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Abstract— In this paper, evaluation of spatial
distribution of rain attenuation for geosynchronous satellite
links with earth station locations across Nigeria is presented.
The International Telecommunication Union (ITU) model,
rain attenuation for satellite links was used to determine the
rain attenuation as a function of the link’s elevation angle and
earth  station’s latitude. The case study satellite
was Nigcomsat 1R, a geostationary satellite with orbital
longitude of 42.48°.The study was conducted for the Ka
frequency band. Particularly, for the earth station, one State
from each of the six geopolitical zones in Nigeria was selected
for the study. The rainfall data was used along with the geo-
coordinates of the earth station locations and the geo-
coordinates of the GEO satellite to determine elevation angle,
and then the effective rain path length and the rain
attenuation for the Ka frequency band. The results of the
elevation angles computed showed that the satellite link with
earth station in Gombe State has the highest elevation angle of
51.8° and satellite link with earth station in Sokoto State has
the lowest elevation angle of 44.6°. On the other hand, the
satellite link with earth station in Akwa Ibom State has the
lowest effective rain path length of 3.95 km while the satellite
link with earth station in Sokoto State has the highest effective
rain path length of 4.11 km. Also, Imo State link has the
highest rainfall rate of 125 mm/hr as well as highest rain
attenuation of 100.9954 dB for the horizontal polarization,
83.00884 dB for the vertical polarization and 91.75047 dB for
the circular polarization. On the other hand, Sokoto State link
has the lowest rainfall rate of 60 mm/hr hr as well as lowest
rain attenuation of 53.15862 dB for the horizontal
polarization, 44.6871dB for the vertical polarization and
48.82655 dB for the circular polarization. In all the six earth
station-satellite links, the vertical polarization has the lowest
rain attenuation while the horizontal polarization has the
highest rain attenuation values. In essence, in other to
minimize the impact of rainfall on the received signal strength,
the vertical polarization should be selected.
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1. INTRODUCTION

NigComSat-1R is Nigeria’s geostationary (GEO) satellite
with orbital slot of 42.5° East [1,2,3,4,5,6,7]. It is a
communication satellite that serves security and social, as
well as industrial development purposes for Nigeria and
other African sub-regions [8,9,10]. A geostationary
satellite orbits round the earth at a fixed longitude at the
equator and at an altitude of about 35,786 km
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[11,12,13,14]. Also, the satellite orbits at the same angular
velocity of the earth such that it remains at a fixed position
relative to the earth [15,11,171,181,19,20].

In generals, communication satellites links consist of
wireless communication uplinks and downlinks that operate
mainly in different high frequency microwave bands
[21,22,23,24,25,26,27]. Like every other microwave links,
the geostationary satellite communication links are affected
by rain attenuation. Also, studies have shown that the
amount of rain attenuation suffered by satellite signal is a
function of the signal frequency, the rain rate, the distance
of the rain path, as well as the elevation angle of the
satellite link [28,29,30,31,32,33]. While a geostationary
satellite has a fixed location relative to the earth station,
different earth stations have different rainfall rates and
elevation angles relative to a given GEO satellite. As such,
the rain attenuation suffered by the satellite signal from
different earth stations to a given GEO satellite differs. In
this paper, the variation in rain attenuation of the satellite-
earth links for six (6) different locations in Nigeria and the
NigComSat-1R GEO satellite is studied. The different
locations in Nigeria are selected one location from each of
the six (6) geopolitical zones in Nigeria. The effect of
signal polarization of the rain attenuation is also studied for
the horizontal, vertical and circular polarized satellite
signals. The requisite analytical expressions for computing
the different parameters relevant to the study are presented
and sample numerical examples are presented along with
the discussion of the results.

2. METHODOLOGY

According to the International Telecommunication Union
(ITU) model, rain attenuation (Ag) is generally expressed
as [34,35,36,37,38];

Ag = Y(Lef) 1)
Where vy isthe specific rain attenuation and L. is the
effective rain path length. In the rain attenuation
computation, the cases of circular, horizontal or vertical
polarization are considered. The specific rain attenuation, y
is expressed as ;

Ay
(Vv =k, (Rp)
Y =1{Yn = ky (Rp)ah for horizontally polarized signal

\yc = k. (Rp)ac for circular polarized signal
Where the values of the constants, k., a. , k,, a,, 'k, and
ay, are frequency and polarization dependent. While k, o,
, ky, and ay, are provided by ITU, k. and a. are computed
as follows;

for vertically polarized signal
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According to [40,41], the effective rain path length (L) is
determined as follows;

(i) The rain height, (H,4,) is given in
terms of the Lat,g; (the latitude of the
earth station)

° 3 5.0 for 0 < Latys < 23°
rain = { 5.0 - 0.075(Lat,s; — 23) for Lates = 23°
©®)

(i) Let Lg be the slant path length of the
rain, Heg be the earth station height
and 6.} be the elevation angle of the
satellite link , then;

_ Hygin—Hest
LS B sin(Bele) (6)

(iii)  LetLg be the length of Lg when
projected horizontal on the ground,
then;

Lg = (Ls) Cos(eele) (7)

(iv) Let ¢ be the reduction factor for rain

path length , where;
P = —e (8)
T
(v) The effective rain path length (L.f) is
given as;

Les = Ls(r7 ) = (HTL_HM) () (6)

sin(Bele)

AR, =¥» (L)(ry)  for vertical
AR, = ]/h(Ls)(rf ) for horizontal ~ (7)

ARC = yc(Ls)(rf)

Ag =y(Ly)(ry) =
for circular

The 8, of the satellite link can be determined from the
central angle (y) of the satellite link as follows;

cos(y) = cos(Latg,:)cos(Latest)cos(Longgy: —

Longest) + Sin(Latsat)Sin(Latest) (8)
where Longg,, and Long,s are the longitude of the
satellite and earth station respectively, Lats,. is the
latitude of the satellite, while hg,, is the altitude of the
satellite and r, represents the earth radius . Then;

sin(y) (9)

j[1+ (Te:ﬁsat)z _Z(Tefﬁsa)cosw)]

cos (Ore) =

(

¢ = acos Szin(v) (i)
J[H (re:lfsat) _Z(re:—ﬁsat)cos(y)]

The study is conducted with rainfall data from six selected
States in Nigeria. The dataset of rainfall rates (in mm/hr)
exceeded for 0.01% of an average year for the selected
study site in Nigeria is given in Table 1. The map plot of
the selected study sites across Nigeria is given in Figure 1
while the map plot of the footprint and detail data of the
case study Nigcomsat 1R GEO satellite (available at
https://www.n2yo.com/?s=38014&live=1) is presented in
Figure 2.

In addition, the case study satellite is Nigcomsat 1R, a
geostationary satellite with orbital longitude of 42.48°.
Nigcomsat 1R has 4 C-band, 14 Ku-band , 8 Ka-band and
2 L-band transponders with which it provides video, voice,
data, internet and other application services. The study
focused on the higher frequency Ka-band of 26.5 GHz to 40
GHz. Specifically, frequency of 33 GHz is considered.

Therefore,

Table 1 The Dataset of Rainfall rates (in mm/h) exceeded for 0.01% of an average year for selected study sites in Nigeria

SIN Region State Latitude Longitude Rainfall rates (in mm/h) exceeded for 0.01% of
an average year
North West Sokoto 60
1 13.122419 5.206980
Gombe 71
2 NORTH State 10.304326 11.172825
EAST
3 North Niger State 0.743812 6.132366 84
Central
South East Imo State 125
4 5.527823 7.063300
South South | Akwa lbom 124
S State 4.647675 7.763166
6 South West | Ondo State 7.305184, 5.189489 94
WWWw.jmest.org
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Figure 1 The Map Plot of The Selected Study Sites Across Nigeria
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Gombe State has the highest elevation angle of 51.8° and
satellite link with earth station in Sokoto State has the
lowest elevation angle of 44.6°. Again, the results of the
effective rain path length (L. ) for the selected study site in
Nigeria based on Nigcomsat 1R satellite longitude of
42.48° are shown in Table 3. The results show that the
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satellite link with earth station in Akwa Ibom State has the
lowest effective rain path length of 3.95 km while the
satellite link with earth station in Sokoto State has the
highest effective rain path length of 4.11 km.

Also, the results in Table 3 and Table 4 show that Imo
State link has the highest rainfall rate of 125 mm/hr, as well
as the highest rain attenuation of 100.9954 dB for the
horizontal polarization, 83.00884 dB for the vertical

polarization and 91.75047 dB for the circular polarization.
On the other hand, Sokoto State link has the lowest rainfall
rate of 60 mm/hr, as well as the lowest rain attenuation of
53.15862 dB for the horizontal polarization, 44.6871dB
for the vertical polarization and 48.82655 dB for the
circular polarization.

Table 2 The results of the elevation angle for the selected study site in Nigeria based on Nigcomsat 1R satellite longitude of

42.48°,
Rainfall rates (in mm/h) .
SIN Region State Latitude Longitude exceeded for 0.01% of an EIeantlon(;B)\ngle,
average year ele
North West | Sokoto 60 44.6°
1 13.122419 5.206980
Gombe 71 51.8°
2 NORTH State 10.304326 11.172825
EAsT
3 North Central | Niger 9.743812 6.132366 84 46.6°
State
South East Imo 125 48.4°
4 State 5.527823 7.063300
South South Akwa 124 49.3°
5 lbom 4.647675 7.763166
State
6 South West Ondo 7.305184 5.189489 94 46.1°
State

Table 3 The results of the effective rain path length (L, /) for the selected study site in Nigeria based on Nigcomsat 1R satellite

longitude of 42.48°.

State Rainfall rates (in mm/h) exceeded for

0.01% of an average year Effective rain path length, L, (km)

Sokoto 60 4.11

Ondo State 94 4.05

Niger State 84 4.03

Imo State 125 3.97

Akwa Ibom State 124 3.95

Gombe State 71 3.89
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Figure 3 Bar chart of the rainfall rates (in mm/h) exceeded for 0.01% of an average year, the elevation angle (6°) and the

effective rain path length, L., (km) for the six sites

Table 4 The results of the rain attenuation (for horizontal polarization) in dB for p = 0.01%, rain attenuation (for vertical
polarization) in dB for p = 0.01%, rain attenuation (for circular polarization) in dB for p = 0.01%

::::}La)”e:if: d(;r:j Elevation Angl Rai:\h»::;cze:r:xtaa:ion Rain Attenuation Rain Attenuation
evation Angle . - - . . .
State for 0.01% of an ) polarization) in dB for (Ye:::' po'frg?;'ﬁ;) (_c":‘::r polfr:)z::;ul?yn)
average year p =0.01% in orp = 0. (] in orp =0. (]
Sokoto State 60 44.6 53.15862 44.6871 48.82655
Gombe State 71
51.8 58.67392 49.06923 53.75665
Niger State 84
46.6 71.07884 59.13747 64.95811
Ondo State 94
46.1 79.20315 65.66973 72.26094
Akwa lbom 124
State
49.3 99.59188 81.87544 90.48629
Imo State 125 48.4 100.9954 83.00884 91.75047
WWWw.jmest.org
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135 H Rainfall rates (in mm/h) exceeded for 0.01% of
130 an average year
125 H Elevation Angle (6°)

120 = Rain Attenuation (horizontal) in dB for p =

115 0.01%
110 = Rain Attenuation (vertical) in dB for p = 0.01%

105 = Rain Attenuation (circular) in dB for p = 0.01%
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Figure 5 The bar chart of the rainfall rates (in mm/h) exceeded for 0.01% of an average year, elevation angle (8°), rain
attenuation (horizontal) in dB for p = 0.01%, rain attenuation (vertical) in dB for p = 0.01%, rain attenuation (circular) in

4. CONCLUSION

Rain attenuation is computed for six GEO satellite earth
links. The case study satellite is the Nigcomsat 1R while the
earth stations are selected from the six geopolitical regions
in Nigeria. The study computed the elevation angle of each
of the satellite, the effective rain path length and the rain
attenuation using available analytical expressions. The
results are then used to evaluate the distribution of rain
attenuation for the GEO satellite communication links with
earth stations located in the different regions of Nigeria
with different rainfall statistics. In all, the results showed
that the regions in the Southern part of Nigeria have higher
rainfall rate and hence higher rain attenuation. Also the
horizontal polarized signals suffer more rain attenuation
than the circular and vertically polarized signals.
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