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RECOMMENDATION  ITU-R  SF.1395*

MINIMUM  PROPAGATION  ATTENUATION  DUE  TO  ATMOSPHERIC  GASES
FOR  USE  IN  FREQUENCY  SHARING  STUDIES  BETWEEN  THE

FIXED-SATELLITE  SERVICE  AND  THE  FIXED  SERVICE

(Questions ITU-R 60/4, 250/4, ITU-R 116/9 and ITU-R 217/9)

(1999)
Rec. ITU-R SF.1395

The ITU Radiocommunication Assembly,

considering

a) that slant path attenuation between a terrestrial station and a space station (geostationary or non-geostationary)
resulting from absorption due to atmospheric gases including water vapour is an important factor in frequency sharing
studies between the fixed-satellite service (FSS) and the fixed service (FS);

b) that slant path attenuation depends on the distribution along the path of meteorological parameters such as
temperature, pressure and humidity, and thus varies with the geographic location of the site, the month of the year, the
height of an FS station above sea level and the elevation angle of the slant path;

c) that such slant path attenuation can be estimated by the method described in Annex 1 to Recommen-
dation ITU-R P.676, but that it is desirable to provide a simple procedure to estimate the attenuation;

d) that for the purpose of frequency sharing studies, it is necessary to define the parameters in the driest month at
sea level for each climate area, based on Recommendation ITU-R P.835;

e) that slant path attenuation is a complicated function of the frequency and that for each frequency band a
representative frequency giving the lowest attenuation should be chosen,

recommends

1 that for frequency sharing studies between FSS and FS systems in each frequency band, slant path attenuation
resulting from absorption due to atmospheric gases including water vapour should be estimated at a representative
frequency which gives the lowest attenuation in that band (see Note 1);

2 that the method of Annex 1 should be utilized for the estimation of slant path attenuation due to atmospheric
absorption (see Notes 2, 3 and 4).

NOTE 1 − The information in this Recommendation is solely for the purpose of frequency sharing studies, because it
deals with the slant path attenuation in the driest month.

NOTE 2 − When more details are required, these may be obtained from Recommendation ITU-R P.676.

NOTE 3 − The information in this Recommendation is based on Recommendation ITU-R P.676-3 (Geneva, 1997) and
Recommendation ITU-R P.835-2 (Geneva, 1997).

NOTE 4 − Recommendation ITU-R F.1404 presents approximate formulae of minimum slant path attenuation due to
atmospheric absorption for the frequency bands shared by the FS and the broadcasting-satellite, mobile-satellite and
space science services.

_______________

* This Recommendation should be brought to the attention of Radiocommunication Study Group 3 (Radiocommunication Working
Party 3J).
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ANNEX  1

Estimation of slant path propagation attenuation due to atmospheric gases
for use in FSS/FS frequency sharing studies

1 Introduction

Slant path attenuation between a terrestrial station and a space station (geostationary or non-geostationary) resulting
from absorption due to atmospheric gases including water vapour is an important factor in FSS/FS frequency sharing
studies. The slant path attenuation depends on the distribution along the path of meteorological parameters such as
temperature, pressure and humidity, and thus varies with the geographic location of the site, the month of the year, the
height of an FS station above sea level and the elevation angle of the slant path and the operating frequency. The
procedure for calculating the slant path attenuation is the line-by-line procedure given in Annex 1 to Recommen-
dation ITU-R P.676.

The detailed calculations of atmospheric attenuation may utilize local information of average water vapour content in the
driest month and of other meteorological parameters along with the atmospheric models of Recommen-
dation ITU-R P.835. Where this information is not available, the following results provide a simple procedure for
estimating atmospheric attenuation.

The formulae given in § 2 consider each of the frequency bands which are allocated to FSS and FS on a shared basis and
are presented for five representative geographical areas of the world (northern and southern hemispheres).

2 Estimation of slant path attenuation

For the purpose of this simplified estimation, an FS station is identified as being within one of three climate areas
depending only on the latitude (absolute value) of the station:

– low-latitudes within 22.5° of the Equator;

– mid-latitudes greater than 22.5°, but less than 45° from the Equator;

– high-latitudes of 45° or more from the Equator.

Table 1 shows the climate parameters for each of these areas. Note that the sea-level water vapour density for the low-
latitude climate is lower than that prescribed in Recommendation ITU-R P.835 corresponding to the dry season. The
attenuation values for these areas have been determined as a function of the elevation angle of the actual transmission
path from the FS station to the position of a space station (geostationary or non-geostationary). The numerical formulae
for atmospheric attenuation which approximate the theoretical values are given in the following sections, where:

AL (h, θ), AM (h, θ) and AH (h, θ): total atmospheric absorption loss (dB) for the low-latitude, mid-latitude and
high-latitude areas, respectively;

h and θ: FS antenna altitude above sea level (km) and elevation angle (degrees),
respectively.

TABLE  1

Parameters at sea level for the climate areas

The method in Annex 1 to Recommendation ITU-R P.676 was used for integration. The height profiles of temperature,
pressure and water vapour density as defined in Recommendation ITU-R P.835 were used in calculating the loss. The
approximation was carried out for 0 ≤ h ≤ 3 km and 0° ≤ θ ≤ 90°.

Climate area Temperature
(K)

Atmospheric pressure
(hPa)

Water vapour density
(g/m3)

Low-latitude 300.4 1 012.0 10.0

Mid-latitude 272.7 1 018.9 3.5

High-latitude 257.4 1 010.8 1.23
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