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Abstract—The climatology of the tropics coupled with its deep
convective evolution at the equatorial troposphere has continued
to draw significant attention to the effects of scintillation on
satellite communication signals. Dearth of signal degradation
data perceived as scintillation fade depth is pronounced in the
tropics. In particular, the effect of tropospheric scintillation on
two major satellite providers, namely NigComSat-1R and
Eutelsat, were considered. Karasawa and ITU-R statistical
models were used. Twelve months data were collected from the
Tropospheric Data Acquisition Network stations with geo-
spatial coverage representing Nigerian climatic zones. The
variability is (9% for both models in the monsoon climate, and
[1158%-180% in warm semi-arid climate for both ITU-R and
Karasawa, respectively. Scintillation intensity was highest in the
monsoon climate with values of 1.31dB, 1.51dB and 18.72 dB
using ITU-R, and 0.88 dB, 1.06 dB and 27.05 dB using
Karasawafor Eutelsat, NigComSat-1R and low elevation
satellites.

Keywords--Microwave, Radio refractivity, Satellite
communication, Tropical climate, Tropospheric scintillation.

. INTRODUCTION
The ubiquitous of satellite communication has extended its

applications  horizon  far  beyond  intercontinental
communication services and satellite television. The new
frontiers include augmented reality, remote sensing,

atmospheric monitoring and space exploration among others.
In fact, a host of defense related applications rely on real-time
satellite services. The increasing demand for these services has
continued to place a demand on the availability and reliability
of satellite communication networks [1], [2]. The advent of
satellite communications, pioneered in the C-band, witnessed
minimal celestial and atmospheric propagation impairments
within 1 GHz — 10 GHz window [3]. However, the high cost
of large antenna size (30 m) and other debilitating factors,
namely interference, congestion and crowding of the
geostationary orbit slots for C-band soon ushered in higher
frequency Ku (12 GHz to 18GHz) and Ka (26GHz to 40GHz)
bands [4], [5]. The higher frequency regimes offer high
bandwidth but with a drawback of atmospheric impairments.
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With the exception of signal attenuation by gaseous absorption
lines, impairments such as scintillation increase dramatically
with frequency. The signal degradation is perceived as
enhancements and fades of the signal intensity about its mean
level at the receiver [6]-[10].

Scintillation is the rapid fluctuations of the received signal
parameters, namely amplitude, phase, angle of arrival and
polarization due to spatial-temporal irregularities of the
transmission medium. The atmosphere, being the medium of
propagation of radio waves, is a not a lossless medium. The
ionospheric and tropospheric layers of the atmosphere are, in
particular, responsible for scintillation.  Ionospheric
scintillation is caused by localized irregular plasma structures,
which results in small-scale fluctuations in refractive index.
This scintillation degenerates rapidly at microwave
frequencies because as path length or in homogeneity strength
increases, the spatial coherence diminishes by multiple self
interference, and the peak-to-peak fluctuations slowly begin to
decrease [8], [11]. On the other hand, tropospheric scintillation
is produced by refractive index fluctuations in the first few
kilometers of the troposphere [5]. This is caused by high
humidity gradient and temperature inversion layers. The
effects are diurnally and seasonally dependent on the local
climate.

The pronounced turbulent mixing of air masses [12],
random distribution of hydrometeors [13], [14] and
unpredictable climatic changes observed in the tropics,
particularly pre-monsoon to post-monsoon evolutions of the
West African monsoon (WAM) [15]-[17], makes scintillation
in this region a major source of concern [4], [5]. The near
equatorial latitudes are exposed to high solar insolation and
the monsoon circulation. Hence the region is characterized
with hot, humid and highly convective climate. The impact of
WAM drives forced convection along the West African coast,
laden with turbulence and thunderstorms. These processes
drive the deep convection over the equatorial tropics.
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II.  METEOROGICAL DATA COLLECTION

The meteorological parameters input used to study the
spatiotemporal variability of scintillation intensity in the three
major climatic zones over Nigeria were obtained from
Tropospheric Data Acquisition Network (TRODAN). The
climatic zones, namely monsoon 2009, tropical savanna 2009
and semi-arid 2010-2012 climates are representative of the
latitudinal variation from the coastal area in the south to the
Sahelian boundary in the north of Nigeria. The following
parameters are used to characterize scintillation intensity at Ku
band (11 — 15 GHz): the amplitude deviation y in dB; the
variance, o, and the standard deviation, ¢ of the log-
amplitude; the predicted variance, %, and standard
deviationo;, [18]-[22] for NigComSat-1R and Eutelsat 36B —
used by commercial digital satellite television (DSTV) in
Africa.

III. TROPOSPHERIC SCINTILLATION PREDICTION MODELS

Classical scintillation models are statistical models used to
calculate either a probability density function or a cumulative
distribution function of the log-amplitude of the fluctuation or
the variance of the log-amplitude. These models assumed that
the short-term probability distribution function of the log-
amplitude is Gaussian [18]. They are grouped as scintillation
variance prediction models and lognormal scintillation
prediction models model or simply lognormal. Among the
statistical models [19]-[21] in use for prediction of long-term
standard deviation are the Karasawa [22] and International
Telecommunication Union — Radio communication (ITU-R)
models [23]-[28]. Both prediction models are used to
calculate the standard deviation of signal fluctuation due to
scintillation using the wet term of the surface radio
refractivity, Nywe [25],averaged at least over a month, as input
parameter. Other scintillations prediction models presented
very high error rates and are not suitable for predicting the
scintillation intensity in the tropics [23]-[24].

IV. RESULTS AND ANALYSIS

A marked variability was observed in the tropospheric
scintillation intensity of the climates over Nigeria from the
southern monsoon climate through the central tropical savanna
to the northern semi-arid climate. The northward migration of
the WAM from the coastal region in the south to the Sahelian
north can be observed in the trend of variance distribution.

A. Variance of Distribution over Lagos (Geo. 6.5 °N, 3.5 °E)

Scintillation fade depth trends observed over Lagos
showed that the standard deviation of signal fluctuation due to
scintillation were quasi-sinusoidal for both prediction models.
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Figure 1. Karasawa NigComSat-1R fade depth in Lagos at 0 = 44.2°

Karasawa model SF at low elevation (Geo Lat 6.5 °N Lon 3.5 °E)
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Figure 2. Karasawa scintillation fade depth in Lagos at 6 = 5°
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Figure 3. Karasawa Eutelsat fade depth in Lagos at 6 = 51.4°
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ITU-R model SF for NigComSat-1R (Geo Lat 6.5 °N Lon 3.5 °E)
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Figure 4. ITU-RNigComSat-1R fade depth in Lagos at 6 = 44.2°

Both Karasawa and ITU-R models in fig. 1-3 and fig. 4,
respectively, agreed that the highest fade depth occurred in
March while the lowest values were observed in August. The
peak of the fade depth coincides with the spring equinox
where the insolation peaks over the equatorial latitudes
northward [29]. Hence highest scintillation occurrences were
observed during increased solar activity during the equinoxes.
It is clear from fig. 1 — 4 that scintillation fade increases with
increasing signal frequency. The typical range of variability is
9% for both Karasawa and ITU-R models. Tropospheric
scintillation varies across the latitudes [30].However, the
highest values were obtained in the monsoon climate and the
lowest values in the semi-arid climate, 1.51 dB and 0.22 dB,
respectively.

In monsoon climate, at low elevation angle (5°), the
scintillation intensity ranges between 22.85 dB — 27.05 dB
and 13.58 dB — 18.72 dB for both Karasawa and ITU-R,
respectively. However, with the antenna pointing to
NigComSat-1R, the scintillation intensity ranges between 0.90
dB — 1.06 dB and 1.1 dB — 1.51 dB for both Karasawa and
ITU-R, respectively. Similarly, the scintillation intensity
ranges between 0.75 dB — 0.88 dB and 0.96 dB—1.31 dB for
both Karasawa and ITU-R, respectively, with the antenna
pointing to Eutelsat 36B.

B. Variance of Distribution over Yola (Geo. 9.35 °N, 12.5 °E)

The scintillation intensity observed in the warm semi-arid
climate of Yola, typical of the southern Sahelian boundaries,
showed that the standard deviation of signal variability due to
scintillation fade for both Karasawa and ITU-R models in fig.
5-7 and fig. 8, respectively, agreed that the lowest fade depth
occurs in March while peak periods were observed around
August late monsoon period. The peak period coincides with
the increased solar activity, in particular, the onset of the sun’s
retreat after June solstice. Consequently, leading to autumn
equinox with insolation peaking over the equatorial latitudes
as the sun crosses southward [29].
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Figure 5. Karasawa NigComSat-1R fade depth in Yola at 6 = 53.5°

The range of variability is [1180% for Karasawa model and
[1158% for ITU-R model. In warm semi-arid climate, at low
elevation angle (5°), the scintillation intensity ranges between
8.03 dB — 24.30 dB and 5.19 dB — 16.89 dB for both
Karasawa and ITU-R models, respectively.

Karasawa model SF at low elevation (Geo Lat 9.35 °N Lon 12.5 °E)
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Figure 6. Karasawa fade depth in Yola at 6 = 5°
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Figure 7. Karasawa Eutelsat-DSTV fade depth in Yola at 6 = 60.5°
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Figure 8. ITU-R NigComSat-1R fade depth in Yola at 6 = 53.5°
However, with the antenna pointing to NigComSat-1R, the
scintillation intensity ranges between 0.25 dB — 0.76 dB and
035 dB —-145 dB for both Karasawa and ITU-R,
respectively. Similarly, the scintillation intensity ranges
between 0.22 dB — 0.67 dB and 0.32 dB — 1.04 dB for both
Karasawa and ITU-R, respectively, with the antenna pointing
to Eutelsat 36B.

C. Variability over Abuja (Geo. 8.99 °N, 7.38 °E)

The scintillation fade depth observed in Abuja showed
cyclic variance of distribution. The scintillation intensity
observed over the tropical savanna climate of Abuja, typical of
the central Nigeria climate, showed that the standard deviation
of signal variability due to scintillation fade depth for both
Karasawa and ITU-R models in fig. 9-11 and fig. 12,
respectively, agreed that the lowest fade depth occurred in
March while the peak periods were observed around August.
The peak period of the fade depth marks the onset of the sun’s
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retreat. Consequently, leading to the autumn equinox where
the insolation peaks over the equatorial latitudes as the sun
crosses the equator southward [29], [30]. Variability ranges
betweenl 150%—54% for both ITU-R and Karasawa models.
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Figure 9. Karasawa Eutelsat-DSTV fade depth in Abuja at 6 = 55.1°

At elevation of 5°, the scintillation intensity ranges between
15.0dB — 24.97dB and 9.14dB — 13.34dB forKarasawa and
ITU-R, respectively. The low elevation scintillation fade
depths are comparable to rain attenuation [31]-[32]. However,
at 48.1° elevation pointing to NigComSat-1R, the scintillation
intensity rangesbetween 0.5318 dB — 0.88 dB and 0.68 dB —
1.29 dB for Karasawa and ITU-R, respectively.Similarly, the
scintillation intensity ranges between 0.46 dB — 0.76 dB and
0.61 dB — 1.14 dB for both Karasawa and ITU-R,
respectively, with the antenna pointing to Eutelsat 36B.

V. CONCLUSION

The predicted scintillation amplitude deviations as a function
of the monthly standard deviation of the signal log-amplitude
showed strong dependence on the latitudes and the
localclimates. The standard deviation of the log-amplitude is
highest in the low latitudes and lowest at high latitudes.
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Figure 10. Karasawa NigComSat-1R fade depth in Abuja at 0 = 48.1°

Karasawa model SF at low elevation (Geo Lat 8.99 °N Lon 7.38 °E)
25— e
1 - = — - -
24 = \
23
B 22
u 1
.21+ =sx=11 GHz
3 11.5 GHz
& 20—
c 4
'-g 19 —
g ] == 15 GHz
€
(%]
17 4
16 1

o7 7T 77T T T T T T T T
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Month

Figure 11. Karasawa fade depth in Abuja at 6 = 5°
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Figure 12. ITU-R NigComSat-1R fade depth in Abuja at 6 = 48.1°

The long-term standard deviations predicted by the Karasawa
model were considerably lower than that of ITU-R model
forantennas pointing to NigComSat-1R and Eutelsat 36B.
However, the reverse was the case at low elevation, where the
monthly scintillation intensities predicted by Karasawa model
were grater than those predicted by the ITU-R for both Ku
band uplink and downlink at 0.01% time percentage
exceededrequired for communication systems. In particular,
higher values were obtained from both models at low
elevation in comparison with rain attenuation and data
retrieved from meteorological satellites. Scintillation intensity
was highest in the monsoon climate with values of 1.31 dB,
1.51 dB and 18.72 dB using ITU-R model at 51.4°, 44.2° and
5° elevations to Eutelsat, NigComSat-1R and low elevation
satellites, respectively.In the case of Karasawa model, 0.88
dB, 1.06 dB and 27.05 dB were obtained. In addition, the
elevation angle of both satellites varies latitudinal, increasing
from the low latitude upward.
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In general, the variability of the scintillation intensity is
greater using ITU-R model than in Karasawa model, with
lower spread across the Ku band. In other words, ITU-R
model is more sensitive to frequency than Karasawa model.

Considering the turbulent African equatorial climate
regimes, it may be necessary to have in-situ scintillation
instrument-cum-observatory in the Sahelian equatorial region
and across Africa to improve and optimize existingmodelsfor
effective performance of Earth-space links in Africa.
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