgies N,
Ortgies T, Otung and measured values were 0.897, 0.946; 2.000, 2.455; 2.145, 2.297; 2.469, 2.650; 1.125,
1.208; 1.148, 1.229; 3.211, 3.345; respectively. While the corresponding Sl values obtained for lkeja at
40 GHz and 45 GHz were 1.058, 1.116; 2.592, 2.775; 2.520, 2.698; 3.800, 4.080; 1.082, 1.621; 1.229, 1.390;
4.042, 4.322; for Karasawa, ITU-R, VanDe Kamp, Ortgies N, Ortgies T, Otung and measured, respectively.
These results are contained in Tables 1 and 2; and also presented in Figures 3 and 4. It can be deduced from
the Sl obtained that Ortgies N model gave the Sl values closest to the measured values, while Karasawa
model gave the largest deviation from the measured values. Also, the Sl values increased with frequency.
The variation of scintillation intensity at frequency of 40 GHz showed that radio signals experienced
maximum and minimum tropospheric scintillations in the month of May and December, respectively at
Abuja for all the models considered. While the maximum and minimum tropospheric scintillations were
experienced in March and August, respectively, at Ikeja. The Ortgies T model predicted that maximum and
minimum scintillation occurred at the two locations in March and August, respectively. The results obtained
revealed that, at 45 GHz, satellite communications experienced maximum and minimum tropospheric
scintillations in March and August, respectively at Ikeja for all the models considered.
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Figure 3. Scintillation intensity versus frequency for various scintillation models considered at Abuja
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Figure 4. Scintillation intensity versus frequency for various scintillation models considered at Ikeja
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Table 1. Scintillation intensity results for Abuja at frequencies 40 GHz and 45 GHz

Scintillation Prediction Models Frequency
40GHz  45GHz

Karasawa 0.897 1.058

ITU-R 2.292 2.592

Van De Kamp 2.145 2.520

Ortgies N 2.469 3.800

Ortgies T 1.125 1.082

Otung 1.148 1.229
Experimental 3.211 4.042

Table 2. Scintillation intensity results for Ikeja at frequencies 40 GHz and 45 GHz

Scintillation Prediction Models Frequency
40GHz  45GHz

Karasawa 0.945 1.116

ITU-R 2.455 2.775

Van De Kamp 2.297 2.698

Ortgies N 2.650 4.080

Ortgies T 1.208 1.621

Otung 1.229 1.390
Experimental 3.345 4.322

CONCLUSION
In this study, an investigation of the applicability of some scintillation models such as Karasawa,

Otung, ITU-R, Van de Kamp, Ortgies N and Ortgies model for Ka-Band on satellite communication link in
Nigeria was carried out. The wet term refractivity for Ikeja and Abuja using meteorological factors value was
computed. This in turn used to determine the Sl values for all the models considered with the physical
parameters of the antenna. Comparison was made among the models with the experimental one to determine
the best (most) suitable for satellite communication link in Nigeria for accurate planning. The results
obtained revealed that Ortgies N model gave the closest Sl values to measured values and therefore, the best
for predicting Sl in Nigeria.
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