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RECOMMENDATION ITU-R P.840-7

Attenuation due to clouds and fog
(Question ITU-R 201/3)
(1992-1994-1997-1999-2009-2012-2013-2017)
Scope

This Recommendation provides methods to predict the attenuation due to clouds and fog on Earth-space
paths.

The ITU Radiocommunication Assembly,

considering

a) that there is a need to give guidance to engineers in the design of Earth-space
telecommunication systems for frequencies higher than 10 GHz;

b) that attenuation due to clouds may be a factor of importance especially for microwave
systems well above 10 GHz or low-availability systems;

c) that for the calculation of the time series of total attenuation and space-time prediction
methods, an analytical expression for the statistics of the total columnar content of cloud liquid
water is needed,;

d) that local measured data of the total columnar content of cloud liquid water may not be
available,

recommends
1 that if local measured data of the total columnar content of cloud liquid water is not

available, the method given in § 3.1 of Annex 1 should be used for the prediction of the attenuation
due to clouds and fog;

2 that if local measured data of the total columnar content of cloud liquid water is available,
the method given in 8 3.2 of Annex 1 should be used for the calculation of the attenuation due to
clouds;

3 that the information in § 4 of Annex 1 should be used for global calculations of propagation
effects, required by, inter alia, space-time channel models, that require an analytic expression for
the statistics of the total columnar content of cloud liquid water.

Annex 1

1 Introduction

For clouds or fog consisting entirely of small droplets, generally less than 0.01 cm, the Rayleigh
approximation is valid for frequencies up to 200 GHz, and the specific attenuation within a cloud or
fog can be written as:
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v.(f,T) = Ki(f, T)M (dB/km) (1)
where:
ve:  specific attenuation (dB/km) within the cloud
Ki:  cloud liquid water specific attenuation coefficient ((dB/km)/(g/m?))
M: liquid water density in the cloud or fog (g/m?3)
f:  frequency (GHz)
T: cloud liquid water temperature (K).

At frequencies of the order of 100 GHz and above, attenuation due to fog may be significant. The
liquid water density in fog is typically about 0.05 g/m3 for medium fog (visibility of the order
of 300 m) and 0.5 g/m? for thick fog (visibility of the order of 50 m).

2 Cloud liquid water specific attenuation coefficient

A mathematical model based on Rayleigh scattering, which uses a double-Debye model for the
dielectric permittivity ¢ (f) of water, can be used to calculate the value of K, for frequencies up to
200 GHz:

0.819
K (£.T) = 1—+£2 )
e"( ) (dB/km)/(g/md)
where f is the frequency (GHz), and:
2 1
n= T ®)
€
The complex dielectric permittivity of water is given by:
f(eg—¢ f(eg—¢
w0 =5 [(Ofllf) 2] * f[(lflzf)z] (4)
p 1+ (7 1p) s|1+(f/15)
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where:
g = 77.66 + 103.3(0 — 1) (6)
g1 = 0.0671¢, (7
g =3.52 (8)
6=300/T 9)

and T is the liquid water temperature (K).
The principal relaxation frequency, f,, and secondary relaxation frequency, fs, are:
fo = 20.20 146 (6 1) + 316 (6 — 1) (GHz) (10)
fs = 39.8fp (GHz) (11)
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3 Cloud attenuation along slant paths

If local measured data of the total columnar content of cloud liquid water,
L (kg/m? or, equivalently, mm), is not available, the method in § 3.1 should be used to predict the
cloud attenuation along slant paths. This prediction method is based on ERA-40 data where the total
columnar content of cloud liquid water reduced to a fixed temperature of 273.15 K, Lreq (kg/m? or,
equivalently, mm), is used.

If local measured data of the total columnar content of cloud liquid water, L, is available from other
sources, e.g. from ground radiometric measurements, Earth observation products or meteorological
numerical products, the method in § 3.2 should be used to calculate the cloud attenuation along
slant-paths.

3.1 Distribution of cloud attenuation along slant paths based on global digital maps

The slant path cloud attenuation, A, for a given probability, p, is:

_ L., K (f.273.15)
sin J

where Lred is the total columnar content of liquid water reduced to a temperature of 273.15 K,

Lrea (kg/m? or, equivalently, mm) at the probability p, ¢ is the elevation angle, and K, is calculated

using equations (2) to (11) for a water temperature of 273.15 K.

4 (dB) for 90°>¢>5° (12)

The annual values of total columnar content of reduced cloud liquid water, Lred (kg/m?), exceeded
for the probability levels of 0.1, 0.2, 0.3, 0.5, 1, 2, 3, 5, 10, 20, 30, 50, 60, 70, 80, 90, 95 and 99% of
an average year are an integral part of this Recommendation and are available in the form of digital
maps.

The monthly values of total columnar content of reduced cloud liquid water, Lrea (kg/m?), exceeded
for the probability levels of 1, 2, 3, 5, 10, 20, 30, 50, 60, 70, 80, 90, 95 and 99% of each average
month are an integral part of this Recommendation and are available in the form of digital maps.

These digital maps are available in the Supplement file R-REC-P.840-7-Maps.zip.

The data is from 0° to 360° in longitude and from +90° to —90° in latitude, with a resolution
of 1.125° in both latitude and longitude.

The total columnar content of reduced cloud liquid water at any desired location on the surface of
the Earth can be derived by the following interpolation method:

a) determine the two probabilities, panove and preiow, above and below the desired probability,
p, from the set: 0.1, 0.2, 0.3, 0.5, 1, 2, 3, 5, 10, 20, 30, 50, 60, 70, 80, 90, 95 and 99% for
annual statistics and from the set: 1, 2, 3, 5, 10, 20, 30, 50, 60, 70, 80, 90, 95 and 99% for
monthly statistics;

b) for the two probabilities, pabove and preiow, determine the total columnar content of reduced
cloud liquid water, Lred1, Lred2, Lreds and Lreqs at the four closest grid points;
C) determine the total columnar content of reduced cloud liquid water, Lredabove and Lredbelow, at

the probabilities, pabove and prelow, by performing a bi-linear interpolation of the four values
of total columnar content of reduced cloud liquid water, Lred1, Lred2, Lreds and Lreds at the
four grid points, as described in Recommendation ITU-R P.1144;

d) determine the total columnar content of reduced cloud liquid water, Lred, at the desired
probability, p, by interpolating Lredabove @Nd Lredbelow VS. Pabove @Nd Poelow 10 p 0N @ linear Lyed
vs. log p scale.
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3.2 Cloud attenuation along slant paths based on local data
The slant path cloud attenuation, A, is:

A LK, (f,273.15)

_ (dB) for 90°> ¢ >5° (13)
sing

where L is the total columnar content of liquid water (kg/m? or, equivalently, mm), ¢ is the
elevation angle, and K;' is calculated as follow:

0.819 (1.9479x10'4 £73%8 12,9424 £074% _ 4.9451)
e"(1+17)

K ( f,T) = (dB/km)/(g/m3) (14)
where n is given in equation (3), €" is given in equation (4), and the liquid water temperature, T, is
273.15 K.

4 Approximation of Lreg by a log-normal distribution

The annual statistics of the total columnar content of reduced cloud liquid water content can be
approximated by a log-normal distribution. The digital maps of mean, m, standard deviation, o, and
probability of non-zero reduced total columnar content of cloud liquid water, Pciw, parameters of the
log-normal distribution are an integral part of this Recommendation.

The total columnar content of reduced cloud liquid water at any desired location on the surface of
the Earth can be derived by the following interpolation method:

a) determine the parameters, mi1, mo, ms, Ms, 61, 62, 63, 64, PcLw1, PcLwz, PcLwa and Pcowa at the
four closest grid points;
b) determine the total columnar content of reduced cloud liquid water Lred1, Lred2, Lreds, and

Lreas for the desired probability, p, at the four closest grid points from the parameters
M1, M2, M3, M4, G1, G2, 03, 64, PcLwi, Pcrwz, PcLws and Pcrwa as follows:

m; +6;Q 1(P P J
Lregi =€ cLwi fori=1,2,3,4 (15)
where:

w t

1 -
Q(x)=———| e 2dt 16
(=7 j (16)
C) determine the total columnar content of reduced cloud liquid water at the desired location

by performing a bi-linear interpolation of the four values of total columnar content of
reduced cloud liquid water, Lred1, Lredz, Lreds, and Lreds at the four grid points as described in
Recommendation ITU-R P.1144,
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