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Abstract — The total atmospheric absorption due to 
Oxygen and water vapour on the earth-space path at Ku 
(12/14 GHz), Ka (20/30 GHz), and V (40/50 GHz) bands was 
evaluated for communication with Nigeria communication 
satellite (Nigcomsat1) on both uplink and down link at 0.01 
% unavailability of an average year. The basic input climatic 
data used include monthly and yearly mean meteorological 
parameters of surface and vertical profiles of pressure, 
temperature, and relative humidity obtained from recent 
measurement from space by the Atmospheric Infrared 
Sounder (AIRS) instrument on NASA’s Aqua spacecraft for 
the period 2002 to 2009. International Telecommunication 
Union Radio Propagation Recommendation (ITU-RP 676, 
2009) procedure was used for the computation of gaseous 
attenuation for each of the 37-stations in Nigeria. Attenuation 
values were obtain for both uplink and downlink frequencies, 
at Ku, Ka and V bands, total atmospheric absorption was 
determined to be between (0.11 to 0.24) dB, (0.7 to 1.1) dB 
and (0.82 to 3.1) dB for Ku, Ka, and V bands respectively. 
Contour maps showing consistent signal absorption due to 
Oxygen generally higher in the South-western region and 
water-vapour attenuation higher in the South-southern part 
of Nigeria are presented.

Keywords — Total atmospheric gaseous absorption; fixed 
satellite communication; Satellite bands; Satellite Link 
Analysis.

I. INTRODUCTION

HE demand for new satellite services and global 
broadband communication services such as VSAT for 
internet access and multimedia applications has 

engendered a greater demand on bandwidth thereby 
pushing up the frequency for satellite communications 
beyond Ku (12/14 GHz) to Ka (20/30 GHz), and V (40/50 
GHz) bands; because larger bandwidths are available at 
higher frequency bands. In the absence of rain, cloud and 
atmospheric gases can play an important role in signal 
attenuation, hence their effects must be assessed in order 
to determine their impact on satellite communications [1]. 
The higher frequencies at Ka and V band are more 
vulnerable to propagation effects such as Oxygen and 
water vapour absorption for both fixed and mobile satellite 
communications. Therefore the need for an extensive 
database of total atmospheric absorption and accurate 
propagation model for making informed decisions on the 
fade margin for satellite communication link design is 
imperative [2]. 
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II. RELATED WORKS

The principal atmospheric gases, which absorb 
electromagnetic energy in the microwave frequency range 
are Oxygen and Water vapor. Atmospheric gases absorb 
energy from electromagnetic waves if the molecular 
structure of the gas is such that the individual molecules 
possess electric or magnetic dipole moments [3]. It is a 
known fact of quantum theory that at specific wavelengths 
energy from the wave is transferred to the molecule, 
causing it to rise to a higher energy level. If the gas is in 
thermodynamic equilibrium, it will reradiate this energy 
isotropically as a random process, thus falling back to its 
prior energy state. Because the incident wave has a 
preferred direction and the emitted energy is isotropic, the 
net result is a loss of energy from the wave. The only 
atmospheric gases with strong absorption lines at 
millimeter wavelengths are water vapor and Oxygen. The 
magnetic dipole moment of Oxygen is approximately two 
orders of magnitude weaker than the electric dipole 
moment of water vapor. The net absorption due to oxygen 
is still very high, simply because it is so abundant. The 
fact that the distribution of Oxygen throughout the 
atmosphere is very stable makes it very easy to model [4].

The amount of water vapor in the lower atmosphere is 
highly variable and has surface densities ranging from a 
fraction of a gram per cubic meter for very arid climates to 
more than 30 g/m3 for hot and humid regions. Absorption 
is assumed to be linearly proportional to the water vapor 
density, except in cases of very high concentrations. 
Absorption for other water vapor densities may be easily 
calculated using appropriate models. It is assumed that for 
clear sky conditions the slant path absorption is 
proportional to the distance traversed through the 
absorbing atmosphere [5]. Attenuation by atmospheric 
gases can be described using either an accurate physical 
model, such as Liebe’s (model) or approximate 
(probabilistic) models such as the ITU-R P report 676 [6]
or Salonen’s model [7, 8]. Liebe’s models [9, 10, 11, 12]
give accurate estimates of air refractivity for frequencies 
from 1GHz to 1THz, albeit with the downside of 
computational complexity and a need for vertical profiles 
of meteorological parameters, whose accuracy has to be 
carefully ascertained. Hence the use of Liebe’s models 
mainly for reference purposes. 

Attenuation by atmospheric gases at millimetric 
frequencies occurs because of absorption by Oxygen 
molecules and water vapour in the atmosphere. Gaseous 
absorption arising from other gases present in the 
atmosphere is relatively small. Absorption due to Oxygen 
is nearly constant, while that due to water vapor has a slow 
rate of change in response to variations in the water vapor 
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content in the atmosphere. As such, increase in gaseous 
absorption is in correlation with increase in relative 
humidity as well as temperature. Specific attenuation at 
frequencies up to 1 THz due to dry air and water vapour 
can be evaluated most accurately at all values of pressure, 
temperature and humidity by means of a summation of the 
individual resonance lines from oxygen and water vapour, 
together with additional factors for the non-resonant 
Debye spectrum of oxygen below 10 GHz, pressure-
induced nitrogen attenuation above 100 GHz and a wet 
continuum to account for the excess water vapour 
absorption found experimentally and presented in [6]. 

III. INPUT DATA SOURCES FOR GASEOUS 
ATTENUATION

Absorption is a function of temperature, pressure and 
humidity. Therefore, it is necessary that these 
meteorological parameters be determined along the 
propagation path in order to calculate the gaseous 
attenuation for any geographical location. Daily surface 
temperature, pressure, and vertical profiles of temperature, 
pressure and humidity profiles from the Atmospheric 
Infrared Sounder (AIRS) instrument on NASA’s Aqua 
spacecraft satellite were used to estimate integrated water 
vapour content (IWVC). Figure 1 shows the results of the 
input parameters necessary for the computation of gaseous 
attenuation derived from AIRS satellite. The gaseous 
attenuation is calculated along earth-space paths for 37
stations at 12, 14, 20, 30, 40 and 50 GHz frequencies for 
Ku, Ka and V band downlink and uplink respectively. For 
a normal clear atmosphere (free of inversions) the 
absorption of electromagnetic waves is directly 
proportional to the length of the propagation path through 
the absorbing medium [4].

Figure 1: Summary of the input climatic data for 
computation of gaseous attenuations derived from AIRS 

satellite data from September 2002 to July 2009

IV. GASEOUS ATTENUATION COMPUTATION PROCEDURE

ITU-RP 676 (2009) procedure valid for frequencies 
between 1GHz and 350GHz [6] was used for the 
computation of the gas attenuation on earth-space path for 
each of the 37 stations in Nigeria. A Matlab script named 
Space676S.m was written in Matlab 7.0 to implement the 
equations in the procedure. The script can be linked to 
Microsoft excel and called as a function taking input 
parameters such as frequency, pressure, water-vapour 
density, and temperature.

V. RESULTS AND DISCUSSION

Figure 2 shows the map of Nigeria with the positions of 
the 37 observation stations and their respective 
geographical sub-groups. Contour maps of Oxygen and 
water vapour attenuation for downlink and uplink to 
NigComsat-1 at Ku, Ka, and V frequency bands 
respectively for 0.01% unavailability (i.e. 53 minute 
outage) in an average year are depicted on figures 3 
through 10. For the downlink frequencies: at Ku band
99.99% availability is possible in all the 37 stations in 
Nigeria due to very low gas attenuation with values 
ranging from 0.11 dB to 0.18 dB; for Ka band it ranges 
from 0.7 to 1.1 dB, while at V band it ranges from 0.82 to 
1.31 dB. 

The results show consistently that gas fade is generally 
higher in the SW, SE and SS part of Nigeria than in the 
Northern part of Nigeria and that at V band gas attenuation 
could become a serious concern for earth-space satellite 
link in the southern region of Nigeria. At 0.01% 
unavailability these results suggest that in the southern 
region if a satellite link is designed with a small margin of 
1dB for gas attenuation at V band, the link could 
experience 100% fadeout of signal even under clear sky 
conditions. For the uplink frequencies; at Ku band it is 
seen that 99.99% availability is possible in all the 37 
stations in Nigeria as gas attenuation is very low; it ranges 
from 0.15 to 0.24 dB. Attenuation for Ka band ranges 
from 0.65 to 0.98 dB, while at V band it ranges from 2.0 to 
3.1 dB. The uplink results show consistently that 
atmospheric gas attenuation is very high in the southern 
part of Nigeria (SW, SE and SS) relative to the Northern
part of Nigeria and that at V band gas attenuation will be 
more severe for uplink on earth-space satellite link and the 
southern region may experience more fade of signal due to 
atmospheric gas attenuation even in clear sky conditions.
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Figure 2: Map of Nigeria showing the locations of the 
37 stations used in the study.

Figure 3:  Contour map of oxygen attenuation for Ku 
downlink (12 GHz) from NigComsat-1 at 0.01% 

unavailability

Figure 4:  Contour map of water-vapour attenuation for 
Ku downlink (12 GHz) from NigComsat-1 at 0.01% 

unavailability

Figure 5:  Contour map of water-vapour attenuation for 
Ku uplink (14 GHz) to NigComsat-1 at 0.01% 

unavailability.

Figure 6:  Contour map of water-vapour attenuation for 
Ku uplink (14 GHz) to NigComsat-1 at 0.01% 

unavailability.

Figure 7:  Contour map of oxygen attenuation for Ka 
downlink (20 GHz) from NigComsat-1 at 0.01% 

unavailability
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Figure 8:  Contour map of water-vapour attenuation for 
Ka downlink (20 GHz) from NigComsat-1 at 0.01% 

unavailability.

Figure 9:  Contour map of oxygen attenuation for Ka 
uplink (30 GHz) to NigComsat-1 at 0.01% unavailability.

Figure 10:  Contour map of water-vapour attenuation 
for Ka uplink (30 GHz) to NigComsat-1 at 0.01% 

unavailability.

VI. CONCLUSION

Impact of atmospheric gases on fixed satellite 
communication has been investigated at Ku, Ka, and V 
bands for uplink and downlink frequencies at 37 
observation stations in Nigeria. The data used is based on 

local meteorological data from recent measurements made 
by AIRS satellites between 2002 and 2009. At 0.01% 
unavailability the results suggest that 99.99% availability 
is possible at Ku bands in all the 37 stations in Nigeria. 
But at Ka and V bands, the South-western region and the 
South-southern parts of Nigeria will experience the highest 
signal fade between 0.7 to 1.1 dB and 0.82 to 3.1 dB 
respectively due to atmospheric gases even under clear sky 
conditions. It is thus evident that informed knowledge of 
gaseous attenuation engendered by Oxygen and water 
vapour is of ultimate importance in planning and 
predicting transmission and reception of radiofrequency
signals on earth-space and terrestrial path. The results of 
this present study indicate the significance of local 
climatic influence on Ku, Ka and V satellite bands.
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