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RECOMMENDATIONS OF SUB-SECTION G.l: PROPAGATION OVER THE 

SURFACE OF THE EARTH AND THROUGH THE NON-IONIZED REGIONS 

OF THE ATMOSPHERE 

RECOMMENDATION 168-1 

PRESENTATION OF ANTENNA RADIATION DATA

(1953- 1956-1966)
The C.C.I.R.,

CONSIDERING

(a) that the aims pursued by the LT.U. require a knowledge of the radiation in free space in all 
directions from the antennae used in international radiocommunications;

(b) that antenna radiation is well represented by diagrams showing the field strength or the 
power radiated in every direction of space;

(c) that, alternatively, the antenna radiation can be represented by the vectorial specific cymo- 
motive force F  in every direction in space (see Note);

UNANIMOUSLY RECOMMENDS

1. that, in diagrams of antenna radiation, contours representing the radiation in free space in 
all directions be labelled linearly in terms of relative radiated power or field strength;

2. that, for highly directional antennae, it is often desirable to graduate the patterns linearly in 
decibels;

3. that an alternate method of presentation may also be employed, consisting of diagrams of 
contours representing the radiation in all directions of space in terms of the vectorial specific 
cymomotive force F ;

4. that the Director, C.C.I.R. should take account of the above considerations, when antenna 
diagrams are being drawn.

Note. — The specific cymomotive force, F, is a vector expressed in volts, defined as the 
product Ed, where E  is the vectorial free-space field radiated by the antenna in a particular 
direction, at a distance d  from the centre of radiation of the antenna, when the total radiated 
power is 1 kW.

Where the antenna dimensions are not negligible in relation to the wavelength, or to 
the distance at which the measurements are made, the limit of the product E d a sd  approaches 
infinity, is regarded as the c.m.f. To measure the c.m.f. in these instances, the field measured 
at a finite distance must be modified by an appropriate correction factor*.

The radiated power W  and the cymomotive force F  are related by the equation 
F 2 =  377 W, where F \s  expressed in volts and W  is expressed in watts per unit solid angle in 
the direction considered.

When the polarization of the electric field is elliptical, the c.m.f. may be shown as the 
magnitude and direction of the two main axes of the ellipse of polarization, with an indication 
of the sense of this polarization.

* See Carlo M ic h e l e t t a . Sulla determinazione della forza cimomotrice di emittitori con antenne a para- 
boloide. Piccole Note-Recensioni e Notizie — I.S.P.T. 1, 13 (1956).
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RECOMMENDATION 310-1

DEFINITIONS OF TERMS RELATING TO PROPAGATION 
IN THE TROPOSPHERE

(1951 -  1959-1966)
The C.C.I.R.,

CONSIDERING

that it is well known that the propagation of waves of frequencies greater than 30 MHz is greatly 
influenced by meteorological conditions in the troposphere;

UNANIMOUSLY RECOMMENDS 

that the list of definitions annexed hereto be adopted for incorporation in the vocabulary;

V o c a b u l a r y  o f  t e r m s  u s e d  i n  r a d i o  p r o p a g a t i o n  t h r o u g h  t h e  t r o p o s p h e r e

Term Definition

1. Troposphere The lower part of the earth’s atmosphere extending upwards from 
the earth’s surface, in which temperature decreases with height 
except in local layers of temperature inversion.

2. Tropopause The upper boundary of the troposphere, above which the temperature 
increases slightly with respect to height, or remains constant.

3. Temperature inversion In the troposphere: an increase in temperature with height.
4. Mixing ratio The ratio of the mass (in grammes) of water vapour in a given volume 

of the atmosphere to the mass (in kilogrammes) of the dry air in the 
same volume.

5. Relative humidity Ratio of the existing water vapour pressure to that for saturation at 
the same temperature, generally expressed as a percentage.

6. Refractive index (n) Ratio of the speeds of radio waves in vacuo to the speed in the medium 
under consideration.

7. N  (refractivity) One million times the amount by which the refractive index exceeds 
unity.

8. N-unit A unit in terms of which N  (refractivity) is expressed.
9. Modified refractive For a given height above sea level: the sum of the refractive index

index of the air at this height and the ratio of this height to the radius of 
the earth.

10. Refractive modulus One million times the amount by which the modified refractive index 
exceeds unity.

11. M-unit A unit in terms of which refractive modulus is expressed.
12. Standard refractive That uniform variation of refractive modulus with height above the

modulus gradient earth’s surface which is regarded as a standard for comparison. 
The gradient considered as normal has a value of 0-12 M-units per 
metre (3-6 M-units per hundred feet).

13. Standard radio For tropospheric propagation: an atmosphere having the standard
atmosphere refractive modulus gradient.
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Term

14. Basic reference 
atmosphere

15. Standard refraction

16. Sub-refraction

17. Super refraction

18. Tropospheric 
propagation

19. Standard propagation

20. Radio horizon

21. Effective radius 
o f the earth

22. Tropospheric radio- 
duct

23. Ground-based duct 
(Surface duct)

24. Elevated duct

25. Duct thickness

26. Duct height

27. Trapped propagation

28. Trans-horizon 
propagation

29. Tropospheric-scatter 
propagation

30. Precipitation-scatter 
propagation

31. Multipath propagation

Definition

An atmosphere in which N  (refractivity) decreases exponentially 
with height (see Recommendation 369-1).
The refraction which would occur in a standard radio atmosphere 
(see Fig. 1).
Refraction for which the refractive modulus gradient is positive and 
greater than standard (see Fig. 1).
Refraction for which the refractive modulus gradient is less than 
standard, may become zero and may increase negatively (see Fig. 1).
Propagation through the troposphere by any mechanism, several of 
which are defined below.
The propagation of radio waves over a smooth spherical earth of 
uniform electrical characteristics under conditions of standard 
refraction in the atmosphere.
The locus of points at which direct rays from the antenna become 
tangential to the earth’s surface, taking into account the curvature 
due to refraction.
Radius of a hypothetical spherical earth for which the distance to 
the horizon, assuming rectilinear propagation is the same as that 
for the actual earth enveloped in an atmosphere having a constant 
vertical gradient of refractive index. (For the standard atmosphere, 
the effective radius is 4/3 that of the true radius.)
A quasi-horizontal layer in the troposphere between the boundaries 
of which radio energy of a sufficiently high frequency is substantially 
confined and propagated with abnormally low attenuation.
A tropospheric radio-duct in which the lower boundary is the surface 
of the earth.
A tropospheric radio-duct in which the lower boundary is above 
the surface of the earth.
The difference in height between the upper and lower boundaries 
of a tropospheric-radio duct.
The height above the surface of the earth of the lower boundary of 
an elevated duct.
Propagation within a tropospheric-radio duct. Several modes of 
propagation (as in wave-guide theory) may exist.
A generic term for propagation over paths extending beyond the 
normal radio-horizon. It may include a variety of mechanisms 
such as non-directional scatter and specular reflection towards the 
receiver.
Propagation involving scattering from many inhomogeneities and 
discontinuities in the refractive index of the atmosphere, generally 
characterized by attenuation which increases rapidly in directions 
away from the incident direction.
Propagation by scattering from precipitation particles.

Propagation by way of a number of transmission paths.
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REC O M M EN D A TIO N  311 *

PRESENTATION O F DATA IN  STUDIES 

O F TRO PO SPH ERIC-W A V E PROPAGATION

(1953-1956-1959)

The C.C.I.R.,

CONSIDERING

(a) that there is an urgent need for guidance to be given to engineers in the planning of broad­
casting, television and fixed link services in the frequency band 30-4000 MHz;

(b) that it is important to determine how the field strengh in this frequency band depends on 
meteorological conditions and upon the nature of the terrain at locations both within and 
beyond the horizon;

(c) that to facilitate the comparison of results, it is desirable that Administrations and operating 
agencies should present field-strengh data in a uniform manner;

(d) that it is not yet possible to establish a final method of presenting results and a system of 
statistical analysis best suited to the requirements expressed in §§ (a) and (b) ;

UNANIMOUSLY RECOMMENDS

1. that the field strengths exceeded for 0-1 %, 1 %, 10%, 50%, 90%, 99% and 99-9% of the 
overall time should, whenever possible, be determined for all locations at which measure­
ments are made;

2. that for broadcasting and television, the median values of field strength exceeded at 10%, 
50% and 90% of the locations should be determined;

3. that it is desirable to amplify these overall statistics by a more detailed and precise analysis; 
for this purpose, the methods proposed in Annex I of the present Recommendation, or in 
Doc. 172 (France), Warsaw, 1956, or in Doc. V/28 (France), Geneva, 1958, might be taken 
as a basis;

4. that the statistical results of field-strength measurements should be displayed on probability 
paper. The field strength should be plotted along the ordinate and expressed in dB rel. 
l;j.V/m, the values of field strength increasing, moving up the ordinate. The percentage 
of total valid recording time, or percentage of locations should be plotted along the abscissa, 
with a scale following the Gaussian probability law, percentages increasing from left to 
right. An example of a log-normal distribution plotted on probability paper is given in 
Annex II;

5. that all measured values of field strength should be normalized to correspond to those that 
would be obtained with a vertical half-wave dipole, or with a similar horizontal dipole placed 
broadside to the direction of the receiving point, the dipole in each case being at least several 
wavelengths above the ground and radiating 1 kW;

6. that, for broadcasting and television, and whenever possible, a ir measurements should be 
referred to a receiving antenna 10 m above the ground and this antenna should not be 
highly directional in the vertical plane.

* This Recommendation replaces Recommendation 170.
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ANNEX I

It should be noted that the recommendations given above refer particularly to the propagation 
of waves over long distances (especially in connection with interference problems in sound and tele­
vision broadcasting) and also to propagation characteristics within the service areas of sound and 
television broadcasting stations. While the first interest lies in ascertaining those values of field 
strength exceeded for various percentages of the overall time at varying distances, for a more 
detailed analysis it might, however, be useful to analyse measurements within unit periods of 
1 hour. This latter procedure would permit studies to be made of diurnal variations, while 
similarly seasonal variations could conveniently be studied by grouping the values obtained at 
specified hours of the day for a whole month and examining the change of field-strengh distri­
butions from month to month. Presentation of the results in this form would, moreover, permit 
later correlation of radio measurements with meteorological data.

For the study of propagation over fixed line-of-sight links in the VHF (metric), UHF (deci- 
metric) or SHF (centimetric) bands, a more precise correlation between received field-strength and 
prevailing atmospheric conditions might be required. For this and other reasons it is considered 
that results should be capable of being presented separately for each hour of the day of each month 
during which tests are being conducted. At the same time, overall distribution curves for periods 
of one month will be required to permit a study of seasonal variations; overall distribution curves 
for even longer periods will also, no doubt, be required by the planning engineer. It is generally 
convenient to refer results to the free space value for the distance and other conditions concerned.

Although it will usually be necessary to preserve, for reference, the original charts upon 
which the field-strength variations are recorded, it is essential that some much simpler and more 
conveniently accessible means of displaying the essential data be employed. One method is to 
plot the maximum, median and minimum field-strengths for each hour on linear graph paper, the 
spread of results within the hour being shown by a vertical line. In addition, by determining 
the hourly median value or the value over some other percentage of the time, it is possible to obtain, 
for any given hour of the day, the statistical distribution of these values for a month (or any other 
desired period of time).

ANNEX II 

The Gaussian probability scale is defined by

P W  =  " / W  «xp ( - e / 2)\/27rJ *

For abscissae x =  0, x — °o and x —>- — °° , the corresponding values of the probability P (x) 
are 50%, 0% and  100%.

An amplitude Gaussian distribution for a field strengh, F, measured in dB (log-normal 
distribution) is given by:

1 r°°
P (F) =  F =  exp ( -  ( f - F m)*/2a*) d f

a \2 n J  p

P (F) is the probability (percentage of time or locations) that the field strength, E, 
expressed in dB above 1 (J-V/m (F — 20 log E) will exceed the level, F.
Fm is the median value of F, i.e. that which is exceeded for 50% of the time or loca­
tions, o is the standard deviation, so that P (Fm—o) ^ 8 4 %  and P  (Fm+o) ph 16 %. 

It is often of interest to know the field strength exceeded for 1 % or 10% of the time; when the 
distribution is log-normal, the distribution curve is a straight line, and the corresponding devia­
tions are given by 2-32 a and 1-28 a.
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The accompanying graph illustrates the presentation of log-normal distribution.

Probability P(F) (%)

Graph showing log-normal distribution o f field-strength measurements

R EC O M M EN D A TIO N  368 *

GROUND-WAVE PROPAGATION CURVES FOR 
FREQUENCIES BELOW 10 MHz

The C.C.I.R.,

(Question 246)

(1951 -  1959- 1963)

CONSIDERING

(a) that ground-wave propagation curves for an extended range of frequencies are of continued 
importance for all types of radiocommunication, including navigational aids;

(b) that such curves are needed for a range of conductivities if they are to apply to the varying 
conditions met with in practice along land paths;

UNANIMOUSLY RECOMMENDS

that the curves in the Annex be used for the determination of ground-wave field-strength 
at frequencies below 10 MHz under the conditions stated.

* This Recommendation replaces Recommendation 307.
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ANNEX

The attached curves apply to propagation at frequencies below 10 MHz.

The following points are to be especially noted with regard to them:

1. they refer to a smooth homogeneous earth;

2. no account is taken of tropospheric effects at these frequencies;

3. that the curves are based on the rigorous analysis of the problem given by van der Pol and 
Bremmer;

4. the curves are referred to what has been called an unattenuated field-strength of 3 x 105/Z> 
((j.V/m), where D is the distance from the transmitter in km*. This field would actually 
correspond to the case of a vertical antenna, shorter than one quarter wavelength, radiating 
1 kW when placed on the surface of a perfectly conducting plane earth. The propagation 
loss, defined in Recommendation 341 for ground-waves, may be determined from the values 
of the field-strength E  (dB rel. 1 (J.V/m), given in the attached curves, by the use of equa­
tion (19) of Report 112;

5. the transmitter and receiver are both assumed to be on the ground. Height-gain effects 
can be of considerable importance in connection with navigational aids for high-flying 
aircraft, but it has been decided not to include them at the present time;

6. the curves should, in general, be used to determine field-strength, only when it is known that 
ionospheric reflections at the frequency under consideration will be negligible in amplitude 
—■ for example, propagation in daylight between 150 kHz and 2 MHz and for distances of 
less than about 2000 km. However, under conditions where the sky-wave is comparable 
with, or even greater than, the ground-wave, the curves are still applicable when the effect 
of the ground-wave can be separated from that of the sky-wave, by the use of pulse transmis­
sions, as in some forms of direction-finding systems and navigational aids.

* Note by the C.C.I.R. Secretariat: The distance D is measured along the straight line joining the two points 
and not along the arc of the great circle between them.
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Ground-wave propagation curves; Sea, a = 4 mho/m, e — 80
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10000 km

F ig u r e  2

Ground-wave propagation curves: Earth, a =  5 x  JO ~ 2 mhojm, e — 4
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10000 km

F ig u r e  3

Ground-wave propagation curves; Earth, o =  10~ 2 mho/m, e — 4
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Ground-wave propagation curves; Earth, a = 3 x l 0 ~ 3 mho/m, e =  4
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F ig u r e  5

Ground-wave propagation curves; Earth, a =  10 - 3 mho/m, s =  4
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RECOMMENDATION 369-1 

DEFINITION OF A BASIC REFERENCE ATMOSPHERE

(1959-1963-1966)
The C.C.I.R.,

CONSIDERING

that the dependence of the refractive index n of the atmosphere at radio frequencies upon the 
height h is well expressed by the law

n (h) =  1 +  a exp (—bh)

where a and b are constants that can be determined statistically for different climates (see Report 
231-1);

UNANIMOUSLY RECOMMENDS 

that the basic reference atmosphere be defined by the relationship:

n (h) =  1 +  289 x 1 0 -6 .exp (—0 • 136A) 

where h is the height above sea level (km).

Note. — The gradient of the refractive index of this atmosphere at ground surface is nearly equal
to that in an atmosphere, the effect of which can be represented by an effective radius of the earth
4/3 the real radius.

RECOMMENDATION 370-1

VHF AND UHF PROPAGATION CURVES FOR THE FREQUENCY 
RANGE FROM 30 MHZ TO 1000 MHZ * 

Broadcasting and mobile services

(1951 -  1953 -  1956 -  1959 -1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that there is a need to give guidance to engineers in the planning of broadcast and mobile 
radio services in the VHF and UHF bands;

* It must be emphasised that the curves of this Recommendation are intended for use in the planning 
of broadcasting and mobile services for the solution of interference problems over a wide area; they 
should not be used for point-to-point communication links, for which systems the actual terrain profile 
may be determined and more accurate methods of field-strength prediction may be used.
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(bj that, for stations working in the same or adjacent frequency-channels, the determination of 
the minimum geographical distance of separation required to avoid intolerable interference 
due to long-distance tropospheric transmission, is a matter of great importance;

(c) that the annexed curves are based on the statistical analysis of a considerable amount of 
experimental data (see Report 239-1);

UNANIMOUSLY RECOMMENDS

1. that the revised curves given in Annexes I and II be adopted for provisional use *, for the 
following conditions:

1.1 The field strengths have been adjusted to correspond to a power of 1 kW radiated from a 
half-wave dipole.

1.2 The height of the transmitting antenna is defined as its height over the average level of 
the ground between distances of 3 and 15 km from the transmitter, in the direction of the 
receiver.

1.3 The height of the receiving antenna is defined as the height above local terrain.
1.4 A parameter Ah is used to define the degree of terrain Irregularity; it is the difference in

heights exceeded by 10% and 90% of the terrain in the range 10 km to 50 km from the 
transmitter (see Fig. 7).

1.5 The effect of changing the receiving antenna height is discussed in Report 239-1, §4.2;
1.6 A method for determining field strengths over mixed land and sea paths is described in

Report 239-1.

ANNEX I 

VHF BANDS (30-250 MHz)

1. The curves of Annex I were prepared from data obtained mainly in the United States of 
America and Western Europe; many more measurements were made for distances up to 
about 500 km than for greater distances, and the curves have their greatest reliability up 
to about 500 km.

2. Figs. 1, 2 and 3 show the field strengths exceeded at 50% of the receiving locations and 
for 50%, 10% and 1 % of the time respectively. The curves for values exceeded for 50% 
and 10% of the time apply to sea paths as well as land paths in the North Sea area. The 
1 % time values for sea paths in the North Sea area are given in Fig. 4. Experience has shown 
that, in the Mediterranean and the Gulf of Mexico, particularly in the summer, field strengths 
may exceed the figures given by the curves for the North Sea area by as much as 20 dB 
for distances exceeding some 200 km.

Values of field strength for land distances greater than about 700 km, obtained by 
extrapolation of these curves (dashed lines), should be used with caution.

3. The field strengths given in Figs. 1, 2 and 3 apply to 50% of receiving locations in the rolling 
terrain found in many parts of Europe and North America. For such terrain, the field 
strengths for other percentages of receiving locations may be obtained by using the dis­
tribution curve given in Fig. 5.

* It must be emphasized that the curves are based on data obtained mainly in temperate climates and 
should be used with caution in other climates.

Propagation curves for broadcasting in the African Continent are given on pages 343-379 of the Final 
Acts of the African VHF/UHF Broadcasting Conference, Geneva, 1963.

2
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Neither the curves of Figs. 1, 2 or 3, nor the distribution curve of Fig. 5, can be assumed 
to apply accurately in very hilly or mountainous regions. In band III, and for such terrain, 
one should use the attenuation correction factor (dB), given in Fig. 8 (a).

4. It is known that the median field strength varies in different climatic regions, and data for 
a wide range of such conditions in North America and Western Europe show that it is 
possible to correlate the observed values of median field-strength with the refractive index 
gradient in the first kilometre of the atmosphere above ground level. If ns and nx are the 
refractive indices at the surface and at a height of 1 km respectively, and if AN  is defined 
as (nx—ns) x 106, then in a standard atmosphere, AN & —40, the 50% curves of Fig. 1 
refer to this case. If the mean value of AN, in a given region, differs appreciably from —40, 
the appropriate median field-strengths for all distances beyond the horizon are obtained 
by applying a correction factor of —0-5 (ATV+40) dB to the curves. If AN  is not known, 
but information concerning the mean value of Ns is available, where Ns — (ns—1) x 106, an 
alternative correction factor of 0-2 (Ns—310) dB may be used, at least for temperate climates. 
Whilst those corrections have so far only been established for the geographical areas re­
ferred to above, they may serve as a guide to the corrections which may be necessary in 
other geographical areas. The extent to which it is reliable to apply similar corrections to 
the curves for field strengths exceeded 1 % and 10 % of the time is not known. It is expected, 
however, that a large correction will be required for the 1% and 10% values, in regions 
where super-refraction is prevalent for an appreciable part of the time.

5. VHF 1 % (time) curves for mixed land and sea paths for a transmitting antenna at a height 
of 300 m are shown in Fig. 6. It was assumed, in constructing the curves, that the land 
sections of the path on either side of the sea section were equal. For other situations, 
estimates of mixed, path field strengths should be made, in accordance with the method 
described in Report 239-1.

ANNEX II

UHF BANDS (450 -1000 MHz)

1. Figs. 9, 10 and 11 show the field strengths exceeded at 50% of the locations and for 50%, 
10% and 1 % of the time respectively for land paths. They refer to the kind of rolling irre­
gular terrain, found in many parts of Europe and North America, for which a value of 
Ah of 50 m is considered representative. For greater or lesser values of Ah, a correction 
should be applied to the curves as shown in Fig. 8 (b).

2. The field strengths given in Figs. 9, 10 and 11 are expected to be exceeded at 50% of the 
receiving locations in rolling terrain, such as is frequently encountered in Europe and North 
America. For this kind of terrain, the field strengths for other percentages of receiving 
locations may be obtained by using the distribution curves given in Fig. 12.

3. Figs. 13, 14, 15 and 16 show field strengths exceeded at 50% of receiving locations in coastal
regions for 50%, 10%, 5% and 1% of the time respectively. They relate to propagation
in the North Sea and Mediterranean areas, the values for the greater distances being based 
on measurements in the North Sea area. Limited measurements of the median value of
field strength in the Mediterranean area are in good agreement. There is evidence, however, 
that the field strengths exceeded for small percentages of the time in the Mediterranean area 
are greater than those experienced in the North Sea area.
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4. These curves are based on long-term values (several years), and may be taken as represent­
ative of average climatic conditions throughout temperate regions. It must be noted, however, 
that for short periods of time (perhaps a few hours, or even a few days), field strengths may 
occur which greatly exceed those given in Figs. 9-16 inclusive.

5. Figs. 17 (a) and 17 (b) show 1 % and 10% curves for mixed land and sea paths for a trans­
mitting antenna at a height of 300 m, assuming the land sections of the path on either side 
of the sea section are equal. For other situations, estimates of mixed-path field strengths 
should be made in accordance with the method described in Report 239-1.



Fie
ld 

str
en

gth
 

(dB
 

rel
. 

1 
M-

V/
m)

Rec. 370-1 — 28 —

Logarithmic scale Linear scale
Distance (km)

F ig u r e  1

Field-strength (dB rel. 1 y.V/m) for 1 kW  e.r.p.
Frequency: 30-250 MHz (Bands I, II and III); Land and North Sea; 50% of the time; 

50% of the locations; h% — 10 m.

Free space



Fie
ld 

str
en

gt
h 

(dB
 

rel
. 

1 
[z

V/
m

)
— 29 — Rec. 370-1

200 1000 
- >  k m
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F ig u r e  2

Field-strength (dB rel. 1 \tVjm) for 1 kW  e.r.p.
Frequency: 30-250 MHz (Bands I, II and III); Land and North Sea region, 

10% of the time; 50% of the locations; h2 =  10 m.

Free space
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Logarithmic scale Linear scale
Distance (km)

F ig u r e  3

Field-strength (dB rel. 1 [iV/m) for 1 kW  e.r.p.
Frequency: 30-250 MHz (Bands I, II and III); Land; 1 % of the time;

50% of the locations; h2 = 10 m.

Free space
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Logarithmic scale Linear scale
Distance (km)

F ig u r e  4

Field-strength (dB rel. 1 \>.VIm) fo r  1 kW e.r .p .
Frequency: 30-250 MHz (Bands I, II and III); North Sea; 1 % of the time; 

50% of locations; =  10 m.

Free space



Percentage of receiving locations

F ig u r e  5

Ratio (dB), o f  the field strength fo r  a given percentage o f  receiving locations 
to the field strength for 50 % o f  receiving locations.

Frequency: 30-250 MHz (Bands I, II and III)
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10 20 5 0 100 200 400  600 600 1000< >.<    >. krn

Logarithmic scale Linear scale
Distance (km)

F ig u r e  6

Field-strength (dB rel. 1 [i-V/m) for 1 kW  e.r.p.
Frequency: 30-250 MHz (Bands I, II and III); Mixed land and sea (North Sea area); 

1 % of the time; 50% of locations; h2 =  10 m; /zx =  300 m.
(Best fit curves for indicated percentage of path over sea).

Free space



Transmitter
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Definition of the parameter Ah
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Ah (m)

F ig u r e  8 (a)

Attenuation correction-factor as a function o f  Ah for frequencies 150-250 M H z (Band III) 

(Parameter d  represents the distance from transmitter)

A h (m)

F ig u r e  8 (b)

Attenuation correction-factor as a function o f Ah for frequencies 450-1000 M H z (Bands IV  and V) 

(Parameter d  represents the distance from transmitter)
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Logarithmic scale Linear scale
Distance (km)

F ig u r e  9

Field-strength (dB rel. 1 [iV/m) for 1 kW  e.r.p.
Frequency: 450-1000 MHz (Bands IV and V); Land; 50% of the time;

50% of the locations; hz — 10 m; Ah = 50 m.

Free space
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F ig u r e  10

Field-strength (dB rel. 1 \J.Vjm) for 1 kW  e.r.p.
Frequency: 450-1000 MHz (Bands IV and V); Land; 10% of the time;

50% of the locations; h2 =  10 m; Ah — 50 m.

________  Free space
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Logarithmic scale Linear scale
Distance (km)

F ig u r e  11

Field-strength (dB rel. 1 [iV/m) for 1 kW  e.r.p.
Frequency: 450-1000 MHz (Bands IV and V); Land; 1% of the time;

50% of the locations; h2 = 10 m; A/; =  50 m.

Free space
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Percentage of receiving locations 

F ig u r e  12
Ratio (dB), o f  the field strength for a given percentage o f  receiving locations to the field strength for 50%

o f receiving locations.
Frequency: 450-1000 MHz (Bands IV and V)
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Logarithmic scale Linear scale
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F ig u r e  13

Field-strength (dB rel. 1 [J.V/m ) for 1 kW  e.r.p.
Frequency: 450-1000 MHz (Bands IV and V); North Sea; 50% of time;

50% of locations; h2 = 10 m; £sh =  50 m.

Free space
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F ig u r e  14

Field-strength (dB rel. 1 y.V/m) fo r  1 k W  e.r.p.
Frequency: 450-1000 MHz (Bands IV and V); North Sea; 10% of time;

50% of locations; A2 =  10 m.
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Logarithmic scale Linear scale
Distance (km)

F ig u r e  15

Field-strength (dB rel. 1 [iV/m) for 1 kW  e.r.p.
Frequency: 450-1000 MHz (Bands IV and V); North Sea; 5% of time;

50% of locations; h2 =  10 m.

Free space
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    >. km

Logarithmic scale Linear scale
Distance (km)

F ig u r e  16

Field-strength (dB rel. 1 [iV/m) for 1 kW e.r.p .
Frequency: 450-1000 MHz (Bands IV and V); North Sea; 1 % of time;

50% of locations; /?2 =  10 m.

 ---- ----------- -—  Free space
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10 2 0 5 0 100 200 400 600 800 10004---------------------------------------  . ><---------------------  —-------------------------------- >■ km

Logarithmic scale Linear scale
Distance (km)

F ig u r e  17(a)

Field-strength (dB rel. 1 y-V/m) for 1 kW  e.r.p.
Frequency: 450-1000 MHz (Bands IV and V); Mixed land and sea (North Sea area); 

1 % of time; 50% of locations; A2 =  10 m; hx — 300 m.
(Best fit curves for indicated percentage of path over sea)

Free space
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10 2 0 50  100 200 400 600  800 1000
<-------------------------------------------------------------------------------------------------------— -------------------------- — ------------------------------------------------------------------------------------------- > Km

Logarithmic scale Linear scale
Distance (km)

F ig u r e  17(b)

Field-strength (dB rel. 1 y.V/m) for 1 kW  e.r.p.
Frequency: 450-1000 MHz (Bands IV and V); Mixed land and sea (North Sea area); 

10% of time; 50% of locations; A2 =  10 m; hx =  300 m.
(Best fit curves for indicated percentage of path over sea)

Free space
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R EPO RTS O F SUB-SECTION G . l :  PR O PA G A TIO N  OVER TH E SU RFA CE 

O F TH E EA R TH  A N D  T H R O U G H  T H E N O N -IO N IZED  R EG IO N S 

OF TH E A TM O SPH ER E

REPO RT 227 *

MEASUREMENT OF FIELD STRENGTH, POWER FLUX-DENSITY 
(FIELD INTENSITY), RADIATED POWER, AVAILABLE POWER 

FROM THE RECEIVING ANTENNA AND TRANSMISSION LOSS

(1959-1963)

1. Introduction

This Report is submitted with the intention of collecting, in one paper, the available 
pertinent information on Question 8, which was originally formulated at the Vth Plenary 
Assembly, Stockholm, 1948. Since that time it has become apparent that for many pur­
poses the measurements of parameters other than field strength have come into use, par­
ticularly for the description of the performance of complete systems. These parameters 
are power flux-density (field intensity), available power from the receiving antenna and 
transmission loss **. The relations between these parameters are given in the Annex.

2. Purpose of measurements

Measurements of the above parameters are generally made for one of several purposes:

2.1 to determine the adequacy of the radio signal for a given service;

2.2 to determine the interfering effects of an emission ;

2.3 to observe propagation phenomena, either for use in communication studies or to gain 
information of value to other physical studies;

2.4 to check the strength of unwanted radiations of any waveshape arising from equipment 
which produces electromagnetic energy not intended to carry information and also to assess 
the efficiency of devices for the suppression of such radiation.

3. Antennae used for the measurements

The measurement of field strength may be made with any kind of receiving antenna, but 
below approximately 30 MHz, either loop or rod antennae are generally used on field-strength 
sets [7, 8, 9]. The loop antennae are balanced and/or shielded to reduce electric field pick-up. 
At present, general practice is to use an unbalanced loop with an electric shield split at

* This Report, which replaces Report 138, was adopted unanimously.
** Further discussion of the concept of transmission loss is given in Recommendation 341 and Report 112.
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the top. Most loops are multi-turn, although some instruments employ single-turn loops. 
Rod antennae cannot be effectively shielded from magnetic fields and, in this frequency 
range, are normally operated in an unbalanced manner with the rest of the instrument and 
power supply acting as ground.

Above about 30 MHz half-wave dipoles [7, 8, 9] are generally employed, although they 
are sometimes used in portable field-strength equipment as low as 18 MHz and for recordings 
of field strength at fixed locations at much lower frequencies. At these frequencies, when 
grazing incidence at the ground is involved, propagation is normally independent of pola­
rization. However, certain noise and interference measurement procedures are in use [1, 2, 3, 
4, 13, 15], in which very close spacings are employed and arbitrary standards are normally 
required. Even then complications arise, due to the rapid rate of decay of the fields in the 
near-in region. Measurements so made may not be representative of the actual fields at 
greater distances and this type of procedure should be avoided if at all possible, except where 
it simulates the actual physical situation encountered in practice.

The measurement of the available power in the same receiving antenna, as is used in the 
radio system under test, will often provide a more directly useful result than would be pro­
vided by the use of a simple standard antenna, particularly in view of the fact that the received 
field will often be so complex that it will be most difficult to calculate the performance of the 
actual system, in terms of field-strength measurements made with simple dipole antennae.

For the measurement of weak electromagnetic fields, directional antenna arrays may 
be required.

4. Effects of environment on the measurements

Field-strength or available power measurements should, in general, be made with the 
receiving antenna at the same location in which it will be used in practice. For a broadcast 
system, the performance is substantially affected by the presence of trees, buildings, overhead 
wires, etc., and it is important that such environmental factors should not be avoided in the 
measurements. A broadcast system is best evaluated by measurements made at a series of 
receiving locations, systematically chosen by the method described in Report 228-1.

However, in the special case of field-strength measurements made for the purpose of 
determining the radiated power or directivity of a transmitting antenna, it is desirable to use 
carefully selected sites with a minimum of disturbing environmental factors, so that the values 
on the transmission loss or inverse distance field may be determined with greater accuracy.

In selecting a site for making measurements, the following factors should be kept in 
mind:

4.1 The radio-frequency fields at VHF and UHF may be distorted by wooden poles,or other 
dielectrics as well as by conductors. If either the radiator or receiver is housed in a building 
for protection from the weather, this structure should be made preferably from materials 
of low dielectric constant which will not absorb water. Certain plastic materials have been 
found suitable in this respect. Where possible, measurements should be made with and 
without the structure to determine its effect. If there are buildings at the field-strength set 
location, the ends of the receiving antennae should be as far as possible from the walls.

4.2 At all frequencies, the effects of overhead wires, cables or other conductors must be con­
sidered, and the receiving antenna should, if possible, be located at a distance from the 
disturbing object of*at least several times the height of the object in areas of good ground 
conductivity and even further away in areas of poor conductivity. If a loop receiving antenna 
is used, the presence of such disturbing influences may often be detected from observations of 
the direction of arrival of the signal or from the poor definition of the nulls in the directional
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receiving pattern. If it is required to investigate nulls in a radiation pattern, special precau­
tions may be necessary, since a long power- line or communications-line may conduct energy 
into the area of the null region where measurements are being made.

4.3 At frequencies above a few megahertz, disturbing effects from underground cables do not 
usually have to be considered, but at frequencies much below 2 MHz, such cables can cause 
appreciable errors in field-strength measurements made near them, even when the cables are 
buried a few metres. Very long underground cables (or cables connecting to overhead lines) 
are especially to be avoided. Fortunately, the disturbing fields are generally the induction 
fields and the effect of the cables can be determined by measuring at a number of locations 
at different distances away from the cables to determine the rate of attenuation of field 
strength. In regions of very poor ground conductivity, these cables can be very troublesome 
and the effects may be complicated by directional patterns.

4.4 Vertically polarized fields in the VHF and UHF bands may be greatly affected by the ground 
conditions. If the source antenna and the field-strength measuring antenna are horizontally 
polarized and close to the ground and either one is raised, the fields will tend to rise almost 
linearly with height until a maximum is approached and then the field will vary cyclically as 
the antenna is further raised. However, with vertically polarised antennae, the fields will 
remain substantially the same until a certain height is reached, and then there will be cyclic 
variations. The height range of relatively constant field will vary almost inversely with 
frequency and almost directly with dielectric constant, except where conductivity is high, as 
with sea water. For example, a vertically polarized field at 40 MHz is fairly constant with 
height up to about 5 m over ordinary land; however, measurements over fresh water show 
that the field is constant to a considerably greater height. Failure to appreciate this phe­
nomenon may lead to some serious errors in evaluation.

4.5 The disturbing effects may differ for different kinds of equipment; for example, movement 
of the operator in the vicinity of a field-strength set with a loop antenna has little influence, 
but if a rod antenna is used the effect may be considerable.

4.6 It is shown in the Annex that it is sometimes preferable to measure either the field strength 
or the propagation loss, rather than the transmission loss, since these parameters are more 
nearly independent of the effects of the receiving antenna height or other environmental 
factors.

5. Effects of polarization

At low frequencies, vertically polarized waves are of almost exclusive interest, except for 
sky-wave reception, where horizontal polarization may be used. So far as ground-wave 
propagation is concerned, the polarization continues as radiated, except for minor wave- 
front tilt. However, for ionospheric reflections, the received signal is a mixture of vertical 
and horizontal polarization [10], except for certain frequencies and distances. Thus, a loop 
receiving antenna will not exhibit normal directional characteristics with reflected iono­
spheric signals.

Above about 30 MHz, both polarizations are useful for transmission purposes, since the 
antennae are located an appreciable fraction of a wavelength or more above ground and 
absorption of the horizontal component by the ground is not a serious problem. There is 
little change in the polarization whether the signal is propagated over long distances via the 
troposphere or over short distances along the ground. However, conductors and other 
bodies near the transmitter or receiver may absorb one polarization and re-radiate or scatter 
an appreciable component of the other. Many sources may radiate both types of polarization.
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the fundamental, as well as having maxima and minima at different locations from those of 
the fundamental.
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6. Units of measurement

Field strengths are usually measured in volts per metre or convenient sub-multiples 
thereof. This unit is strictly applicable only to the electric component of the field, but it is 
also generally used for expressing measurements of the magnetic component, especially for 
radiation fields in free space where the energies associated with both components are equal. 
Alternatively, at frequencies exceeding 1 GHz, the power flux-density (field intensity) may 
be measured in watts (or sub-multiples) per square metre.

If the emissions being measured have a bandwidth greater than that of the field-strength 
set, consideration must be given to the effect of this factor on the measurements. For 
impulsive noise with widely spaced impulses and a uniform energy distribution throughout 
the part of the spectrum under consideration, the peak voltage will be a direct linear function 
of the bandwidth and this leads to the unit of microvolts per metre per kilohertz (or microvolts 
per metre in a 1 kHz band) [1, 3]. The concept of transmission loss is very useful for certain 
systems and propagation studies [16]. The transmission loss is defined as the ratio (in 
decibels) of the transmitting antenna power input to the available power output from the 
receiving antenna. The unit employed is the decibel.

7. Accuracy and repeatability of the measurements

From the discussion in the Annex, it is observed that the measurement of all the quan­
tities under consideration here involves the determination both of the open circuit voltage 
in the receiving antenna as well as either the effective length, or the radiation resistance. 
The accuracy of determination of the latter two factors will depend upon the nature of the 
antenna and especially its environment, but, under ideal conditions such errors should be 
negligible compared to the error in measuring the open circuit voltage. The feasible absolute 
accuracy of measurement of the open circuit voltage is probably somewhat better than is 
shown in Table I;

T a b le  I

Frequency band
Accuracy 

of measurement 
( ±  dB)

Minimum field strengh 
at which this accuracy 

is obtained (p.V/m)

10 -  30 k H z......................................................... 2 1 0 C )
30 -  300 k H z......................................................... 2 5 0

300 -  3000 k H z......................................................... 2 2 0
3 -  30 M H z ..................................................... 2 2 0

30 -  300 M H z ..................................................... 2 2
300 -  3000 M H z ..................................................... 3 5 0

3 -  30 G H z ..................................................... 5 1 0 ( 0

(') The minimum values will be somewhat higher for field-strength sets with loop antennae. 
(2) 1 p.V/m corresponds to 2-7 x 10“15 watts/sq.m.

Under the special conditions encountered at monitoring stations, some improvement 
of the accuracy figure should be obtainable at considerably lower minimum field strengths. 
Recommendation 378-1 covers these requirements. When measuring noise and interference 
of an impulsive nature, lower accuracies may, in general, be tolerated [1, 3, 13].

4
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The relative accuracy or repeatability of the measurements will usually be substantially 
greater than their absolute accuracy, provided the radiation source being measured remains 
constant. However, certain types of radiation sources, such as the leakage from a signal 
generator, harmonics and other spurious outputs from transmitters, oscillator radiation from 
receivers, radiation in the null of a directional antenna, etc., may vary substantially with time, 
and this may result in apparent inaccuracies of measurement which, in reality, are simply due 
to a lack of stability of the quantity being measured.

8. Circuitry of the field-strength measuring set [1, 2, 7]

The signal delivered to the field-strength set may vary from a fraction of a microvolt to 
several volts and the design must be such as to avoid errors due to overloading and cross­
modulation in the early stages. At least one tuned circuit before the first tube and a radio- 
frequency attenuator are generally employed and are followed by a mixer and an amplifier 
having suitable gain and bandwidth. A calibrated intermediate-frequency attenuator may 
precede the intermediate-frequency amplifier chain, but sometimes change of bias to the 
intermediate-frequency tubes is used to provide the required attenuation. The intermediate- 
frequency amplifier drives the detector and metering circuits. Occasionally, pre-set switching 
of measuring circuits by coaxial relays may speed up measurements.

Many sets are designed to provide an approximately logarithmic input/output charac­
teristic, which is very useful when measuring or recording fading signals, etc. The required 
characteristic is obtained either by shaping the pole pieces of the output meter or, more 
frequently, by the use of a suitably designed automatic gain control of the intermediate- 
frequency amplifier.

9. Self-calibration techniques

A few sets depend solely on their constructional stability, without provisions for self­
calibration. Some check may be obtained in these sets by noting the tube noise indication. 
This approach is not too satisfactory, at present, unless signal generators are available for 
frequent checking. In general, self-calibration is provided by one of the following methods:

9.1 continuously variable frequency calibration oscillator with thermo-couple amplitude check. 
This probably has the best long-term stability;

9.2 continuously variable frequency calibration oscillator with crystal diode, tube diode, or grid 
current indicator. The latter is generally unsatisfactory, because of errors which often occur 
in its use;

9.3 fixed frequency calibration oscillator for setting the sensitivity of the field-strength set at 
one or more places in each band. This method has the difficulty that changes in receiver 
alignment can cause serious errors at other frequencies unless some further check is em­
ployed, such as the use of an impulse generator for extrapolation to other frequencies;

9.4 noise diode (especially for noise measuring sets). This is a compact and convenient type of 
calibrator for noise measurements, or rough measurements, but is not wholly satisfactory 
as used at present for other kinds of measurement, both because of its own accuracy prob­
lems and the effect of receiver bandwidth. The observed instability may be more related 
to the portable nature of the equipment in which this method is used, rather than to any 
fundamental inherent errors of a noise diode;
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9.5 impulse generator (especially for noise meters). This type of source is preferable for im­
pulse noise measurements, but it has the limitation that, if changes in receiver bandwidth 
occur, the calibration may be unsatisfactory for measurements other than impulse noise;

9.6 built-in signal generator and signal generator attenuator. This is probably the best method, 
but generally results in increased cost and weight, especially since very good shielding and 
filtering are required.

The self-calibration facilities are generally satisfactory over limited periods of time and 
the instruments should be periodically checked against external standards which should, 
whenever possible, provide the same type of waveform as the signal to be measured. It 
is advisable to make frequent checks until the stability of the particular instrument is deter­
mined. These should be made at various levels, to check attenuators as well as signal 
sources, and should include checks of the linearity of the interpolation meter. During these 
checks, it is generally advisable to verify the alignment with a sweep oscillator at several 
levels. Misalignment may cause operating difficulties, affect attenuator ratios, affect response 
on broadband signals, and cause regenerative effects resulting in bandwidth changes with 
signal level. Occasionally, the regenerative effects may be due to the feeding back of an 
intermediate-frequency harmonic to earlier stages and may result in a rather sharp change 
in sensitivity as the frequency is varied. Similar abnormal effects may occur in sets in 
which there is unwanted coupling between the calibrating oscillator and the rest of the set.

10. External methods of calibration

Of the external methods of calibration, two have found wide application. At frequen­
cies below 20 MHz, it is possible to calibrate a field-strength set with a loop antenna by the 
establishment of an accurately calculable voltage, induced by a second coaxial loop of known 
dimensions carrying a known current [5, 8, 9,14]. In the other method, which is particularly 
useful at the higher frequencies and which is applicable with either loop or rod antennae, 
calibration is effected by means of a known radiation field using horizontally polarized 
waves, [6, 8, 9, 14]. For both methods, an overall calibration of the field-strength set, includ­
ing the receiving antenna, is obtained under conditions similar to those likely to be encoun­
tered during subsequent use of the set.

11. Power supplies

All power supplies, including those for the tube heaters, should be adequately stabilized, 
and the primary power source should provide sufficient voltage at all times to ensure proper 
operation of the stabilizing apparatus.

12. Special precautions [7]

Before measurement is made:

12.1 Radio-frequency and intermediate-frequency attenuators should be checked against each 
other, if possible, and against the scale of the indicating meter.

12.2 When measuring strong signals, or a weak signal in the presence of strong signals, e.g. har­
monic or other spurious emissions, precautions should be taken to avoid overloading the 
early stages of the set. In the latter case, the use of filters at the set input is recommended.

13. Parameters suitable for measurement purposes

For continuous wave signals, the type of measurement made (average, peak, etc.), is 
relatively unimportant. However, with complex waveforms, the indicated value of the field
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strength or available power will be influenced by the characteristics of the measuring instru­
ment, i.e., its detector characteristics, bandwidth, dynamic range, integration time, etc.- Thus, 
the equipment must be designed to measure a parameter that is suitable for the evaluation of 
the type of waveform that is present. With a coherent signal of known waveform, one para­
meter is usually sufficient; but with an incoherent function such as atmospheric noise, two 
or more parameters are often necessary for an adequate description.

13.1 Measurement o f average value

The average value of a signal is given by the receiver, when the circuit following a linear 
envelope detector is designed to average the detector output voltage over a time interval long 
enough for rapid variations to be imperceptible. The average value is generally preferred 
for many modulated emissions, including amplitude- and frequency-modulated telephony 
(A3 and F3). It is also used for on-off keyed telegraphy (A1 or A2), where the key-down 
position can be maintained during measurement. It may also be used to measure the peak 
value on signals having a high duty factor for pulses at the peak value, such as television 
visual emissions with positive synchronizing signals. The peak value will, of course, be derived 
from the average value by the addition of a predetermined correction factor. It is also used 
as one of the parameters in evaluating atmospheric noise and other interference phenomena.

13.2 Measurement o f peak value

The peak value of a signal is given by the receiver, when the detector circuit is designed 
to give an output corresponding to the maximum instantaneous voltage of the signal. This 
may be measured by one of the following types of circuit:

— cathode-ray oscillograph at the output of the radio-frequency or intermediate-frequency 
amplifier;

— slide-back detector with audible or visual indicator to show when the threshold has been 
exceeded;

— peak detector with slave rectifier having a memory and a manual or automatic zero reset­
ting device.

Peak measurements are particularly suitable for low duty-cycle signals, including impul­
sive interference, but are often subject to greater fluctuations than the quasi-peak or average 
values. If the bandwidth of the signal to be measured is greater than that of the field-strength 
set, then the peak value of the emission, as measured by the detector, is affected. While 
measurements made at one bandwidth can be corrected to another bandwidth for certain 
simple types of emission, this is not the typical situation and bandwidth standardization for 
the sets is necessary if comparisons are to be made. Under such conditions, the bandwidth 
of the field-strength set should be stated. Similar bandwidth considerations may apply as in 
quasi-peak measurements, and reference should be made to Table I in § 13.3 for standard 
bandwidths.

13.3 Quasi-peak measurement

The quasi-peak value is that measured when the detector output is weighted by adjust­
ment of its charge and discharge time constants Tc and Td and the mechanical time constant 
of the indicating meter Tm. Because of its convenience, the quasi-peak value is generally 
used for types of emission which are keyed or pulsed, or for which the average value varies 
with modulation level. It is generally appropriate for impulsive interference measurements
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and, if the charge and discharge time constants are suitably chosen, quasi-peak measurements 
can provide a direct indication of the audible effect produced by interfering signals of any 
shape on modulated transmissions such as telephony.

As regards bandwidth, similar considerations to those of peak measurements apply, and 
care must be used in selecting both the bandwidth and the charge and discharge time cons­
tants to suit the type of emission being measured and to prevent overloading the set. Only 
a few sets of standard constants have been recognized by qualified organisations, and these 
are listed in Table II.

T a b l e  II

Frequency range 
(MHz)

Bandwidth 
at 6 dB down 

(kHz)

Charge time 
constant 
Tc ( s)

Discharge time 
constant 
Td( s)

Mechanical 
time constant 

Tm (s)

0015-0-15 Variable (0 08-0-8 (2) 0-001 (2) 0-600 (2)

0-15-30 9 O 0-001 (3) 0-160 (3) 0-160O
Variable (1-12) (2) 0-600 (2)

25-300 120 O 0-001 (3) 0-550 O 0-10
150 (2) 0-600 (2)

(1) C.I.S.P.R. [1].
(2) A.S.A. [2J.
(3) Used by both the above organizations.

13.4 R.m.s. voltage

The r.m.s. voltage [17] is measured by means of a thermocouple or electronic squaring 
circuit in conjunction with a suitable averaging circuit. It provides a direct measurement 
of the average power received in the bandwidth of the measuring instrument. For emissions 
with a uniform frequency spectrum, the r.m.s. voltage is proportional to the square root of the 
bandwidth (the average power is proportional to the bandwidth). The r.m.s. value is suitable 
for the measurement of many types of broadband phenomena, but is particularly useful in 
the measurement of atmospheric noise [18]. Since the squared values have a wider range of 
fluctuation than the original phenomenon, a wider dynamic range and longer time constant 
are required. With atmospherics, a time constant of 500 s has been found satisfactory.

13.5 Average logarithm

The average logarithm is obtained by inserting a logarithm amplifier between the 
detector and the averaging circuit. This type of measurement, in conjunction with measure­
ments of the average and r.m.s. values, provides information on the character or interference 
potential of noise. For atmospheric noise, these three parameters provide a means of deter­
mining the complete amplitude-probability distribution [11, 17].

13.6 Statistical measurement

It is frequently of interest to determine the statistical variations of field strength with 
time, by considering the variation of the instantaneous values, or the variations of the average 
value of any of the above parameters. The latter can be measured by means of time totalizers 
with several pre-set thresholds, so that the total time above each threshold is indicated on 
motor-driven counters. These counters are read at the end of any desired period of time.
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When the variations of the instantaneous values are of interest, electronic counting 
circuits are used, that will respond to the instantaneous IF or detector output. By means of 
suitable gating and threshold circuits, the amplitude-probability distribution of these values 
can be obtained. The complete amplitude-probability distribution has been found useful in 
evaluating the interference, particularly that of atmospheric noise, to the reception of various 
types of signal [12].

14. Parameters to be measured for different types of emission

Table III is a summary of suggested parameters for the measurement of various emis­
sions, as classified in Article 2 of the Radio Regulations, Geneva, 1959.

T a bl e  III

Type o f emission Parameter measured 
(see § 12)

AO, A2, A3, A4, A9
FO, FI, F2, F3, F4, F5, F9 O
A1 (key down)
A5 (negative sync.) (2)

Average

A l, A3 A, A3B, A9A Quasi-peak

A5 (positive sync.)
PO and other pulsed emissions Quasi-peak or peak

(') Care must be exercised that the bandwidth of the field-strength meter is adequate to pass the FM emissions.
(2) It is usual to define the field strength of a negative sync, television signal as the peak-white value. This can be derived 

from the average value, if the waveform being radiated is known at the time the measurement is made.

When the radiated power is wholly or largely independent of the degree of modulation, 
it should suffice, for most field-strength measurements, to specify the unmodulated carrier 
power. However, when the radiated power is largely dependent on the degree of modulation, 
it appears desirable, for high precision field-strength measurements, for the two terminals to 
cooperate, either by recording the transmitter output power with an instrument having cha­
racteristics similar to those of the field-strength recorder, or by the transmission of special 
signals.

15. Radiated power

The radiated power from a transmitting antenna may be determined, either as:

15.1 the input power to the transmitting antenna diminished by the loss in its antenna circuit, or;

15.2 the measured available power in a lossless receiving antenna increased by the transmission 
loss, the reception being carried out at some carefully chosen location where the transmission 
loss can be calculated.

At the lower frequencies, the radiated power is often determined by measuring an unatten­
uated inverse distance field, i.e. the radiation field expected at a unit distance on a perfectly 
conducting plane surface. Then the radiated power may be determined by calculations 
which allow for the radiation characteristics of the particular antenna under consideration.
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ANNEX

T h e  r e l a t i o n s  b e t w e e n  f ie l d -s t r e n g t h , p o w e r  f l u x -d e n s i t y  ( f ie l d  i n t e n s i t y )
AND THE AVAILABLE POWER IN THE RECEIVING ANTENNA

Let e denote the field strength (V/m). The power flux-density (field intensity), /  (W/m2) 
is given by:

e2
/ = -  (1)

where z is the characteristic impedance of the medium in which the measurement is made. In 
air or free space z <=» 120 n 12.

The absorbing area of a receiving antenna with gain, gr, relative to an isotropic antenna, may 
be expressed:

gr r/ n \ae = —-----  (2)e 4 t tr v '

where X is the wavelength in the medium, r is the radiation resistance of the antenna, while /y is the 
radiation resistance the antenna would have if it were in free space. Combining equations (1) 
and (2), we find the following formula for the available power, p'a> from a lossless receiving antenna:

* X g r rf
Pa 4 tvzr  4 r K)

The v in equation (3) denotes the open circuit voltage induced in the receiving antenna. Solving 
equation (3) for v, we find the following general relation between the field strength and the open 
circuit voltage for an antenna with gain, gr, and free space radiation resistance, ry:

v =  e \J x2 grrf/v:z =  el (4)

We see by equation (4), that the measurement of the field strength involves essentially two 
steps:

— the measurement of the open circuit voltage, and

— the determination, either by calculation or measurement, of the effective length, /, of the 
receiving antenna [5, 6, 15 and 19].

Similarly, we see by equation (3), that the measurement of the available power also involves 
two steps:

— the measurement of the open circuit voltage, and

— the determination, either by calculation or measurement, of the radiation resistance of 
the receiving antenna. Note, however, that the radiation resistance, and, thus, the avail­
able power, depends upon the height of the receiving antenna above the ground, whereas 
its effective length is, at least to a good first approximation, independent of this height or 
of other environmental influences. This is one of the advantages of measuring the field 
strength rather than the available power in some applications. Note that the propaga­
tion loss Lp may be so defined that it is also independant of such effects of the local en­
vironment on the antenna impedance (see Report 112 for a more complete discussion 
of propagation loss).
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REPO RT 228-1 *

M EASUREM ENT O F FIELD STRENGTH FO R  VH F (M ETRIC) AND U H F 

(DECIM ETRIC) BROADCAST SERVICES, INCLUDING TELEVISION

(1959-1963 -  1966)

1. Description of coverage

For the purpose of frequency assignment, the description of coverage for VHF (metric) 
and UHF (decimetric) broadcast services (television, broadcasting, frequency-modulation 
broadcasting, etc.), should be in terms of the extent to which service is provided to potential 
viewers or listeners. The service may be classified in accordance with the quality of the signal 
at an individual location. For the purpose of assigning stations, it is probably necessary to 
consider only one quality of service; however, it may be useful for other purposes to define 
more than one quality.

Several methods have been proposed for describing the service coverage of broadcast 
stations in the VHF (metric) and UHF (decimetric) bands.

An acceptable method for describing broadcast service should meet the following general 
criteria [1]:

1.1 it should show the location and extent of all areas provided with a given quality of service;

1.2 it should take into account significant variations with times;

1.3 the method of specifying service should be sufficiently fine-grained to be capable of showing 
the amount (area or population) and location of service in distinct areas and directions 
from the transmitter;

1.4 it should be capable of showing the effect of interference from one or more stations in terms 
of the amount and location of service lost;

1.5 it should be capable of showing two or more qualities of service;

1.6 it should be possible to predict the service area by means of a reasonable number of measure­
ments and/or calculations of field strength;

1.7 it should lend itself to simple two-dimensional presentation.

After extensive studies on the various methods for describing VHF (metric) and UHF 
(decimetric) broadcast services, the location probability has been recommended [1, 2] as the 
best statistic for describing services. A brief description of the meaning of this statistic is 
given for the benefit of those not familiar with the term. Under steady-state laboratory con­
ditions, it has been possible to evaluate statistically the useful signal-to-interfering signal 
ratios which are required to produce pictures or sound of a quality acceptable to different 
observers in the presence of various types of interference. The ratio accepted by some per­
centage of the observers, say 50 %, is chosen as the acceptance ratio for each type of inter­
ference. At any specific location, the useful signal and/or the interference may vary with 
time, so that the term “ time-availability ” is used to indicate the percentage of time for which 
the acceptance ratio is exceeded. A particular quality of service corresponds to a specified

* This Report was adopted unanimously.
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acceptance ratio exceeded for a given percentage of time at an agreed standard receiving 
installation. The location probability is then defined as the probability of receiving this 
quality of service or better. Alternatively, the location probability may be defined as the 
percentage of locations in a small area, for which this quality of service or better is expected. 
To minimize computations, the single value of 90% time availability may be adopted as 
the satisfactory level. This figure might be changed as found desirable, or several levels and 
standard receiving installations might be adopted to show different qualities of service.

Location probability describes, in a satisfactory manner, the location and amount of 
the service available from the point of view of the station assignment and allocation planner, 
the operating authority and the viewer or listener. It is believed that this statistic is the 
most meaningful and practical for the description of television and frequency-modulation 
broadcast service and easily meets all the above criteria. Location probability is preferable 
to the signal-to-interference ratio or the useful signal level as a service index, because it pro­
vides a comparable measure of the quality of service which is independent of frequency, 
distance, etc. Although the signal-to-interference ratio might be more easily comprehended, 
it has the disadvantage of requiring different numbers at different frequencies and distances 
to describe the same quality of service. The useful signal level is an unsatisfactory index, 
in that it varies with frequency and cannot take into account interference other than receiver 
noise. However, when the interference is receiver noise, then contours of constant location 
probability will also be contours of constant field strength. Procedures for the computation 
of location probability are relatively simple and rapid [2, 3].

Two illustrations of the presentation of service by the use of location probability are 
given in Figs. 1 and 2. The solid curves represent contours of constant service along which 
the location probability of a given quality of service is constant for a standard installation. 
Where service is limited by noise, rather than co-channel interference, the location proba­
bility, found at a given distance along any radial in Fig. 1, corresponds to some fixed median­
time, median-location value of field-strength. For example, a location probability of 0-5 in 
Fig. 1 corresponds to a median field-strength of 57 dB rel. to 1/piV/m. Fig. 1 shows a great 
amount of detail, possibly more than could be shown normally with a practical amount of 
data. However, such detail might be desired for specific sections of a station service area, 
depending upon the particular problem at hand. Fig. 2 shows what a service map might 
look like in a more typical case, where the great amount of data for a more detailed map 
like Fig. 1 is not available.

It is well known, that under practical operating conditions, many people will use an 
installation just good enough to provide a satisfactory service, but will go to extremes 
to get the service. Thus, in a strong-signal area many people will use indoor antennae, 
whereas in weak-signal areas many will employ extremely good installations. Consequently, 
the number of people receiving a satisfactory signal may well be different than that computed 
from location probabilities based on a standard receiving installation. However, to provide 
an objective description of available service, it is desirable to refer always to a fixed quality 
of service, received on a standard installation. The adoption of a standard receiving 
installation also makes possible the computation of the combined effects of multiple 
sources of interference.

Besides meeting all the required criteria, this portrayal of service has several other 
advantages. The effective service area, or the population served by an individual station, 
may be computed by summing the products of the location probability multiplied by the 
area or the population respectively to which this probability applies [2, 3].

This method of portrayal is also convenient for estimating the interference effects of 
existing, new or proposed stations in neighbouring areas. Thus, the overall location pro­
bability for service in the presence of a number of interfering services, is approximately the 
product of the individual location probabilities for service of the useful station in the presence 
of each source of interference acting alone [2]. This approximation is fairly good when 
the resultant overall location probability is 50 % or better and improves as the resultant ser­
vice increases. More accurate methods for computing the effects of multiple interference 
are also available [2, 4].
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2. Method of measurement

Field-strength measurements of VHF (metric) and UHF (decimetric) wave broadcasting 
stations are made to meet the following objectives:

2.1 to provide a basis for assessing the extent of service of any given quality;

2.2 to check the directional pattern and power radiated from a transmitting antenna;

2.3 to provide data with a view to increasing general knowledge concerning propagation con­
ditions in the bands concerned.

In making measurements, the following conditions should be fulfilled:

2.4 measurements should be readily reproducible so that they can be checked subsequently, if 
required;

2.5 the procedure should provide the required information in an efficient manner;

2.6 the method should not be hazardous nor too expensive.

Various methods of measurement currently in use fulfil the foregoing criteria with 
varying degrees of success.

It is certainly easier to make the measurements, if the wave collector is about 3 or 4 m 
above the ground, but a height of 10 m more nearly corresponds to the height of the receiving 
antenna of a typical installation. After obtaining results for a height of 3 m in relatively flat 
and open terrain, they can be suitably corrected for height, but height correction is difficult 
for very irregular terrain or built-up areas, more particularly at UHF. Therefore, 10 m 
would seem to be the best height for the measurement antenna and ideally a great many 
independent sample observations should be obtained at this standard height.

On the other hand, when the height of the transmitting antenna is such, that the field 
strength varies non-linearly with height above the ground for the frequency band concerned, 
it is desirable to measure the field strength at various heights up to at least 20 m [8].

In making measurements of the coverage of television transmitters, the normal practice 
in all bands is to measure the field strength of the sound channel and to apply the appro­
priate factor, to obtain the peak field strength of the picture signal which is expected to corre­
late closely with the quality of reception as a general rule.

However, when using directional receiving antennae, it is sometimes insufficient to 
measure only the strength of the sound signal to determine the coverage of a transmitter 
for both vision and sound.

It is desirable that the recorded results of a survey should relate to the field strength 
available for 50 % of the time. Within 20 to 30 km from the transmitting site, the fading range 
will generally be very small and no great error will have been introduced by making measure­
ments at any time, irrespective of the prevailing refractivity of the lower atmosphere. At 
the greater ranges at which survey measurements are made, as for a high-power transmitter, 
fading effects may lead to a serious error. At these greater ranges, it is desirable, while a 
survey is in progress, to make continuous field-strength recordings at a fixed reference point, 
which may, however, need to be changed as the survey proceeds. From examination of 
these records, it can be decided whether any particular survey measurements should be 
rejected or whether they could be adjusted for normal conditions.

In the course of a coverage survey, most of the measurements are made in towns and large 
villages, sometimes supplemented by measurements along radials from the transmitter site.

2.7 Measurements at frequencies below 100 MHz

Normally, below 100 MHz, a continuous record of field strength is made by a travelling 
vehicle, usually with a suitable chart recorder geared to the road wheels of the vehicle. 
Ideally, the method of measuring at the full standard receiving antenna height of 10 m is
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desirable, but there remains the practical consideration of surveying a large area within a 
reasonable time. A large number of comparative measurements, made at 10 m and at those 
heights practicable for mobile recording, confirms that a linear correction is of sufficient 
accuracy at frequencies below 100 MHz. For mobile measurements of this kind, it is clearly 
convenient to use an omnidirectional antenna.

As a rule, it is not convenient to make measurements at a height of 10 m over long 
lengths of road, near overhead wires, trees, etc., but short runs (30 to 150 m), or individual 
spot measurements can be made at this height. As will be described in more detail below, 
it is possible to use a systematic procedure of statistical sampling for determining the loca­
tions at which these short runs or spot measurements should be made. The degree of accu­
racy, in estimating the area or population provided with a given quality of service, may also 
be determined. The short distance runs are made along a short section of road, centred 
on the measurement point selected and the median value of the field measured on this run 
is referred to this location. As compared with spot measurements made at the given loca­
tion, the advantage of the short distance runs is that the median value which it gives is more 
readily reproducible. Spot measurements are more easily made and may also be used to 
obtain a distribution of the field strength with respect to time over the period involved.

In the presentation of the results, the exact position of the measuring points is plotted 
on a map and the median or spot value of the field at those points is shown. The following 
particulars are noted for each point in a separate report; local topography, height and type 
of vegetation, housing, obstacles, weather conditions, times of day and any other local 
features likely to affect the received field (if necessary, photographs from measuring sites 
can be provided). An indication should also be given of the median, maximum and mini­
mum values of field strength for each short mobile run or measurement group and of the 
direction from which the maximum signal arrives, if other than the direction of the transmitter.

2.8 Measurements at frequencies above 100 MHz

At frequencies above 100 MHz, particularly in bands IV and V, field-strength measure­
ments must be made at the required height of 10 m, since linear height-gain between 3 m 
and 10 m should not be assumed at UHF.

An estimate is made here of the number of independent single-sample measurements 
required to achieve the desired degree of accuracy. This accuracy is generally required to be 
greater when measuring field strength within the critical range 46 to 66 dB and 60 to 80 dB 
rel. l[xV/m for VHF and UHF respectively. Towns, where the median field strength is out­
side these ranges, can be considered to be either inadequately served or to have good coverage, 
so that in these cases small errors in measurement of field strength are less important. Fig. 3 
shows the number of independent sample measurements required to give 95 % probability 
that the probable error s in a median value will be less than 2 dB or 4 dB. In practice, the 
acceptable sampling error s should not be greater than 2 dB in the critical zone, but may be 
increased to 4 dB where accuracy is less important. The relationship between the necessary 
number of samples and the “ variation factor ” , V, defined as the ratio (in decibels) of the 
field strengths exceeded at 50% and 90% respectively of the locations within the town or 
other compact area under consideration, is given in Fig. 3, which is derived from the assump­
tion that the distribution of field strength is log-normal.

The value of the variation factor, V, usually lies within the range 5-10 dB at VHF or 
5-15 dB at UHF although in a few cases it may reach 20 dB. Fig. 4 shows the distribution of 
V for a number of towns in the United Kingdom at both VHF and UHF. Generally, the 
median value of V  taken for Fig. 4 is used for the determination of the required number of 
independent samples, but if during a survey, it becomes apparent that V  differs appreciably
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from the median of those values shown in Fig. 4, the number of samples taken is increased. 
In general, the number of samples should be between 10 and 100, if the above limits are to be 
maintained.

Another method of deciding the number of sample measurements required, which may 
have advantages over the method described above, particularly at UHF, is to measure initially 
the overall range of scatter R  of the field strength at a few topographically high and low 
points. It can be assumed that the range R  is equal to 6cr, where a is the standard deviation. 
For a log-normal distribution, V = 0-2147?.

To assess the extent of service, the measurement procedure may be considered a sam­
pling process in which the cumulative distribution of the sample represents an estimate of 
the variations within a given area of the actual fields. The choice of sampling locations 
should be free of bias and should as nearly as possible represent typical operating installations. 
An important factor affecting the choice of sampling location is the tendency for successive 
measurements made adjacent to each other to be correlated among themselves, that is they 
are serially correlated. Independent measurements made with sufficient separation to elim­
inate serial correlation provide an efficient estimate of the variation of the fields. Studies 
indicate that significant serial correlation between successive measurements will be present 
at separations normal to the path of propagation up to one or two kilometres [3, 5, 6]. 
Serial correlation will be present in radial measurements at even greater separations.

2.9 Selection o f sites for measurements

As far as practicable, the urban measuring locations are usually selected at random by 
reference to a town map, the density of measurements nevertheless being varied according 
to the population distribution. At each measuring location, a single sample value of field 
strength may be obtained or, alternatively, a cluster of some four or five measurements may 
be made at points separated by only a few metres, and the estimated mean of these four or 
five values recorded as the “ sample location ” measurement. It is often found that there is 
substantial correlation between field-strength measurements separated by only a few metres, 
particularly if a multi-element antenna is employed, but much greater variations between 
those widely separated, e.g., over different areas of a town. The “ single sample ” method 
is often preferred, because of the additional time that may be taken in making “ cluster ” 
measurements (due to the frequent raising or lowering of the receiving antenna), or because 
of the hazard in moving the measuring vehicle while the antenna is fully erected. However, 
the mean of a cluster is more readily reproduced than a single sample observation, and it can 
be shown that a given accuracy in assessing the overall variation factor in the area under 
consideration can be achieved by some 10% to 15% less cluster “ measurements” than 
“ single sample ” measurements.

All the sample measurements are made using a receiving antenna mounted at the 
standard height of 10 m. At UHF and at VHF in hilly terrain, typical directional antennae 
should be used to discriminate against echo signals from surrounding hills and buildings.

For each urban area under consideration, a graph is constructed of the location distribu­
tion of field strength from which may be found the percentage of locations at which any 
given field strength is exceeded.

To arrive at an estimate of the cumulative distribution of field strength in an incre­
mental area within the service area of the transmitter, a sample set of measurements should 
be obtained in such a way that the propagation characteristics are similar throughout the 
area of measurement. For example, systematic effects such as large variations of field with 
distance, should be avoided. One way in which this can be accomplished is to confine 
each set of sample measurements to an annular area, or segment thereof, centred on the 
transmitter.

The measurement locations should be laid out on circles or circular arcs centred on 
the transmitter. The choice of radii for the circles will depend largely upon the location proba­
bilities expected. Therefore, it is extremely helpful to make estimates in advance of the
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dependence upon distance of the location probabilities for the particular case in question. 
Fig. 5 shows a hypothetical example of this dependence, based on a relationship between field 
strength and distance for a television station operating in the 54 MHz to 88 MHz frequency 
band and assuming a log-normal distribution with a standard deviation of 6 dB to represent 
the dispersion of field-strength values in the incremental areas. Studies of irregular-terrain 
propagation at these frequencies [2, 3, 5, 6, 7], indicate that the logarithm of the field strength 
has an approximately normal distribution. In this example, the location probabilities in­
dicate the percentage of the areas at the distances shown, that would be expected to 
have a field strength in excess of 57 dB rel. 1 jj-V/m. Fig. 6 illustrates a possible distribution 
of locations for the measurements. It should be noted that, in this example, the greatest 
concentration of points is proposed at the distance for which the location probability is 0-5, 
to provide, in the most efficient manner, information about the total area served. The sepa­
rations between adjacent measurements should be adequate to eliminate, or at least to 
minimize, the effects of serial correlation.

2.10 Presentation o f results

When the proposed measurement locations, determined in a manner similar to Fig. 6, 
are transposed to an actual map, it will be found that many of them lie in inaccessible areas. 
In such cases, the measurement will probably be made nearby at a location which is accessible. 
The important point to consider in choosing alternate locations is to avoid introducing 
bias, such as might be the case, for example, if these alternate locations were unduly concen­
trated along highways.

It would be a relatively simple matter to include other observations along with the basic 
field-strength measurements. At a selected number of the locations variations with time 
could be recorded over a reasonably long period of time. Also the effect of antenna height, 
antenna directivity, picture or sound quality etc., could be observed. Additional measure­
ments could be made in areas of special interest.

In addition to the method of coverage presentation given in this Report, it is usual to 
present a field-strength map showing the position of the median contours. The amount 
of detail that needs to be shown, depends upon the degree of irregularity of the terrain and 
is greater at UHF than at VHF. The supplementary information required with such a map 
is a table, showing the median field-strength and variation factor for 50% to 90% of the 
locations for each of the more important centres of population.

It may also be useful to present a map similar to Fig. 1, but showing only two or three 
major demarcations of service zone; for example, the area within which, in any locality, 
more than 70% or 95% of viewers can obtain a satisfactory service.
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F ig u r e  1 

The concept of service probability
The numbers indicate the probability of locations receiving 

an acceptable service for at least 90% of the time
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F ig u r e  2

The concept of service probability
The numbers indicate the probability of locations receiving 

an acceptable service for at least 90 % of the time
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Variation factor, V (50 % -  90 %) (dB)

F ig u r e  3

Number of sample measurements required to give 95 % probability 
that the error, s, in the median value will be less than 2 dB or 4 dB
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Distribution o f values of variation factor for towns in the United Kingdom 
All measurements made with the receiving antenna 10 m (30 ft) above ground level
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Variation of the location probability of service with distance from the transmitter. Based on typical propagation 
characteristics o f a television station operating at 100 kW  e.r.p. in the 54—88 MHz band
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Possible arrangement of measurement sites for a 100 kW  station over average terrain 
(The transmitter is located at the centre of the diagram).
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R EPO RT 229 *

D ETERM IN A TIO N  O F T H E ELECTRICAL CHARACTERISTICS 

O F TH E SURFACE O F TH E EARTH

(Question 1/V)

(1959-1963)

1. Introduction

This Report discusses the physical factors upon which the electrical characteristics of 
the surface of the earth depend, reviews the methods which have been used to determine 
the ground constants and assesses the value of these methods in connection with the calcula­
tion of radio propagation; a list of references to published literature on this subject is given 
at the end of the Report.

2. The characteristics of the ground

The electrical characteristics of the ground or other medium may be expressed by three 
constants, the relative permeability, the dielectric constant and the conductivity. The relative 
permeability can normally be regarded as unity so that, in most propagation problems, we 
are concerned only with the dielectric constant, e and the conductivity cr. These two constants 
jointly influence wave propagation, in accordance with the following expression for the 
complex dielectric constant relative to a vacuum:

s' = s — j 18 000 a I f  = s — j 60 a X

where a is in mho/m, /  is the frequency in MHz, X is the free-space wave-length in metres, 
and the time factor exp(jw) is assumed. It may be noted that the displacement and the 
conduction current densities are proportional respectively to e and 60 a x. The relative 
importance of the two constants, s and <r, can be judged from the relative magnitudes of 
these two current densities. Table I shows the frequency at which the two current densities 
are equal for several types of surface. When the frequency is less than about 1/3 of the value 
shown in this Table, the effect of the displacement current, or of s, is practically negligible. 
Conversely, when the frequency is greater than about 3 times the value shown, the effect of 
the conduction current, or of a, is similarly negligible.

T abl e  I

Frequency at which displacement and conduction current densities are equal

s a (mho/m) /  (MHz)

80 4 900
10 i o - 2 18
5 i o - 3 3-6

* This Report, which replaces Report 139, was adopted unanimously.
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3. Factors determining the effective ground constants

The effective values of the constants of the ground are determined, not only by the 
nature of the soil, but also by its moisture content and temperature, by the frequency, by 
the general geological structure of the ground and by the effective depth of penetration and 
lateral spread of the waves. The absorption of energy by vegetation, buildings and other 
objects on the surface must also be taken into consideration.

3.1 Nature o f the soil

Although it has been established by numerous measurements that the constants vary 
with the nature of the soil, it seems probable that this variation may be due not so much to 
the chemical composition of the soil as to its ability to absorb and retain moisture. It has 
been shown that loam, which normally has a conductivity of the order of 10” 2 mho/m can, 
when dried, have a conductivity as low as 10~4 mho/m, which is of the same order as that 
of granite.

3.2 Moisture content

The moisture content of the ground is probably the major factor determining its electrical 
constants. Laboratory measurements have shown that, as the moisture content is increased 
from a low value, the constants increase, rapidly reaching their maximum values as the mois­
ture content approaches the values normally found in such soils on site. At depths of one 
metre or more, the wetness of the soil at a particular site seems to be substantially constant 
all the year round and, although it may increase during rain, the drainage of the soil and sur­
face evaporation soon reduces it to its normal value after the rain has stopped. The moisture 
content of a particular soil may, however, vary considerably from one site to another, due 
to differences in the general geological formation which provide better drainage in one case 
than another.

3.3 Temperature

Laboratory measurements of the constants of samples of various types of soil have 
shown that the temperature coefficient of conductivity is of the order of 2% per degree 
centigrade, while that of the dielectric constant is negligible and that at freezing point there 
is a large rapid change in both constants. Although these changes are appreciable, it must 
be borne in mind that the range of temperature variation during the year decreases rapidly 
with depth, so that temperature effects are likely to be important only at high frequencies 
where the penetration of the waves is small (see § 3.5), or when the ground is frozen to a 
considerable depth.

3.4 Frequency

Laboratory measurements on soil samples show that there is a variation of the constants 
with frequency which depends markedly on the moisture content. It is noted, however, 
that the variation of conductivity is appreciable only at abnormally low values of moisture 
content and that the apparent change in dielectric constant may be due mainly to polarization 
effects. It is uncertain, therefore, whether, in practice, frequency has any substantial influence 
on the constants of homogeneous soil (see, however, § 3.6).

3.5 General geological structure

The ground involved in over-land propagation is not usually homogeneous, so that 
the effective ground constants are determined by several different types of soil. It is, there­
fore, of great importance to have a complete knowledge of the general geological structure 
of the region concerned. The effective constants over an area or along a path are determined,
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not only by the nature of the surface soils, but also by that of the underlying strata. These 
lower strata may form part of the medium through which the waves travel or they may have 
an indirect effect by determining the water level in the upper strata.

3.6 Penetration and spread o f waves

The extent to which the lower strata influence the effective ground constants depends 
upon the depth of penetration of the radio energy. This in turn depends on the value of 
the constants and the frequency. If the depth of penetration, 8, is defined as that depth 
in which the wave has been attenuated to 1/e (or 37%) of its value at the surface, then over 
the frequency range 10 kHz to 10 MHz, 8 has the values shown in Table II. It will be seen that 
at frequencies of 10 MHz and above, only the surface of the ground need be considered, but 
at lower frequencies, strata down to a depth of one hundred metres or more must be taken 
into account. It is particularly important to take account of the lower strata when the 
upper strata are of lower conductivity, since more energy penetrates to the lower levels than 
happens with an upper layer of higher conductivity.

The radio energy received at a point does not travel solely by the direct path from the 
transmitter, but also by a large number of indirect paths distributed on either side of it. It 
is necessary, therefore, to consider the constants of the ground not only along the path itself, 
but also over the area covered by the lateral spread of the wave paths. No definite limits 
can be put on this area, but it has been suggested that it is effectively the first Fresnel half­
wave zone, i.e. the ellipse having the transmitter and receiver positions as its foci and axes of 
(D+X/2) and y/D'k respectively, where D is the length of the direct path and X is the wave­
length.

3.7 Energy absorption by surface objects

Although surface objects have no direct influence on the constants of the ground itself, 
they can contribute appreciably to the attenuation of ground waves and the values of the 
ground constants used in propagation calculations may take account of the effects of such 
energy losses.

In particular, it has been found that the attenuation of the ground-wave over wooded 
terrain, at a frequency of 75 MHz, may be very much greater for a vertically-polarized wave 
than for a horizontally-polarized wave (Doc. V/24 (Federal Republic of Germany), Geneva, 
1962).

4. Methods of measuring ground constants

The following methods have been used to determine one or both constants.

4.1 Laboratory measurement o f soil samples

The dielectric constant and conductivity of samples of soil are determined by measu­
rements of the resistance and reactance of capacitor units containing the soil as the dielectric. 
This method has been used for measurements on sea water and a wide variety of soils, inclu­
ding rock, at frequencies mainly in the range 1 kHz to 10 MHz.

4.2 Probe method o f ground resistivity measurement

The conductivity of the ground is obtained by measurements on site of the resistance 
between probes driven into the ground. The measurements are usually made with direct 
current using a system of four probes, a current being passed between one pair and the resul­
tant potential difference being measured between the other pair. The depth to which the 
measurements are effective is determined by the spacing between the probes and the thickness 
of the surface layer or soil, or the height of the water table can be determined by a series of 
measurements made at different spacings.
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The conductivity has also been deduced from the measured mutual impedance between 
two parallel lines laid on, or just above, the surface of the ground and earthed at their ends.

4.3 Wave-tilt method

This method is based on the fact that the surface losses give rise to a small radial compo­
nent of the electric force vector. In general, the electric vector is elliptically polarized, and 
the major axis of the ellipse is tilted forward to account for the flow of power into the surface. 
The method involves a careful measurement of axial ratio and forward tilt of the ellipse with 
a rotatable dipole. When the surface is not horizontal, the measurement of the forward tilt 
should be made relative to the local normal to the surface, not relative to the vertical (Doc. 
V/20 (Poland), Geneva, 1962). It is reported that careful use of this method allows mea­
surement of earth constants over a range of frequencies from 100 kHz to 40 MHz (Doc. V/l 
(Federal Republic of Germany), Geneva, 1962).

The wave-tilt method has been used successfully to measure horizontal inhomogeneities 
of the surface. Errors will result, however, if the measurements are made in the vicinity 
of areas where there are large horizontal gradients of conductivity, as with a transition 
from land to sea or from light soil to swampy soil.

4.4 Measurements of ground-wave attenuation

Measurements are made of the attenuation with distance of waves propagated along 
the ground and the ground conductivity is deduced by the comparison of the results with 
propagation curves, derived according to rigorous theories or semi-empirical methods 
regarded as acceptable in the case considered. The method is applicable at all frequencies.

4.5 Attenuation with depth below the surface

The ground constants may also be determined by measuring the relative rate of attenua­
tion of the field strength with a receiver as it is lowered below the surface of the earth in a 
well or other suitable hole [37].

4.6 Measurements of phase-change

The conductivity over homogeneous ground may also be deduced from measurements 
of the change of phase with distance of a ground-wave, the value of the constant being deter­
mined from the rate of change of the phase. This method, which has been used only at low 
frequencies, is found to be a more sensitive means of locating discontinuities in the ground 
than that provided by an attenuation measurement.

4.7 By measurement o f reflection coefficient

The reflection coefficient of the ground is measured in the field by methods involving 
normal incidence radiation. From the results, both the dielectric constant and the conduc­
tivity can be deduced, though with less accuracy in the case of the latter. This method is 
only suitable at very high frequencies.

4.8 Dispersion o f sferic waves

When an impulse, such as that generated by certain lightning strokes, is propagated over 
the earth, the wave shape is changed, i.e. the pulse is stretched, as the wave propagates over 
the surface. The degree of dispersion is a function of the conductivity. If the wave shape can 
be measured at two points in line with the source, one fairly close to the source, and the other 
remote, the observed change can be related to the calculated dispersion for various values 
of conductivity in an equivalent homogeneous earth. This method is only useful for the low- 
frequency range and for paths ranging from several hundred to several thousand kilometres 
in length.
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5. Use of the methods in connection with propagation problems

From a study of the methods and of the factors affecting the ground constants, it is clear 
that most of the methods do not give all the information required for propagation calculations 
and that occasionally an extensive series of measurements is involved.

For example, laboratory measurements of soil samples may give accurate and detailed 
data on the constants of soil under its natural conditions, but it is necessary that this sam­
pling should be extensive both along the path of propagation and in depth. It is also 
necessary to have an accurate knowledge of the geological structure of the path, to be able 
to use the data to assess the effective constants of the ground. This method is probably 
more suited to the investigation of the possible variations in the constants and the parameters 
on which they depend, than to the determination of the characteristics of a particular path.

The ground resistivity method takes more account of the general structure of the ground, 
but only over a relatively small area. It is simple and convenient in practice and is probably 
the most suitable in cases where only the characteristics of the ground in the immediate 
vicinity of the transmitter or receiver are required. The effective constants to various depths 
are readily obtained, but for the assessment of path attenuation, measurements at a number 
of points along the path would have to be made, the intervals between the points being 
determined by the vertical stratification of the ground.

The wave-tilt method also takes account of the general structure of the ground around 
the point of measurement and gives the effective constants of the earth corresponding to the 
frequency used. The measurements will be in error near regions of large gradient of conduc­
tivity or in the vicinity of surface or buried objects of high conductivity. Measurements 
should not be made too close to the transmitting antenna, the minimum distance being 
about 10 wavelengths at low and medium frequencies, or one that is large compared with the 
antenna dimensions at high frequencies. The method becomes rather inaccurate at fre­
quencies below 100 kHz because of the small angles of tilt which occur. In view of the 
dependence of the tilt on height above the surface, the usefulness of this method is restricted 
to frequencies below about 40 MHz (Doc. V/l (Federal Republic of Germany), Geneva, 
1962). It may be used for determining path attenuation if a series of measurements is made 
along the path (Doc. V/21 (P.R. of Poland), Geneva, 1962). See also Report 236-1).

The ground-wave attenuation method is one of the most comprehensive, since it takes all 
factors into account. As with the method discussed in the preceding paragraph, the varia­
tions of earth constants along a path may be deduced if a series of measurements is made 
along the path. However, the results are probably not so accurate as those given by the 
ground resistivity or wave-tilt methods. Moreover, the results will apply only to the parti­
cular path used, or to one very similar. The method is not suitable for detailed measurements 
of earth constants over given small areas.

The phase-change method also takes all factors into account and, in addition, seems to 
be capable of giving more detailed information on inhomogeneous paths than can be ob­
tained by the attenuation method. It has, however, the disadvantage of requiring an 
auxiliary VHF or UHF link to provide a reference for phase at the receiver.

Caution must be exercised in the last three methods to ensure that the measured field 
is not influenced by ionospheric waves, and that tall vegetation does not influence the results 
unduly, unless, of course, this is the effect it is desired to study.

The reflection-coefficient method provides data which are applicable to only a small area 
of ground around the point of measurement, and, since it can be used only at very high fre­
quencies, the depth of ground involved is also very small.
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The dispersion method is well adapted for relatively long paths and low frequencies, 
and it therefore finds its principal application in connection with low-frequency navigation 
systems, such as Loran-C. The method has the advantage that no transmitter need be pro­
vided, but it also suffers the disadvantage that data can be accumulated only very slowly, 
because of the random and infrequent occurrence of suitable lightning strokes. It can be 
used at all distances, because the pulse method allows separation of the ground-wave from 
the ionospheric-wave. It requires more complicated equipment and involves more mathe­
matical complexity than other methods. Further development of this method seems to be 
required to overcome some of the difficulties mentioned.

T a b l e  II

Depth of penetration of waves into the ground

Frequency

Depth 8(m)

a =  4 mho/m 
e =  80

a =  10-2 mho/m 
e =  10

a =  10-3 mho/m 
s =  5

10 kHz 2-5 50 150
100 kHz 0-80 15 50

3 MHz 014 5 17
10 MHz 008 2 9
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R EPO RT 230 *

GROUND-W AVE PRO PA G A TIO N  OVER IN H O M O G EN EO U S EARTH

(Question 1/V)

(1956 -  1959 -  1963)

Steady progress has been made under Study Programme 135**.
The progress made since the VIHth Plenary Assembly has been equally marked and suggests 

further modifications to the Study Programme. This progress has been especially in the direction 
of generalizing the conditions under which it is possible to handle the rigorous mathematical 
analysis and to reduce it to a form of practical use to the engineer.

Because of the great complexity of the problem, various idealizations have been introduced 
in the theoretical analysis, for instance that the transmission path consists of well-defined homoge­
neous sections or that any stratification of the ground is parallel to the surface of the earth which

* This Report, which replaces Report 141, was adopted unanimously.
** Study Programme 135 has been replaced by Question 1/V.
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is assumed to be smooth. Study is now being directed to the extension of the analysis to general 
cases more usually found in practical conditions. Some progress is being made in the treatment 
of the case where two sections of a path are separated by a region of transition, and of the case 
where a change in the constants of the earth is associated with a change in the elevation of the 
surface.

Even in the analysis of idealized cases, certain mathematical approximations have to be made, 
but these are in general admissible except possibly in considering the field in the vicinity of a 
marked inhomogeneity. In this connection, an interesting investigation by Wait [A. 12] of the 
field in the vicinity of the boundary between two sections of a path may be mentioned, where a 
more accurate analytical procedure has been adopted.

In so doing, he has assumed that the surface impedances of the two sections are constant right 
up to the boundary; but although he has pointed out that this assumption is not justified at distances 
small enough to be comparable with the skin depth in the soil, this is not a severe restriction since 
the skin depth is usually much less than a free-space wavelength.

Godzinski [F.13] has extended this analysis to the case where two homogeneous sections are 
separated by a transition region in which the surface impedance changes linearly and has deter­
mined the complex attenuation function at all points near the boundaries. His results show that 
the details of the transition region are not important provided that the width of this region is small 
compared with the wavelength. However, his analysis is formally incomplete, in that it implies 
at discontinuity of the derivative of the surface impedance at the beginning and at the end of the 
transition region.

The assumption of a constant or linearly varying surface impedance, over a finite horizontal 
area of the earth’s surface, is really equivalent of the introduction of virtual line sources parallel 
to the boundaries, since, if the tangential magnetic field is continuous across a boundary, the tan­
gential electric field (which is perpendicular to the boundary) must be discontinuous. This is equi­
valent to locating a magnetic line source along the boundary.

Fortunately, these virtual sources at the boundaries of separation are not of practical signifi­
cance except for an observer very near to a well-defined boundary, such as a coastline. This conclu­
sion is also substantiated by recent model experiments carried out at the University of Colorado.

The problem of providing the engineer with graphical presentations, enabling him to solve 
certain cases of propagation over well-defined sections, or which allow him to make approximate 
computation of coastal refraction, has been considered in the following papers:

— by F e i n b e r g , E. L. [C.l], where graphs are given referring to coastal refraction for 
wavelengths of 300 and 600 metres;

— by W a i t , J. R. [A. 10] and W a i t , J. R. and H o u s e h o l d e r , J. [A. 11], where attenuation 
and phase data are presented in graphical form for two-section plane and spherical paths 
with various values of the conductivities;

— by F u r u t s u , K. [A.6, 7; E.l], where graphical representations are given of the attenua­
tion function for two-section plane paths, for certain three-section plane paths, and for 
many-section spherical paths consisting of a number of very long homogeneous sections;

— by G o d z i n s k i , Z. [A. 13], where curves are given which enable simple calculations to be 
made of attenuation and phase for two- and three-section plane paths and for many-section 
spherical paths, especially when the sections are alternately short and long;

— by W a i t , J. R. [A. 1 8 ], where the amplitude and phase factors for two-section paths over 
both flat and spherical earth and for low and medium frequencies (Bands 4, 5 and 6), are 
shown by tables or graphs.

In these papers the boundaries between the sections have been assumed sharp, whereas in prac­
tice, they may be more or less gradual. However, the results of an investigation of the influence of 
a transition zone between sections have shown that in some special cases, at least at larger distances 
from the boundary, it is admissible to assume that the boundary is sharp instead of gradual 
[C.l, A. 16, F.13].

/
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With regard to the analysis of the refraction caused by path inhomogeneities, it appears that 
it may be extended in the future to discuss the possibility of changes in wave polarization in the 
vicinity of inhomogeneities and its influence on errors in radio direction-finding [A.9]. On the 
other hand, the work carried out in the United Kingdom [A. 17] suggests that, in most practical 
cases, large random errors are predominant and that it is impracticable to use experimental mea­
surements to check the theoretical estimates of ground-wave deviation at a coastline. It is similarly 
difficult to check the theory of wave propagation parallel to a boundary by field-strength measure­
ments along a coastline.

The discussion of the effect of horizontal stratification of the ground [B.l, B.4, B.5, B.6, B.7 
and A.18J, has shown that it is possible to introduce effective earth constants,which determine both 
the attenuation of the wave and the shape of its ellipse of polarization. When the inhomogeneity 
of the ground is of a more complicated nature, the connection between the effective earth constants 
and the shape of the polarization ellipse is much more complicated, which is a factor of impor­
tance in the measurements of the electrical parameters of the ground.

The changes of the electrical constants of the ground have an influence on the amplitude, 
phase, polarization ellipse and the height-gain factor relative to the ground-wave. None of these 
characteristics depend, however, in a simple manner on the local values of the earth constants. 
This problem is important in connection with the possibility of geological prospecting by radio 
methods and it is due for fuller investigation in the future.

It may be noted that, in an increasing number of theoretical investigations using approximate 
boundary conditions, use is being made of the concept of surface impedance. It is thought that 
this trend may be useful to practical engineers who are familiar with this concept in other fields. 
There exists, in fact, a close analogy between inhomogeneous transmission lines and horizontally 
stratified ground which may prove helpful when calculating effective earth constants [B.4, B.5, 
B.6, B.7, B.10, A.18 and A.19].

Because of the laboriousness of the theoretical methods, the most widely accepted of the 
semi-empirical methods [F.3, F.4, F.5 and F.6], namely Millington’s method and the equivalent 
numerical distance method (equivalent conductivity method) [F.l, F.2], have been compared with 
theory [F.8]. Millington’s method has been found to give good agreement with theory and it is 
believed that it may be used for most practical purposes [F.14]. The agreement is closer for am­
plitude than for phase, but even with phase changes, it gives results that are within the limits of 
practical measurements, bearing in mind the difficulties mentioned above.

The methods of equivalent numerical distance or equivalent conductivity have the advantages 
of simplicity where many computations have to be made, but they can sometimes give rise to large 
errors. It is therefore necesary when using this method to take great care to remain within the 
domain of its limited application, making, if need be, controlled checks by other methods at a 
number of points within the range in which it is wished to apply it.

In the past it has been assumed that the ground, though inhomogeneous, is smooth, either 
plane or spherical. It is now being recognized that the fact that the ground may also be irregular 
may affect the study of the inhomogeneities. The analysis of such a general problem is, however, 
extremely difficult [C.l to C.7]. Great value may, therefore, be attributed to the investigations 
of Furutsu [C.2, C.3 and C.8] who, in addition to showing the close analogy between the analysis 
for propagation over inhomogeneous earth and over a surface with small undulations, has succeeded 
in combining both aspects of ground-wave propagation in the same analysis. He has given for­
mulae and curves for some special cases which may be of great practical value and has opened the 
way to a more general study including at the same time both surface irregularities and inhomo­
geneities of the ground.

For propagation over relatively long over-land paths at low frequencies, as in certain pulse 
navigation systems, it becomes very difficult to determine the attenuation and phase functions 
analytically and horizontally, especially in view of the lack of detailed knowledge regarding this 
distribution. It has been proposed [D.7], that the equivalent conductivity of the inhomogeneous 
earth over the path can be determined by measuring the dispersion of suitable sferic pulses at 
two distances from the source and comparing this dispersion with that calculated for a homo­
geneous spherical earth for several values of conductivity. The argument is made that the

\
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predictability of the electrical path length over land can be improved to such an extent that it is 
virtually as good as that for a sea path if the equivalent conductivity for the land path can be 
determined to an accuracy of one or two significant figures. The characteristics of both homo­
geneous and inhomogeneous earth for pulse transmission have received considerable theoretical 
attention (section D of Bibliography), but more comparison with experimental results is required.
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REPORT 231-1 * 

REFERENCE ATMOSPHERES

(Question 2/V)

(1959-1963)

Reference atmospheres for the calculation o f propagation characteristics.

To calculate certain propagation characteristics, it is necessary to specify the profile of the 
refractive index n of the atmosphere as a function of the height h above the surface of the earth, 
as well as the characteristics of the terrain. In the past, most field strength, phase and bending 
calculations have been made using an assumed constant gradient of refractive index with height 
and it has been established that the same field strengths are expected for this linear-profile atmos­
phere as would be obtained for an earth with no atmosphere, but with an effective radius ka, 
where a is the real radius and k  is determined by:

Recently, it has become desirable to extend the calculations of propagation characteristics 
to regions where the assumption of a constant gradient does not represent a satisfactory description 
of the atmosphere. This assumption may lead to large errors in the calculation of field strengths 
at high altitudes or in the calculation of phase at low frequencies.

It has been observed, that the variations of the mean values of the refractive index of the 
atmosphere may often be well approximated by the following exponential formula [1, 2].

n{h) =  1 +  exp (—hh) x  10~6 (2)

where N  = (n—1) x 106 and the suffix .s- refers to the values at the surface or the earth; h is the 
height above the surface expressed in kilometres, and b is determined by the relation:

exp { -b )  =  1 +  AN/Ns (3)

where AN is the difference in the A-values at a height of 1 km above the surface, and at the surface. 
Note that AN  is a negative quantity.

Some studies [2, 3, 4, 5] have shown that AN  is in general correlated with the surface value 
Ns. From this correlation, relations varying according to the climate have been deduced as follows:

AN  =  -7-32  exp (0-005577 Ns) in the U.S.A. [2] (4)

AN  =  —9-30 exp (0-004565 Ns) in the F.R. of Germany [5] (5)

AN  =  —3-95 exp (0-0072 Ns) in the United Kingdom [4] (6)

* This Report was adopted unanimously.
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The above formulae may be used for estimating AN  in the usual case where only surface 
meteorological data are available. With Ns =  289 and a =  6370 km, one obtains from formulae
(2), (3) and (4), k  =  4/3 and b = 0-136; this is the basic reference atmosphere. In temperate 
climates, the average values of Ns vary from about 310 to 320 and AN  from about —38 to —42. 
One may thus define an average atmosphere as one in which Ns = 315 and AN  =  —40, so that:

n(h) = 1  +  315 exp—(0-136/i) x 10"6 (7)

In this atmosphere, the gradient of the refractive index at the surface corresponds to a value of 
k  of 1-38. If extensive radio-sonde data are available, so that a good determination can be made 
of the average difference AN  between the values at the surface and at a height of one kilometre 
above the surface, these actual average measured values of AN  and of Ns may be used in (2) and
(3), for determining the characteristics of the atmosphere.

In summary, the above formulae provide a method for estimating profiles of mean refractive- 
index for any geographical location in the world. When average values of A N  and Ns are both 
known, these values may be substituted directly in (2) and (3) whereas, when only Ns is known, 
equation (4) may be used to determine AN. In this latter case, these procedures presume the 
validity of the above-mentioned correlation of A N  and Ns.

For calculations of transmission loss, phase and bending, it is customary to assume a horizon­
tally homogeneous atmosphere; this assumption is usually realistic when dealing with average 
propagation conditions.

Should more precise determination of n(h) be required, one may refer to the extensive tabu­
lations available in [6], where for each month of the year, world-wide charts are presented in 
terms of its dry air and water vapour components.
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REPO R T 232 *

CONSTANTS IN THE EQUATION FOR THE RADIO REFRACTIVE INDEX

(Question 2/V)

(1963)

In the Annex to Study Programme 192(V), the C.C.I.R. gives the formula for the parameter 
N  — in—l)x  10s as follows:

N =  (77-6/D(p+4810e/T), 
n — refractive index of the air,
T  =  absolute temperature (°K), 
e =  water-vapour pressure (mb), 
p =  atmospheric pressure (mb).

This formula has been used extensively by the C.C.I.R., particularly in connection with 
Report 233-1.

During the General Assemblies of the I.G.G.U. (Helsinki, 1960) and the U.R.S.I, (London, 
1960), a slightly different formula using other units was recommended. A study [1] indicates that 
the C.C.I.R. formula, with units as above, should continue to be used by the C.C.I.R. It appears 
that it might be slightly more accurate than the U.R.S.I./I.G.G.U. formula, and in any case is 
entirely adequate to meet the C.C.I.R. requirements for determining the radio refractive-index of 
the atmosphere, considering the inaccuracies of measurements of atmospheric temperature, pressure 
and water-vapour pressure.

It appears desirable that a single formula using identical and homogeneous units be adopted 
by all organizations.
Note. — This Report has been drawn to the attention of the I.G.G.U. and the U.R.S.I. by 
the Director, C.C.I.R. for their comments.
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REPORT 233-1 *

INFLUENCE OF THE NON-IONIZED ATMOSPHERE ON WAVE PROPAGATION

1. Introduction

After discussing the influence of the atmosphere on propagation and the choice of 
radio-meteorological parameters, this Report gives charts of refractive-index characteristics 
for use in practical propagation problems.

Propagation problems in which the atmosphere is involved can be classified in several 
different ways:

1.1 As a function o f the factor to be measured, e.g. a distance, an angle, or a transmission loss: 

— measurement of a distance involves direct consideration of the air index in the form

in which / is the electrical length of the path S, n is the refractive index at any point on 
this path, and ds is an increment of length along the path;

— measurement of an angle brings in the gradient of the refractive index since the curvature 
of a path one point is directly proportional to the gradient of the index at that point;

— transmission loss in propagation beyond the line-of-sight involves consideration of certain 
radio-meteorological factors, such as the gradient of the refractive index and the stability 
of atmosphere.

1.2 As a function o f the angle at which the atmosphere is traversed

If the path traverses the atmosphere at a relatively large angle of elevation, for example, 
in a link with a satellite, the atmosphere intervenes only as a corrective term in relation 
to propagation in a vacuum. This term is low for high angles of elevation and becomes 
difficult to assess accurately for small angles (which are avoided as far as possible for this 
reason). A simple model of an atmosphere is generally sufficient to evaluate this correction.

If the path remains permanently in the low layers of the atmosphere (for example, a 
radio-relay link), the atmosphere plays an overriding role, especially in the case of beyond 
the line-of-sight links (other than by diffraction), which would not be possible if the at­
mosphere did not exist. If a model of the atmosphere could be envisaged in this case, it 
would be completely different from the preceding one.

Ground-ground propagation

(Question 2/V)

(1959-1963 -1966)

of an integral:

* This Report was adopted unanimously.
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2. Correlation between propagation beyond the line-of-sight and radiometeorological parameters

Much work has been done on the quantitative study of the influence of radio-meteo­
rological phenomena on propagation, but it would be a mistake to assume that the problem 
has now been finally solved.

For many years, numerous measurements in temperate countries have taken into account 
the variation of the refractive index with height. To simplify the problem, the atmosphere 
has been represented by the difference AN  x 106 between the refractive index at a height 
of one kilometer and the index on the ground. In a number of instances, theory and practice 
agree in showing the existence of a correlation between the variations in the field observed 
and the quantity AN. This correlation has been clearly demonstrated in temperate countries 
only, when the comparison is made on the basis of monthly, or at least weekly, medians 
[1, 2, 3, 4].

By using annual mean figures, a standard radio atmosphere was introduced, correspond­
ing to an equivalent radius of the earth equal to 4/3 the real radius. Later, a basic reference 
atmosphere was formulated in which N  varies exponentially with altitude.

The concept of “ equivalent gradient ” was also introduced. This is a hypothetical 
constant gradient which, when replacing the actual gradients over a given path, produces the 
same total refraction [5].

Improvements have also been made in the correlations between the gradient (AN or 
equivalent gradient), and the characteristics of the observed field (intensity, fluctuations), 
by consideration of parameters which depend on the stability of the atmosphere, assessed 
either by the Richardson number [6], or by the work required to raise a unit mass of air 
by 1 km in the region of the base of the “ common volume ” [7]. These two quantities, 
incidentally, lead to comparable results. To represent the variations in the atmosphere, a 
parameter has been studied which comprises the sum of the gradient of the index (or 
better, of the equivalent gradient) and of a term proportional to stability [8, 9]. Although 
the results thus obtained are encouraging, there is not sufficient information to generalize 
them [10].

A function of the potential refractive index has also been studied [11]. It should be 
noted that the gradient of this potential index is related theoretically to the measurement of 
the stability of the atmosphere.

Correlation has also been observed between the vertical gradient of the refractive index 
and the value of this index at the surface of the earth [2, 12, 13, 14].

Correlation has also been remarked between observed field strength and the values 
of refractive index at the surface [15 and 16]; however, this is apparently true only when 
a good correlation has been established between the vertical gradient of the refractive index 
(e.g. AN) and the value of this index at the surface [2, 12, 13, 14]. The refractive index at 
the surface is easier to determine from the existing statistical meteorological data than is 
the gradient of the index; the latter requires radio-sonde measurements, which are usually 
performed only at specific hours each day in the meteorological observatories of the world. 
A detailed study of the correlation between field strength and the value of the refractive 
index at the surface has been carried out in the United States for distances far beyond the 
horizon. The correlation coefficients between the median values of the two quantities for 
periods of about 10 days have been found to be at least 0.75. In temperate climates, the 
month corresponding to the highest transmission loss has been found to be the same as 
that corresponding to the lowest values of Ns.

If, in these regions, the. yearly variation of the monthly mean values of Ns is small 
(less than 10 to 15 N), good correlation between the propagation loss variation and the 
monthly mean value of Ns is not necessarily to be expected.

In other climates, the available evidence of correlation is inconclusive. Some measure­
ments give good correlation [17,18]; others give poor correlation [19]. In the latter cases, the 
correlation appears to be good except at that time of the year when Ns is larger than approxi­
mately 350. Caution should be used in applying this value as a world-wide criterion, however. 
The limited amount of field-strength data available for the southern United States in summer, 
when Ns is larger than 350, shows correlation with Ns at about the same level as in the winter
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months. In one such study [21], where regressions were run on the annual cycles of monthly 
mean Ns and monthly median field strength, the mean correlation coefficient for 9 paths, 
where Ns averages about 360 to 370 during the summer was 0-70, and the other 11 paths, 
with Ns generally much less than 350, showed a mean correlation of 0-69. It would appear 
that the cause of the breakdown in correlation noted in other areas of the world is too com­
plex to be represented by such a simple parameter as Ns, and probably lies in vertical air- 
mass characteristics (e.g. subsidence).

It has been found that Ns is often useful for predicting regional, seasonal and diurnal 
variations in transmission loss, but it is of limited value for predicting them in tropical and 
equatorial regions.

It is, therefore, considered necessary that further studies should be undertaken in 
regions of the world with diverse climates.

The variations of the index-of refraction are important, not only in consideration of 
variation in the field strength or transmission loss, but also in consideration of the refraction 
of radio waves passing through the troposphere [18, 20]. Studies carried out in the United 
States indicate a good correlation between the variations in the bending and the variations 
in the vertical gradient or the values of refractive index at the surface [20]. The value of 
refractive index at the surface in general gives good correlation with the refraction for angles 
of elevation of 1° or more, but for angles of elevation less than V20 the vertical gradient must 
be taken into account. Further studies are necessary for very small angles of elevation 
(under 1°), since it is not clear that a meaningful correction can be made in this case under 
all climatic conditions.

In addition to the mean value of AN, it may be useful to know the gradient distribution 
law in the vicinity of the ground.

A knowledge of these variations is important for determining the likelihood of inter­
ference between stations and the atmospheric ducts which might disturb line-of-sight links.

It does not seem feasible to prepare world-wide charts of the equivalent gradient 
or of the stability parameters referred to above, but world-wide charts have been prepared, 
both for the vertical gradient and for the refractive index at the surface, for each season 
of the year. These charts are intended for radio engineers. It is a matter of urgency that 
systematic studies should be pursued, in conformity with Question 2/V, on a world-wide scale, 
of the correlation between all the parameters indicated above, and the variations in radio 
propagation.

By way of information, it may be mentioned that, if A A is equal to the variation of 
the monthly median propagation loss in dB, A(AQ the variation in the monthly mean of 
Ns in A-units, A(AA) the variation of the monthly median AN  in A-units, oq and a2 
coefficients of proportionality in corresponding units, the following can often be written:

A A =  oqA(As) and A A =  a2 A(AA)

It has been found experimentally that:

oq =  0-2 in the United States and Japan,
=  0-6 in France and the Federal Republic of Germany.

Doc. V/45 (U.S.S.R.), Geneva, 1965, shows that oq varies with distance:

a2 =  0-5 in the United States and Japan,
=  0-9 in France, but in some years no proportionality was 

observed between A A and A(AA),

oc2 has not been measured in the Federal Republic of Germany 
and the U.S.S.R.

The validity of these proportionalities has not been established in the United Kingdom.
Values of oq and a2 are not available for other countries.
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3. Charts of refractive index at the surface

Hereafter, the quantity A  defined by A  =  (n—l) x l 0 6 will be studied, where « is the 
refractive index of the air. A  will be considered here in terms of monthly mean values.

It is well known that A  decreases systematically with altitude. To avoid confusion 
between the variations of A  due to the altitude, h, of an observatory and those due to clima­
tology, it is interesting to study the possibility of calculating the corresponding value of A  
reduced to sea level.

Each value of A  measured at the surface of the ground can then be corrected by a 
factor greater than unity, to obtain the value of A at sea level, N0.

The purpose of this procedure is to reduce the difficulty of mapping Ns, and since 
there can be no “ correct ” value of N0, a certain amount of arbitrary choice may be made 
in the process to be used. However, for A0 to be perfectly representative, at a given location, 
it is necessary and sufficient that the exponential law for N(h) should be applicable. A 
single exponential function, with a fixed constant for calculating Ac, is used.

The monthly mean value of N(h) has also been studied. There are theoretical and 
experimental reasons for believing that N(h) is systematically exponential in high-latitude 
regions. However, the inhomogeneity of data for certain inter-tropical regions indicates 
that it is doubtful whether the exponential, or any other elementary function, will prove 
applicable in these particular areas [14].

Figs. 1 and 2 show isopleths of the mean value of A0 for February and August respec­
tively and Fig. 3 shows the area where N0 > 350 (annual mean value).

Note. — In view of the scale of the charts, the number of measurement points, and the 
methods of calculation, the uncertainty in the Ns values which can be obtained is of the 
order of a few A-units in temperate regions to perhaps 10 in intertropical areas. The Admi­
nistration of the United States has done more detailed work for its territory [22],

4. Charts of AN
Here, the altitude of the observing station seems to be relatively unimportant, provided 

the relief is not too irregular. Hence, A A has been calculated from the formula:

AN  =  Ns — Ax

in which Ns is the value of A  at the surface, and A, is the value of A  at 1 km above the surface. 
Due to the opening of a great number of new stations in areas formerly having very sparse 
coverage (primarily during and since the I.G.Y.), it is now possible to prepare world-wide 
charts of AN.

5. Preparation of the charts of AN
Averaged upper-air weather data are published monthly in the W.M.O.-sponsored 

“ Monthly climatic data for the world ” . Five years of record were selected for 269 stations 
throughout the world, and the mean monthly values of A N  were calculated for these by 
interpolation from the 850 mb data and surface data (in some cases the 700 mb data had 
to be used, and for U.S.A. stations the 900 mb level was often available). The five year 
mean values were then calculated for each of the 12 months; the charts prepared from these 
data appear in Figs. 4-7. Most of the values plotted in the charts were obtained from 
observations at 0000 UT (in some cases they are averages of two or more observations per 
day).

Caution should be exercised in attempting to use these charts in mountainous areas.
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6. Charts of N-gradient near the surface
It is not yet possible to distribute such charts.
An example of world variations in these gradient distribution laws in the first 100 metres 

is given in Fig. 8. Although there are not yet enough of these data, preliminary world maps 
of this gradient exceeded during 10% and 2% of the time have been published [23] and 
this information is given to radio engineers for information.

Additional caution should be exercised in applying these data to a particular month 
in a given year, since year-to-year variations in Ns and AN, for a given month, may equal 
or exceed the annual variation of monthly mean values.
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IN FLU EN CE O F TH E N O N -IO N IZED  REGIONS 

O F T H E A TM O SPH ER E O N  T H E PROPAGATION O F WAVES 

Earth-space propagation

(Question 2/V, Study Program m e 5C/V)

(1963 -  1966)

1. Introduction

In propagation through the non-ionized regions of the atmosphere, spatial variations 
of refractive index can cause refraction and scattering of radio waves. In addition, atmospheric 
gases and precipitation give rise to absorption which may be significant at frequencies above 
about 1 GHz. This Report summarizes the main features of atmospheric absorption and 
refraction, with special reference to earth-space communications.

REPORT 234-1 *

2. Refraction

Published information concerning the ray-bending of electromagnetic waves as they 
pass through the atmosphere is not extensive. Measurements using radar techniques have 
been described [1, 2]. Measurements using a radiometer to observe the apparent position 
of the sun are also described [3] and observations of the variability of refraction have been 
made using phase techniques [4].

Analytical studies of refraction, considering measurements made by the Weather 
Bureau of the variations of refractive index with altitude [5], have been made and these have 
been studied as a function of the surface values of the refractive index Ns. In [6] and [7], it 
has been shown that Ns is a good parameter to use for predicting refraction through the 
atmosphere. There has, however, been some doubt expressed as to the applicability of Ns 
to equatorial regions [8]. The equivalent gradient may also be employed to determine 
bending but the computation of this parameter is difficult, because a knowledge of the 
variation of refractive index with altitude is required.

It is observed that a large part of the curvature of a radio ray takes place in the most 
dense and variable part of the atmosphere closest to the surface of the earth. In the case 
of earth-space propagation, errors in the apparent elevation angle of a satellite due to 
refraction rapidly decrease as the satellite moves from the horizon to the zenith. As an 
example, assuming a very large value of Ns (Ns =  450, see Report 231-1) in the above 
models, the elevation angle correction decreases from 32 to 5 milliradians when the 
elevation angle increases from 0 to 52 milliradians (0 to 3°) [26]. If such a path goes 
through the atmosphere at altitudes which are always greater than several kilometres as 
when the earth terminal is at a high altitude, it avoids the dense variable regions of the 
atmosphere, the total curvature is less and the atmospheric models mentioned above are 
always usable.

To obtain adequate precision in the calculation of the angle of elevation required, 
corrections are necessary to allow for the departure from rectilinear propagation. For an 
error of no more than 10~4 radians, for 99-5 % of the time, at all angles of elevation less than

This Report was adopted unanimously.
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10°, it is necessary to take into account the actual variation of refractive index with height ; 
between 10° and 50° elevation a correction computed from a model given in Report 231-1 
is adequate; no correction is required for angles of elevation above 50°.

The required accuracy for pointing an antenna is greater, the smaller the antenna beam- 
width. The atmospheric models mentioned above are at times insufficient to determine the 
direction of antenna pointing; and, under these conditions, the measured values of the 
refractive index as a function of altitude must be used.

Moreover, the index of refraction has small and rapid variations which are one of the 
aspects of turbulence. Phase surface distortion due to turbulence-induced refractive index 
variations has been studied over line-of-sight paths [4]. The design of most radio tracking 
systems is based on the assumption of a uniform wave front or phase surface, and random 
phase variations in time and space limit the accuracy that can be achieved with such systems. 
This turbulence also affects the stability of frequencies transmitted through the atmosphere 
(Report 271-1). For space-space or earth-space paths at high angles of elevation, rapid 
variation in the refractive index is generally insignificant.

3. Absorption

3.1 Oxygen, water vapour, rain and clouds are known to absorb radio waves at frequencies 
above 100 MHz [9 to 30].

Water vapour absorption has a resonant peak at the frequency 22.23 GHz, and oxygen 
absorption has peaks at 60 GHz and 120 GHz. Fig. 1, derived from an appraisal of the 
above work, shows the absorption y00 and ywo in dB/km for both oxygen and water vapour, 
as determined for standard conditions of temperature and pressure and for a surface value 
of absolute humidity equal to 10 gm/m3 (approximately equal to 7.6 gm/kg). For the range 
of absolute humidity likely to occur in the atmosphere, the absorption in dB/km is approxi­
mately proportional to the quantity of water vapour. The total gaseous absorption A a, 
over a line-of-sight path may be given by:

where reo and rew are effective distances of the path through the atmosphere. The effective 
distance for oxygen absorption, reo, is approximately the distance a radio wave travels 
through an atmosphere of constant density, as given in Fig. 1, extending upward from 
the ground to a height of 4 km with a vacuum above. The effective distance for water 
vapour absorption, rwe, is approximately equal to the corresponding distance through the 
reference atmosphere which is 2 km thick.

3.2 The attenuation of radio waves, caused by suspended water droplets and rain, usually exceeds 
the combined absorption due to oxygen and water vapour and becomes increasingly serious 
at frequencies above 3 GHz. The attenuation is due, both to absorption of energy in the 
droplets and to scattering of energy out of the beam of the antenna.

In practice, it has been found convenient to express the attenuation due to rain as a 
function of the precipitation rate, Rr, which depends on both the liquid water content and 
the velocity of fall of the drops. This velocity depends on the size of the drops. There is 
little evidence that rain with a known rate of fall has a unique distribution of drop-size, 
and the problem of estimating the attenuation of radio waves caused by the various forms 
of precipitation is quite difficult.

The total absorption, Ar, due to rainfall over a path length rQ, can be estimated by 
integrating the differential rain absorption, yr(r) dr, along the direct path between the two 
mutually visible antennae, or along horizon rays, for trans-horizon propagation:

A a y ooreo “1“ y ivô ew(dB)

o
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Having fitted empirically an arbitrary mathematical function to the theoretical results 
given by [14, 23, 28], the rate of absorption by rain yr, may be espressed in terms of the 
rainfall rate, Rr in mm/hr as:

yr = K  R“(dB/km).

The frequency dependence of K  and a is included in the yr/frequency curves of Fig. 2. 
Fig. 2 should be used with caution in view of the tendency at some frequencies of measured 
attenuations to exceed the maximum possible theoretical attenuation [28]. Additional 
difficulty in the use of Fig. 2 arises from the non-uniformity of rainfall rate over an actual 
transmission path. It has been suggested that further studies of the spatial correlation of 
rainfall rates may yield a general form of this correlation useful in specifying the reduction 
in rainfall attenuation over an actual path relative to one with uniform precipitation [27].

3.3 For clouds consisting entirely of small droplets or ice particles (diameters less than 0-001 cm) 
and fogs, it is possible to express the attenuation in terms of the total quantity of the liquid 
water per unit volume. Thus, the absorption within such a cloud or fog can be written a s :

Ac = Ki M(dB)

where Ac is the total absorption attenuation within the cloud, Ki is an attenuation coefficient, 
values of which are given in Table I, and M  is the liquid water content of the cloud in gm/m3. 
This Table indicates the manner in which the attenuation varies with both frequency and 
temperature and also shows the effects of the differing dielectric properties of ice and water.

T a b l e  I

One-way attenuation coefficient, Ki, 
in clouds in dBlkmlgmjm3 

(rounded to two significant figures)

Temperature (°C)

Frequency (GHz)

33 24 17 9-4

Water cloud 20 0-65 0-31 0-13 0-048
10 0-68 0-41 0-18 0-063
0 0-99 0-53 0-27 0-086

-  8 1-2 0-68 0-34 011
(extrapolated) (extrapolated)

Ice cloud 0 8-7 XlO-3 6-3 XlO-3 4-4 XlO-3 2-5 XlO-3
-1 0 2-9 x lO -3 2-1 XlO-3 1-5 XlO-3 8-2 X lO-4
-2 0 2-0 XlO-3 1-4 X 10-3 1-Ox 10-3 5-6 X 10-4

3.4 The attenuation caused by snow increases with frequency and may be important at frequen­
cies above 1 GHz, sometimes exceeding the attenuation produced by rain of equivalent 
rainfall rate.

4. Sky-noise temperature

The non-ionized region of the atmosphere is a source of noise radiation [15, 25]. Fig. 3 
shows the sky-noise temperature due to oxygen and water vapour for various angles of 
elevation and for frequencies between 1 and 100 GHz. In estimating antenna temperatures, 
the antenna pattern and radiation from the surface of the earth must also be considered [24].
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F ig u r e  1

Surface values y00 and ywo of absorption by oxygen and water vapour
Pressure. 760 mm Hg; Temperature: 20° C 

Water vapour: 10 g/m3 =  7-6 gm/kg
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Frequency (GHz)

F ig u r e  2  

Variation of yr with frequency

(mm / h)
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F ig u r e  3

Sky-noise temperature due to absorption by oxygen and water vapour 
(The angle of elevation above the horizon is indicated on each curve)

Surface pressure: 760 mm Hg Surface temperature: 20° C
Water vapour density: 10 g/m3

Water vapour  Oxygen
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EFFECTS O F T R O PO SPH ER IC  REFRACTION AT 

FREQ U EN CIES BELOW  10 M H z

(Question 3/V)

(1956 -  1963)

In the ground-wave propagation curves in Recommendation 368, as is explained in its Annex, 
no account is taken of tropospheric refraction, whereas in the C.C.I.R. Atlases of ground-wave 
propagation curves for frequencies above 30 MHz [1, 2], the effect of a linear decrease of refrac­
tive index with height has been allowed for by the use of an equivalent radius of the earth equal to 
4/3 times the real radius. Even at these higher frequencies, it is important to remember that the 
refractive index of the troposphere does not decrease linearly with height, but eventually approaches 
the value of unity for free space. Thus, although it is justifiable to assume a 4/3 earth radius as 
far as the rate of attenuation with distance is concerned, with increasing height the curves over­
estimate the field strength, and instructions are given in the second Atlas for finding the correction 
factor for a given profile of refractive index, in particular for an exponential law of the type assumed 
for the basic reference atmosphere in Recommendation 369-1.

At frequencies below 10 MHz, the height-gain effects become small at moderate heights and 
it was partly for this reason that the ground-wave propagation curves have been made to refer 
only to the case in which both terminals are on the ground. On the other hand, below about 
3 MHz, the range of height entering into the determination of the rate of attenuation of field 
strength with distance around the earth has extended to the region where the refractive index of 
the troposphere begins to depart seriously from the value corresponding to a linear decrease with 
height appropriate to the use of a 4/3 earth’s radius. Thus the rate of attenuation of field strength 
with distance around the earth no longer corresponds to the use of an atmosphere in which the 
refractive index decreases linearly to indefinitely great heights.

While at the upper limit of 10 MHz for the ground-wave propagation curves in Recommen­
dation 368, it is still nearly correct to use an equivalent radius of 4/3 times the real radius of the 
earth for both terminals on the ground, the troposphere can have very little effect at the lower 
limit of 10 kHz, where the range of height entering into the determination of the rate of attenuation 
of field strength with distance around the earth extends to many kilometres above the earth.

There is thus a transition that becomes marked at about 3 MHz and almost complete at 10 kHz, 
from the use of a 4/3 earth’s radius at 10 MHz to the use of the real radius of the earth at 10 kHz. 
It has long been realized that this transition must occur, as is shown by the existence of the appro­
priate Question 3/V.

Progress in this study has, however, been slow for two reasons: first because of the difficulty 
of handling the mathematical analysis when the relevant eigen-value equation contains a law of 
variation of refractive index such as the exponential form proposed, and secondly, because with 
decreasing frequency, the ionosphere becomes a dominant factor in propagation to great distances, 
as is pointed out in § 6 of the Annex.

It has been suggested that the degree to which tropospheric refraction modifies ground-wave 
propagation at frequencies below 10 MHz can be investigated experimentally. Such results as

* This Report, which replaces Report 45, was adopted unanimously.
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have been obtained in this way have in general been inconclusive. It is difficult over a land path 
to be certain that any effects observed are due to the troposphere and not to inhomogeneities of the 
earth constants, or because the conductivity is actually greater than the value assumed in using the 
curves for comparison with the measured results.

Even over a sea path, where the conductivity is well defined, the ionosphere can produce an 
appreciable effect at mid-day at distances where the troposphere may be expected to produce a 
marked increase in signal, though there is some evidence of significant tropospheric refraction 
at frequencies as low as 1500 kHz at distances of 200 km or more (see Doc. 176 (France), Warsaw, 
1956).

The conclusion had been reached that there was not much likelihood that the curves could be 
materially improved on the basis of such experiments. It also appeared that the whole subject 
was somewhat academic in view of the limited use of such ground-wave propagation curves when 
the effect of the ionosphere is taken into account, as indicated in § 6 of the Annex.

However, with the advances that have been made at low frequencies in the use of pulse tech­
niques and high radiated powers with the consequent development of new navigational aids, the 
whole emphasis of the study has been revised. The possibility envisaged, in § 6 of the Annex, of 
isolating the ground-wave has become of major importance and for this reason the use of pulse 
techniques has been introduced prominently into the revised form of the study given in Question 
3/V.

It now appears that further experiments, at least over long sea paths, using pulse techniques 
may well help to resolve the nature of tropospheric refraction at frequencies below 10 MHz. Such 
experiments are in fact in progress, but no detailed results are as yet available. It may be pointed 
out that, in comparing the results with the values given by the curves, the important feature is not 
the absolute value of the field strength at a given distance, which will depend upon such factors as 
the estimated radiated power, but the law of attenuation with distance.

At sufficiently great distances where the first term of the residue series in the diffraction for­
mula is predominant, the decrease of field strength with distance will be effectively exponential, 
giving an attenuation which may be expressed in dB/km. It is this rate of attenuation, which is 
given primarily by the solution of the eigen-value equation in the mathematical statement of the 
problem, and which forms the simplest measure of the effect of tropospheric refraction on ground- 
wave propagation. The secondary problem of computing the absolute values of field strength can 
be handled when the fundamental eigen-value equation has been solved.

The mathematical analysis is intimately concerned with the study of the height-gain function 
from which the eigen-value equation is derived. In § 5 of the Annex, the importance of height- 
gain effects is stressed, in connection with high-flying aircraft using navigational aids depending on 
ground-wave propagation by the use of pulse techniques.

Even assuming that the mathematical analysis of the problem had been completed, the inclu­
sion of height-gain effects in the curves would be a formidable task. It would involve the produc­
tion of an Atlas large in size compared with the existing Atlases [1, 2] and this is a sufficient reason 
for not including such height-gain effects at the present time.

Nevertheless, the mathematical technique for computing height-gain values is well advanced, 
even for refractive index profiles such as the experimental one [3, etc.], and when the problem of 
solving the basic eigen-value equation in its generalized form has been completed, the production 
of height-gain curves for frequencies below 10 MHz can be carried out with the aid of modern 
computing methods.

Some work that shows promise is in hand on the solution of the eigen-value equation. It 
confirms, for instance, that the effect of the troposphere is still marked on a frequency of 1500 kHz 
as the limited experimental evidence suggests. However, it is too early to anticipate the full results 
of this analysis.
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R EPO R T 236-1 *

INFLUENCE O F IRREGULAR TERRAIN ON TR O PO SPH ER IC  PROPAGATION

(Study Program m e 6A/V)

(1951 -  1953 -  1956 -  1959 -  1963 -  1966)

1. Introduction

The object of this Report is to describe in general terms how terrain characteristics affect 
the propagation of tropospheric radio waves between arbitrary antenna locations over 
irregular terrain.

1.1 Electrical characteristics o f the surface o f the earth

Propagation over sea or over a smooth or uniformly rough land depends in principle 
on the electrical constants of the surface of the earth (see Report 229). At sufficiently low 
frequencies the effect of the conductivity is dominant, while at sufficiently high frequencies 
it is similarly the permittivity that is dominant. For oversea transmission (s =  80, c =  
4 mho/m) the transition occurs between 300 MHz and 3 GHz, while for transmission over 
“ poor ” ground (s — 5, c? =  10-3 mho/m) and “ good” ground (e =  10, a =  10~2 mho/m), 
the transition ranges are from 1 MHz to 10 MHz and from 5 MHz to 50 MHz respectively.

1.2 Interaction between the terrain and the troposphere

Reports 231-1, 233-1, 234-1, 235,237-1, 238, 243,244-1 and 285-1 discuss the influence 
of the troposphere. Many effects of terrain and the troposphere are closely interrelated, 
but it is convenient to separate them as much as possible. It is observed that an increase in

* This Report was adopted unanimously.
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atmospheric refraction increases long-distance diffraction or forward-scatter fields but may 
lead to multipath fading over shorter paths. Increased turbulence of the atmosphere may 
result in either an increase or a decrease of radio transmission loss, depending on the 
geometry of a particular path and the dominance of various propagation mechanisms 
associated with stratification of the refractive-index structure.

1.3 Comparison between idealizations and terrain factors

Just beyond the radio horizon of a transmitting antenna, the observed radio fields 
result from diffraction over ridges, hills, or the bulge of the earth. At one extreme is the case 
of diffraction over obstacles so high and so isolated that knife-edge diffraction theory gives 
theoretical results that agree fairly well with observations, as discussed in § 2 of this Report. 
Field strengths may be near free-space values, showing a low rate of attenuation with dis­
tance, d, or angular distance 0, corresponding to the 20 log 0 +  10 log d law given in Fig. 4 
of Report 244-1. At the other extreme is diffraction over a smooth spherical earth. This 
condition results in low field strengths which are soon exceeded, as one progresses beyond 
the horizon of a transmitting antenna, by radio-fields produced by reflection from elevated 
layers or by forward-scatter radio waves.

Theoretical methods have been developed to handle certain idealizations of terrain 
features, such as bluffs, cliffs, and knife-edge obstacles in a transmission path [1], [3], [4].

But in most cases of propagation over land, it has been found extremely difficult to 
take into account the roughness and irregularities of terrain features and environmental 
clutter such as vegetation, buildings, bridges and electric power lines, except in terms of 
an empirically determined “ terrain factor ” . Such factors, derived as a function of para­
meters relating the radio wavelength and path geometry to statistical descriptions of terrain, 
are discussed in Report 239-1, which is devoted to descriptive propagation statistics appli­
cable to broadcasting and mobile services.

1.4 Point-to-point prediction and prediction o f path-to-path variability

The most important parameters for distinguishing between great circle path terrain 
profiles for trans-horizon paths of a given length is usually the angular distance, 0. This 
is defined as the angle between radio horizon rays in the plane of the great circle containing 
the antennae, and is the minimum angle of diffraction or angle of scattering unless antenna 
beams are elevated.

This angle, with effective antenna heights and other parameters mentioned in this 
Report, is useful for predicting median transmission loss values for point-to-point radio­
relay links. The inevitable path-to-path variability of transmission loss among all paths 
corresponding to a given set of values of frequency, distance, angular distance, and effective 
antenna heights, is accepted as part of the error of prediction.

Most broadcasting and mobile service applications, on the other hand, correspond to 
a given set of values of frequency, distance, antenna heights, and parameters describing 
the terrain and climate. The path-to-path variability corresponding to this set of conditions 
is part of the prediction instead of being part of the error of prediction.

1.5 Time availability o f service

It is convenient for most point-to-point applications to predict simply the cumulative 
distribution in time of received power from wanted and unwanted signal sources, with 
expected values of cross-correlation [2]. Since wanted and unwanted signal power will usually
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change diurnally and seasonally in the same direction, the cumulative distribution in time 
of the wanted-to-unwanted signal ratio will extend over a somewhat smaller range than 
if this positive correlation did not exist.

An interference-free point-to-point service may be considered to exist, when the ratio 
of the available wanted-to-unwanted powers exceeds a predetermined value for a specified 
percentage of time.

2. Diffraction over isolated obstacles

Some paths can be treated as passing over a succession of crests, which may be replaced 
by knife-edges or cylinders, according to the sharpness of the crests. The case of a single 
knife-edge may be solved in terms of Fresnel integrals. The case of several knife-edges may be 
expressed by multiple integrals of the Fresnel-type, and with two knife-edges the integration 
can be carried out [1]. The integrals are more difficult to manage in complex cases, and an 
approximate method [5, 6] is available for any number of successive knife-edges.

Theoretical studies have been made of the ground effects on diffraction by a knife- 
edge, an escarpment, and a cliff at a coast-line [7]. For a cliff at the coast, the rate of change 
of the relative phase with distance from the coast-line becomes larger as the height of the 
cliff increases and is sometimes much more than that without a cliff.

On long paths, tropospheric-scatter may occur well above a mountain ridge, and the 
scattered and diffracted waves must be combined. With transmitting and receiving antennae 
elevated above the surrounding terrain, there can be waves reflected both before and after 
diffraction [8]. When a wave passes close to the ground, there can arise an additional trans­
mission loss due to finite ground conductivity [3].

Mountain ridges can effectively reduce both the transmission loss and the fading below 
the values to be expected in the absence of the obstacle. This occurs when the direct path 
is non-optical, but both transmitter and receiver can be seen from the top of the mountain. 
The phenomenon is known as obstacle gain [9, 10]. When using this term quantitatively, 
it must be stated whether it refers to gain relative to the calculated field over a homogeneous 
spherical earth, where only diffraction and standard atmospheric refraction are involved 
(propagation curves of the C.C.I.R. Atlases), or whether scattering and super-refraction 
are considered as well (curves of Recommendation 370-1). The latter case occurs when 
it is possible to compare propagation over two neighbouring paths of comparable distances 
and antenna heights, one of which has a mountain ridge which causes knife-edge diffraction 
and the other is clear of obstacles. Measurements made under such conditions have confirmed 
that such gains do occur [9, 10, 11, 12, 13, 14].

It will be further noted, that the direction of arrival of the strongest signal need not 
be the direction of the great circle path between the transmitter and the receiver. This is most 
noticeable when the receiving station is very near to the diffraction ridge (a few kilometres). 
This indicates that, in estimating the quality of transmission across a mountain ridge, consi­
deration must be given, not only to the profile of the terrain in the great circle path, but 
also to the diffraction or scattering properties of the ridge outside this plane. However, 
if the mountain obstacle is only a little removed from the great-circle path, it no longer 
introduces an appreciable gain [14].

An investigation into diffraction by multiple ridges has been made on a large number 
of SHF paths in Japan [15]. An emprical diffraction loss prediction method is given and 
shown to agree reasonably well with these data. (In a theoretical limiting case where all 
the ridges coincide, the method will not give the correct answer, however.) It is also demons­
trated [15] that the time variability of these signals is proportional both to the total diffrac­
tion loss and to the ratio of path length to wavelength.

It is found that when the field strength obtained is high, it is relatively stable and the 
fading is slight, whereas in a region where the field is normally weak, it fluctuates very much
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with variations in refractive index [9, 14]. Since the high values of field strength are pro­
duced by the addition in phase of fields received over several paths, relatively large effects 
of the troposphere on the individual components are required to produce an appreciable 
change in the resultant field. Conversely, the weaker fields, which are produced by partial 
cancellation of the individual field components, are greatly affected by changes in these compo­
nents. This conclusion is supported by the fact that the high field strengths become less 
stable as the frequency is increased from band 8 (VHF) to band 10 (SHF). It would appear 
that the VHF (metric) band is more suitable than the higher frequencies for communication 
by waves diffracted over mountain ridges.

Work in the United Kingdom in Band I [16] has shown, that the presence of a large 
diffracting ridge within 15 km of the receiving site on long tropospheric paths, causes an 
attenuation which is substantially constant in time; that is, the attenuation is the same for 
normal and abnormal propagation. With the diffracting ridge close to either terminal, the 
diffracted signal is stronger that signals due to other propagation mechanisms. With a 
diffracting ridge nearer the centre of a path, super-refractive atmospheric conditions may, 
for small percentages of time, lead to considerable enhancement in signal levels, overriding 
the diffracted signal energy.

Studies at 2 GHz in Japan [17, 18] show that although considerable fading was expe­
rienced during the summer, no significant seasonal variation and very little diurnal trend 
was observed. Multipath distortion, however, shows considerable variation in time, espe­
cially in summer, because of sensitivity to deep fades of short duration, and correlates well 
with the amplitude distribution of the fading. The worst month for multipath distortion 
does not coincide with that for maximum transmission loss.

For propagation over high mountain ridges, a large part of the path may be above 
the regions of the troposphere in which rapid changes in the index of refraction occur. Also, 
there may be marked differences in the weather on the two sides of a mountain ridge, so 
that the conditions which give rise to fading may occur only on one half of the path at a 
time.

Both of these factors may limit the effects of the troposphere on the individual compo­
nents of the diffracted wave and tend to minimize the fading which occurs at a receiving 
point where a high value of field strength is found [14]. While all these investigations are 
yielding very useful results, it is clearly necessary that studies should be continued in those 
countries which have the desired topographic features, so that the radio paths under inves­
tigation include mountain ridges.

3. The influence of small and medium irregularities in terrain

Most irregularities in a terrain profile are not isolated obstacles [2, 21, 22], free of the 
influence of nearby hills and valleys. The descriptive analysis of broadcast data reported in 
Report 239-1 and in Recommendation 370-1 shows that, to a first order of approximation, 
such irregularities can be characterized by the difference Ah of terrain heights exceeded for 
10% and 90% of a propagation path in the range 10 km to 50 km from the transmitter 
[19]. This parameter Ah is defined in Recommendation 370-1.

Experience has shown, that improved point-to-point predictions, or predictions of 
cumulative distributions of transmission loss in a broadcaster’s service area, may be obtained 
by the use of additional parameters noted here and in Report 239-1, which summarizes 
comparisons with data, while this Report brings forward explanations of physical pheno­
mena which support the use of these parameters.
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Work in the Federal Republic of Germany and the United Kingdom [20, 22, 23] has 
shown that an improvement in prediction accuracy may be achieved by including on an 
empirical basis, the mean slope of the terrain in the vicinity of the receiving point. The 
principle upon which this work is based is that improved illumination of the receiving point 
will be obtained, when the direction of arrival of the incident ray makes a greater angle 
with the local terrain. This reasoning follows firstly from simple geometric ray theory and 
secondly from the fact that the transmission will have to pass through a shorter scattering 
path due to buildings and trees etc., when the angle referred to above is large.

A further empirical method has been developed in the People’s Republic of Poland 
[24, 25] which considers the problem from a different standpoint. In this method, the mean 
wavelength of terrain undulations is taken into account as an additional parameter, the 
actual terrain being represented by an equivalent sinusoidal model. The basis of this method 
is the empirical summation of the contributions to the terrain factor by the last few undu­
lations of the sinusoidal model, using a derivation from the Television Allocations Study 
Organization method [25].

4. Path-to-path correlation

Measurements in the Federal Republic of Germany [26] and in the United Kingdom 
[27] have shown that when transmitted from adjacent sites, there is found a close correlation 
between the field strength measured in UHF channels separated in frequency up to 200 MHz. 
The value of the correlation coefficients is approximately 0-9 in flat terrain and 0-8 in hilly 
terrain.

Similar measurements in Bands III and V showed that over average terrain the corre­
lation coefficient was still as great as 0-7 even when the ratio of frequencies was 1 to 3. On 
the other hand, when transmitters are sited at widely different locations, the correlation 
coefficient between field strengths at a receiving site is close to zero even when there is vir­
tually no frequency separation.
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R EPO R T 237-1 *

FADING OF SIGNALS DUE TO  M U LTIPA TH  TRANSM ISSION 
IN  TH E T R O PO SPH ER E

(1956 -  1963 -  1966)

1. Line-of-sight paths

Changes in atmospheric refraction and multipath sometimes cause excessively severe 
fading on line-of-sight microwave radio links [2, 3, 11], This fading can be counteracted by 
employing diversity techniques such as dual frequency-diversity, where the information is 
transmitted over two channels at different frequencies, or dual height-diversity where two 
vertically-spaced receiving antennae are used. The gross behaviour of the variation in 
transmission loss for many paths is explained by means of two relatively simple propagation 
mechanisms: refraction associated with the time-varying vertical gradient of refractive 
index and the formation of phase-interference patterns due to diffraction and reflection by 
the earth’s surface and atmospheric refractive-index irregularities [12, 15, 18].

Recent measurements of the vertical refractive-index gradient in the lower layers of 
the atmosphere show that the range of values is much larger than was previously supposed.

In the United States, at Cape Kennedy, Florida, the vertical gradient was measured 
in the first 100 m near the surface of the earth. It was found to vary between 230 Njkm, which

* This Report, which was adopted unanimously, is in response to Study Programmes 57 and 176. The 
attention of Study Group IX is drawn to this Report as a partial answer to Question 13/IX.
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was exceeded during 0-05 % of the time, and —370 Njkm, which was exceeded during 99-9 % 
of the time, which corresponds to k  ranging between 0-4 and —0-7 (concave earth) [16].

In France, studies carried out in the Paris area in the same part of the atmosphere— 
the first 100 m near the surface of the earth — produced results very similar to those men­
tioned above. When the gradient was measured in the first 500 m, however, variations 
were much less, values ranging from 30 A/km (0-05 % of the time) to —140 N/km (99-8 % 
of the time), which corresponds to k  ranging between 0-8 and 10 [6].

It must be pointed out, however, that, so far as wave propagation is concerned, extreme 
values of the index gradient are less important than might be supposed. These extreme 
values correspond to unusual weather conditions prevailing over a distance which is pro­
bably very short, generally less than the length of the radio link. One must therefore consider 
also the space correlation between the index gradients at two points on the path, but in­
sufficient study has been made of this question. The index gradient measured at one point 
(especially extreme values) should therefore be used with great caution.

The measurements conducted in the U.S.S.R. [23] have shown that the statistical 
distribution of the vertical gradient of the refraction index in the 0—200 m layer approaches 
the normal law for most climatic regions of the U.S.S.R. (except mountainous and coastal 
regions). The distribution parameters (median value and standard deviation) are different 
for various climatic regions and depend upon the season of the year.

Rapid changes of the refractive index, within a height range of several tens of metres above 
the surface of the earth, have also been reported. Such rapid changes of refractive index 
with height can be a source of multipath propagation [10].

When the atmosphere is sufficiently sub-refractive, the ray paths will be bent in such 
a way that the earth appears to be in the direct path between transmitter and receiver giving 
rise to the kind of fading called diffraction fading. This type of fading may be alleviated 
by installing antennae which are sufficiently high, so that the most severe ray bending will 
not place the receiver in the diffraction region.

At small gradients of the refractive index the direct ray will, under some circumstances, • 
be interferred with by the ground-reflected ray or other multipath rays. Whether this inter­
ference is constructive or destructive will depend on the differential path lengths of the signals 
which reach the receiving antenna; where the paths contribute in-phase signals, the inter­
ference pattern will yield a field-strength maximum and when they are out-of-phase, the 
pattern will yield a field-strength minimum. The most severe fading occurs when there are 
two effective components, equal in magnitude and opposite in phase. This kind of fading 
may be alleviated by the use of diversity systems, since this interference is frequency, time 
and space selective. Radio links with diversity equipment to combat this type of fading 
have been built and reported [1, 4, 14] to operate quite satisfactorily.

Under normal conditions and over moderately irregular sea or terrain, one expects a 
portion of the ground-reflected wave to be scattered away from the propagation path [17]. 
However, when the atmosphere is super-refractive and the earth appears concave, the reflected 
wave is enhanced by the convergence of the associated rays.

Methods have been developed for determining the antenna height or frequency sepa­
rations necessary to provide diversity protection against deep fades. Methods [14, 16] for a 
two-ray model which make use of the measured variation of the refractive index gradient 
near the surface of the earth, assume that the. received signal consists of a direct and reflected 
wave of approximately equal amplitudes with phase varying in accordance with the refrac­
tive index gradient. A method for the case of atmospheric multipath has been developed 
and experimentally verified in Japan [24].
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2. Beyond-the-horizon paths

When the receiver is located beyond the radio horizon, or the link operates under 
sub-refractive conditions, many components of the received signal are observed and arrive 
at the receiver via many paths which are the result of scattering from atmospheric inhomo­
geneities or partial reflections from elevated layers [5]. When the diffracted wave component 
of the received signal becomes negligible (e.g. at longer distances from the transmitter), 
the signal is observed to fade very rapidly when compared to line-of-sight links. This beyond- 
the-horizon region is treated under the topic of tropospheric-scatter [12, 19, 20].

Scatter propagation over large beyond-the-horizon distance has been studied in the 
Federal Republic of Germany by measurements of the “ correlation distance ” (diversity 
distance) and “ fading frequency” [9, 10, 12, 13]. Quantitative measures of these charac­
teristics have been determined from simultaneous field-strength recordings taken with several 
horizontally and vertically spaced antennae (normally three). From these recordings quan­
tities characterizing the field have been derived. These include:

— space correlation functions in the orthogonal directions;
— time correlation functions;
— cross-correlation functions of the received field strengths on the separate antennae.

In addition, power spectra have been determined in space and time including the deter­
mination of the angular distribution of arriving waves (the scatter cone) and the mean 
frequency of fading, f s. Similarly, the variation in the frequency-correlation coefficient 
with path length has been studied [25].

It has been found that, when the antenna beamwidth is larger than the width of the 
angular distribution of the arriving waves, the structure of the troposphere may be deduced 
from the spatial pattern of the received field strength. Under conditions where the antenna 
beamwidth is large, the correlation coefficient of the field received on spaced antennae 
does not exceed \je for antenna separation of 8-5 m more than 1 % of the time for vertical 
antenna spacings or more than 2% of the time for horizontal antenna spacings. When 
the antenna beamwidth is less than the width of the angular distribution of the arriving 
waves, the correlation distances have been found to increase [9, 10]. Results of the studies 
also indicate that the space and time correlation functions of the received field are related to 
the horizontal and vertical motions of the troposphere as determined from wind velocity 
measurements.

The path antenna gain or total effective antenna gain over a tropospheric scatter circuit 
has been observed to be practically independent of distance between about 150 and 500 km 
[21]. Furthermore, the total effective gain, shown in Fig. 1, may be assumed to depend 
only on the sum of the free-space antenna gains, without large corrections, provided that 
neither of the free space gains exceeds about 50 dB.

References [22, 26] examine the influence of the path length and the directivity of the 
transmitting antenna, on the loss in antenna gain in the receiving antenna, and it is shown 
that this loss in antenna gain is not necessarily distributed equally between the transmitting 
and receiving antennae.

3. Future studies

Further analysis may be valuable utilizing multiple rays and correlation functions 
(real and complex) of frequency, tim e and space [8, 24]. Especially it is desirable to make 
further studies of fading encountered on typical radio-relay links to establish the range of 
validity for propagation models such as those described above. These studies should 
include simultaneous fading measurements at a number of different frequencies, both vertical 
and horizontal antenna spacings and paths, for a substantial period of time [7]. Particularly 
important are simultaneous meteorological measurements.
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R EPO R T 238 *

RADIO TRA N SM ISSIO N  U TILIZIN G  IN H O M O G EN EITIES 

IN  TH E T R O PO SPH ER E (COM M ONLY CALLED “  SCATTERING ” )

(Study Programme 139)

(1959 -  1963)

It is well known that under conditions of standard refraction (corresponding to the use of an 
increased earth radius), the transmission loss at frequencies above 30 MHz increases rapidly 
beyond the horizon in accordance with diffraction around a spherical earth, but that when it has 
increased some tens of decibels in excess of the free-space value, the rate of attenuation with dis­
tance falls to a much smaller value. Measurable signals thus persist out to great distances. At 
these distances, the signal level is very variable, however, the spread of measured values can be 
fitted by an exponential curve giving a rate of attenuation of about 0-1 dB/km. Useful ranges of 
300 km or more are commonly obtained. At still greater ranges, the rate of increase becomes even 
less, but, by the use of exceptionally high effective radiated power, ranges up to about 1000 km have 
been achieved.

These signals, while varying in amplitude, are persistent, and are to be distinguished from 
those much stronger signals which occasionally occur at these ranges. These much stronger signals 
are known to be due to special conditions, for example those in which ducts are formed in the tro­
posphere, or at the lower frequencies, by reflection from abnormal ionospheric layers, and are consi­
dered in other studies.

The variable nature of the long-range signals has led to the suggestion that they arise from 
irregularities in the refractive index of the troposphere. Various physical mechanisms have been 
proposed to explain this trans-horizon propagation. The observed fading characteristics can be 
explained by the addition of a number of component signals, which come from different parts of the 
atmosphere and add incoherently to give a noise-like signal. Direct observation of the troposphere 
has revealed enough irregularity of refractive index to explain the magnitude of the received signals. 
There is an undoubtable tendency for these irregularities (eddies and small layers) to be extended 
horizontally. Meteorological theories have attempted to define the mechanism of generation of the 
irregularities, but radio experiments have not yet succeeded in finding which is the most successful. 
However, all theories are united in predicting that propagation is highly directive in the forward 
direction.-

It has been found useful to make statistical radio studies of existing communication links 
to predict the performance of other links. Both slow and rapid variations of field strength are 
observed. Slow fadings are ascribed to overall changes in refractive conditions in the atmos­
phere. The median amplitude is distributed approximately log-normally with a typical r.m.s. 
deviation of some 6 dB. The largest variations of transmission loss are often seen on paths, for 
which the receiver is located just beyond the diffraction region, whilst at extreme ranges the va­
riations are less. The slow fading is not strongly dependent on the radio frequency. The [rapid 
fading has a frequency of a few cycles per minute at lower frequencies and a few hertz at UHF. 
The superposition of a number of variable incoherent components would give a signal whose

* This Report, which replaces Report 148 and terminates Study Programme 139, was adopted unanimously.
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amplitude was Rayleigh distributed and this is found to be nearly true when the distribution 
is analysed over periods of up to five minutes. If other types of signal form a significant part of 
that received there is a modification of this distribution. Sudden, deep and rapid fading has been 
seen when a frontal disturbance passes over a link. Reflections from aircraft can give pronounced 
rapid fading.

In temperate climates, monthly median transmission losses tend to be higher in winter than 
in summer, differences ranging from 6 to 26 dB have appeared in the literature. Oversea paths 
are more likely to be affected by super-refraction and elevated layers than land paths and so give 
greater variation. Diurnal variations are often met. Climate affects signal strength. Reports 
231-1 and 233-1 study this question.

The effect of fading on a communication system can be reduced by the use of diversity recep­
tion, using two or more signals which fade more or less independently, owing to the difference 
in path, frequency or time interval. Signals from two receiving antennae spaced normally to the 
path and separated by 25 wavelengths or more are commonly used. It is also possible to have 
frequency diversity and angle diversity using multiple feeds and a common reflector. Polariza­
tion diversity is unlikely to be of practical use since polarization is found to be well preserved, 
while the transmission loss does not seem to depend on whether vertical or horizontal polariza­
tion is used.

The combined gain of transmitting and receiving antennae may be less than the sum of their 
plane-wave gains. Some papers indicate that this occurs when the beamwidths of the antennae 
are smaller than those over which signals could be scattered if omnidirectional antennae were used. 
This apparent drop in gain is termed “ gain degradation ” or “ antenna-to-medium coupling loss ” . 
It begins to be apparent when the combined gain is of the order of 30 to 40 dB. The amount of loss 
increases with increasing antenna gain and with path length.

Differential delays between components of the scattered signal result in signal distortion 
equivalent to restricting the bandwidth available for modulation. Certain papers indicate that 
this bandwidth is theoretically inversely proportional to the cube of the distance, and increases 
with increasing antenna gain. In practice, it is to be expected that the available bandwidth is 
sufficient for many purposes. The difficulties of obtaining adequate signal-to-noise ratio are much 
more restrictive.

The siting of terminals of trans-horizon links requires some care. The antennae beams must 
not be obstructed by nearby objects and the overall requirement is that the antennae should be 
directed at the horizon. If the antenna beams are tilted upwards by as little as 0-5° there may be a 
loss of the order of 10 dB, probably due to the increased angle through which the radiation must be 
scattered.

Theory and experiment in scatter propagation have made further progress during the interim 
period 1959-1962. Docs. V/7 (F.P.R. of Yugoslavia), V/17 (F.R. of Germany), V/23 (U.S.A.), 
V/32 (Japan), V/39, V/40 and V/41 (France), Geneva, 1962 present new aspects in scatter theory 
(Doc. V/7), new experimental results on the frequency dependence of transmission loss, on fading 
rate, on space diversity (Doc. V/17), frequency diversity (Doc. V/41) and azimuth angle diversity 
(Doc. V/32), new experimental evidence of the meteorological effects on trans-horizon propagation 
in different climates (temperate, equatorial, Saharan) have led to the conception of a new parameter, 
which seems to be specially adequate to give good correlation with transmission loss (Doc. V/39). 
Studies of frequency diversity at 3400 MHz over a 320 km link, show large time variation of the 
diversity distance between several megahertz and several tens of megahertz (Doc. V/41). Doc. 
V/23, on tropospheric wave propagation loss prediction, gives methods of predicting long-term 
median values of transmission loss, based on the radio atmosphere, on current scatter theories 
and ultimately on a very large sample of experimental data. A method of prediction, depending
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only on distance and frequency, gives sufficient reliability in many cases. Another method of 
prediction is given in Doc. V/71 (France). This method is based on the transmission loss during 
the most unfavourable month in different climates.

More general methods, but still of empirical character, depend on a greater number of para­
meters besides distance and frequency, e.g. the terrain profile, and lead to reliable results in more 
complicated individual cases. Continuous comparison of measurements and prediction methods 
were a constant guide in developing the curves, tables and nomograms of the methods. It is 
thought that they can serve as a preliminary but efficient guide in predicting the cumulative distri­
bution of hourly median values of transmission loss expected in point-to-point tropospheric com­
munication at frequencies above 30 MHz.
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REPORT 239-1 * 

PROPAGATION STATISTICS APPLIED TO BROADCASTING 
AND MOBILE SERVICES ON FREQUENCIES FROM 30 TO 1000 MHz

(Study Program m e 7A/V) 

i (1959 -  1963 -  1966)
1. Introduction

This Report gives details of the construction and use of the propagation curves in 
Recommendation 370-1 and includes descriptive statistics concerning antenna height gain 
and depolarization phenomena: it also discusses the effects of large cities and of vegetation 
on propagation. The last section suggests an improved method for computing field strength 
over mixed land-sea paths.

Report 240 was prepared to supply a need for broadcasting curves showing climatic 
differences expected within the continent of Africa. When transmitters operating in those 
frequency bands are put into service, it is hoped that the African Administrations will make 
available additional data for comparison with these curves.**

* This Report was adopted unanimously.
** Propagation curves for broadcasting in the African Continent are given on pp. 343-379 of the Final 

Acts of the African VHF/UHF Broadcasting Conference, Geneva, 1963.
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Report 236-1, as a companion to this Report, discusses the influence of the terrain on 
propagation and the theoretical basis for some of the parameters used with curves of field 
strength versus frequency, distance, antenna heights, and type of terrain. Report 228-1 
discusses the measurement and descriptive analysis of field strengths for broadcast services 
and shows how propagation curves may be used to describe effective service areas. For 
point-to-point transmission loss prediction of long-term medians and time variability, other 
methods of prediction are usually employed. A compilation of some of these methods being 
studied by the International Working Group under C.C.I.R. Resolution 2 has recently been 
published [1].

Results of field-strength measurements have been made available by many Adminis­
trations, and these have been combined in the production of these propagation curves 
[18, 19, 20, 21, 22, 23, 24]. These curves were developed at a Meeting of C.C.I.R. Experts, 
Cannes 1961, to prepare for the European VHF/UHF Broadcasting Conference, Stockholm, 
1961, and have been brought up to date in this document.

The following definitions are pertinent to this Report:

1.1 The field strengths have been adjusted to correspond to a power of 1 kW radiated from a 
half-wave dipole.

1.2 The height of the transmitting antenna is defined as its height over the average level of 
the ground between distances of 3 and 15 km from the transmitter, in the direction of the 
receiver.

1.3 The receiving antenna height is defined as the height above local terrain.

2. Beyond-the-horizon distances

The long-term data for distances beyond the horizon were separated into VHF and 
UHF classes, and further subdivided for land and sea paths. Figs. 1, 2 and 3 show the 
average curves derived from these data.

Fig. 1 shows the curves for VHF propagation at the greater distances and incorporates 
a very large amount of data over many land and sea paths, obtained with transmitting and 
receiving antennae at various heights. The data were normalized for a transmitting antenna 
height of 300 m by assuming that the field strength was a function only of the distance bet­
ween horizons. By this assumption, the field strength at a distance X  km from the transmitter 
for an antenna height of hx m, is the same as the field strength on the curve for a transmit­
ting antenna height of 300 m at a distance (T +70—4-1 Vhj) km.i This procedure may be 
used for distances beyond the horizon, and was applied to the curves of Fig. 1, at 200 km 
and beyond, to obtain the family of curves appearing in Figs. 1, 2, 3 and 4 of Recommen­
dation 370-1. The near-distance portions of the curves in Fig. 4 of Recommendation 370-1 
were drawn to coincide with the land curves at a distance of about 10 km.

A similar set of curves is shown in Fig. 2 for propagation over land at UHF. Here 
again the curves, which relate to a transmitting antenna height of 300 m, represent the average 
of a great amount of data for many land paths in many areas of the world. Curves for 
transmitting antennae at other heights have been developed from these by assuming that 
the field strength depends only on the distance between horizons, as described in the last 
paragraph. These are shown in Figs. 9, 10 and 11 of Recommendation 370-1.

Attention should, however, be drawn to measurements made by O.I.R.T. [28] over a 
period of three years on transmissions over five paths in Central Europe at a frequency 
of 1100 MHz. An important conclusion from this work is that the variance of the field 
strength for several paths is considerably greater than that indicated by Recommendation 
370-1 and also by Report 244-1. These paths are such that they are particularly influenced



— 121 — Rep. 239-1

by the overlapping effects of more than one propagation mechanism. For example, it was 
observed that over paths of some 200 km in length the difference between the field strength 
exceeded for 1 % and 50 % of the time is of the order of 30 dB, compared with a difference 
of about 18 dB which would have been expected from the curves of Recommendation 370-1, 
drawn for a median frequency of about 700 MHz (middle of the bands IV and V).

Fig. 3 shows curves for oversea paths representing the field strength exceeded for 1 %, 
5%, 10% and 50% of the time in bands IV and V (450—1000 MHz). For distances between 
200 and 1000 km, the 50% and 10% curves are normalized for a transmitting antenna at a 
height of 300 m according to the method described above. Long range data at present 
available indicate that for small percentages of the time, the received field strength is rela­
tively insensitive to the height of the transmitting antenna. Accordingly, the 1 % curve has 
not been corrected for transmitting antenna height. The 5 % curve, which is an interpolation 
between the 1 % and 10% curves, therefore contains approximately half the height gain cor­
rection.

Curves for other heights of transmitting antennae in Recommendation 370-1 have been 
developed for these distances by the methods decribed above. The curves are based on 
measurements over a number of paths in the North Sea area, each for a period of about 
eighteen months between November 1958 and September 1964. The measurements were 
taken at open coastal sites directly overlooking the sea. In order that they may be applicable 
for the calculation of co-channel interference in coastal towns, where the field strength may 
be expected to be lower than at the open sites, they incorporate a correction of approxi­
mately —7 dB relative to the measured values. ,

Limited measurements of the median value of field strength in the Mediterranean area 
are in good agreement. There is evidence, however, that field strengths exceeded for small 
percentages of the time in the Mediterranean area are greater than those experienced in the 
North Sea area.

Some observations indicate that for small, but not insignificant percentages of time, 
perceptible signals may be received from high-power transmitters at distances exceeding 
4000 km in tropical regions. For example, a field strength of 0-15 fxV/m for an effective 
radiated power of 1 kW and transmission frequency of 417 MHz was measured at a distance 
of 4740 km (across the Atlantic Ocean), for approximately 2% of the year [29].

3. Within-the-horizon distances

Propagation curves for distances within the normal horizon were developed by com­
paring the data obtained from many mobile surveys and a number of long-term measurements 
at fixed locations for short path lengths, with theoretical propagation curves for a smooth 
earth at the appropriate frequencies and antenna heights. The variation in field strength 
with frequency proved to be relatively minor and the data were separated into VHF and UHF 
classes, as was done for the beyond-the-horizon distances.

Fig. 1 of Recommendation 370-1 shows the field strength exceeded for 50% of the time 
at VHF. The curves within the normal horizon distances were derived by comparison with 
the corresponding theoretical curves for a smooth earth. These curves were then merged 
smoothly into the corresponding family of curves for distances beyond the horizon, as des­
cribed in the previous section. Fig. 1 of Recommendation 370-1 thus includes portions of 
field-strength curves within the horizon and beyond the horizon, as well as intermediate 
portions which are the result of merging the within-horizon and beyond-horizon curves.

Figs. 2 and 3 of Recommendation 370-1 show the field, strengths exceeded for 10% 
and 1 % of the time, respectively, at VHF. The derivation of these curves was very similar 
to those of Fig. 1. The assumption was made that time fading is negligible at short distances,
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so that the median curves of Fig. 1 may be used as a guide at short distances and merged 
with the appropriate 10% and 1 % curves from Figs. 2 and 3.

The near-distance field strengths in Fig. 4 of Recommendation 370-1, which shows 
the 1 % (time) oversea VHF curves, were constructed on a corresponding assumption, namely, 
that the 1 % field strength for propagation over land and over sea would not be materially 
different at a distance of 10 km from the transmitter. The sea curves were consequently 
merged smoothly with the land curves at this distance.

A set of field strength versus distance curves was derived for the UHF in similar fashion. 
These are shown as Figs. 9, 10 and 11 of Recommendation 370-1 for overland paths and 
in Figs, 13, 14, 15 and 16 for oversea paths.

4. Influence of irregularities in the terrain

Random selection of broadcast receiving locations on or near roads and in valleys 
results in higher values of the median transmission loss than are seen with most carefully 
selected receiving sites. Terrain roughness first increases the expected or median field strength 
by breaking up the destructive phasing between direct line-of-sight propagation and radio 
waves reflected or diffracted by the ground. Then increasing terrain irregularity and terrain 
clutter will reduce signals due to shadowing, absorption (including attenuation caused by 
vegetation) and the scattering and divergence or defocusing of diffracted waves. Conver­
gence or focusing and specular reflection also play a part in these multipath phenomena, 
as does average refraction, turbulence and stratification of the refractive-index structure 
of the atmosphere.

Two phenomena play a major part in determining the complex standing waves which 
determine antenna height gain at a fixed distance from a transmitter. With reflection or 
difffaction from a surface which is sufficiently smooth and sufficiently large, a linear height 
gain is to be expected for lower heights, and as a receiving antenna is raised above irregu­
larities and clutter, a height gain is to be expected for the quite different reasons mentioned 
in the preceding paragraph.

Depolarization phenomena are discussed in Report 122 and some recent measurements 
are discussed below. Here again site selection is of prime importance, either to reject un­
wanted signals, for instance, or to take advantage of depolarization with diversity: pola­
rization discrimination is better in open country and with high signal levels than when 
field strengths are low, as at UHF in areas where a receiving antenna is surrounded by 
obstacles.

It is useful now to discuss some aspects of the problems arising from irregular terrain, 
vegetation, etc., with special reference to the use of YHF and UHF propagation curves.

4.1 The parameter Ah

The influence of irregularities in the terrain increases with frequency. It is therefore of 
more importance in the UHF (bands IV and V) than in the VHF (bands I, II and III). The 
parameter Ah is used to define the degree of terrain irregularity. It is the difference in the 
heights exceeded for 10% and 90% of the terrain over propagation paths in the range 10 km 
to 50 km from the transmitter (see Fig. 7 of Recommendation 370-1). All of the curves 
for propagation over land refer to the kind of rolling irregular terrain found in many parts 
of Europe and North America, for which a value of Ah of 50 m is considered representative.

If one could visualize an ideal experiment in which long-term recordings are made 
at a large number of locations, then the distribution of time median for each and every
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site will result in a location distribution such as Fig. 5 of Recommendation 370-1 for VHF 
over typical rolling terrain for a Ah of 50 m.

It is further assumed that the change in the range of variation, i.e., the slope, of this 
location distribution is approximately unaffected by the roughness of the terrain at VHF, 
so that the distribution of Fig. 5 of Recommendation 370-1 may be assumed to apply for 
most practical values of Ah.

At UHF, typical location distributions for various values of Ah are shown in Fig. 12 
of Recommendation 370—1; the changes in the range of variation cannot be assumed to be 
negligible.

Not only does the range of variation of the location distribution increase with the 
terrain roughness, but also the average received field strengths are reduced as the terrain 
becomes rougher, i.e., Ah becomes greater. Again, this effect increases with frequency. 
Recent measurements in the Czechoslovak S.R. and the United Kingdom confirm that the 
corrections given in Figs. 8 (a) and 8 (b) of Recommendation 370-1 apply for distances 
up to 100 km in bands III, IV and V [2, 3].

In the above, the attenuation correction factor should be subtracted from the field 
strength for the required value of Ah. For distances greater than 200 km, the attenuation 
correction factor is also given in Figs. 8 (a) and 8 (b) of Recommendation 370-1.

For distances between 100 km and 200 km, the correction factor should be linearly 
interpolated between the two curves referred to above.

No attenuation correction factors are proposed at present for bands below band III.

Recent work has shown the single parameter Ah to be inadequate to define precisely 
the attenuation correction factor. It has been found, for example, that at any location along 
transmission paths broadly defined by Ah «s* 50 m, the median field strength predicted may 
be in error by more than 20 dB although it is generally within 10 dB, the error in the VHF 
bands tending to be less than at UHF.

Efforts have been made to improve accuracy by the introduction of further terrain 
parameters on an empirical basis. These methods are listed below and may be used in cases 
where the prediction accuracy required is greater than that associated with the use of the 
parameter Ah alone.

4.1.1 A method developed in the F.R. of Germany [4] in which as well as the r.m.s. value 
of Ah, the mean slope of the terrain plays an important role in the derivation of the 
factor.

4.1.2 A method developed in the P.R. of Poland [5] and based upon a modification of the 
TASO method [6], in which the factor is dependent upon both Ah and the mean 
wavelength of terrain undulations.

4.1.3 A method developed in the United Kingdom [3] in which factors dependent upon 
Ah and the mean slope of the terrain are used.

4.2 Effect o f change in the height o f the receiving antenna

4.2.1 Median values o f height-gain factors

Work by various Administrations [7, 8, 9, 27] shows the height gains which 
may be expected in changing the receiving antenna height from 3 m to 10 m above 
ground level. The results may be summarized as follows:
Bands I, I I  — Median values of height gains are 9 dB to 10 dB in hilly or flat terrain 

for rural and urban areas.
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Band III  — Median values of height gains are 7 dB in flat terrain and 4 to 6 dB 
in urban or hilly areas.

Bands IV, V  — Median values of height gains in these bands are very dependent 
upon terrain irregularity. Fig. 4 shows how the median varies with 
Ah. In suburban areas, the median is 6 to 7 dB and in areas with 
many tall buildings 4 to 5 dB.

The above values apply for distances up to 50 km from the transmitter. For 
distances in excess of 100 km, values should be reduced by 50% (use linear inter­
polation at intermediate distances).

At any specific location in an area, the actual height gain may differ by many 
decibels from the median value.

4.2.2 Ratio between field strength in town and in surrounding areas

Presently available evidence suggests, that provided receiving antenna heights 
are sufficiently above the local roof level, the received field strength will be substan­
tially that given by the curves in Recommendation 370-1.

Experience has shown that in bands I and II, no great difference exists between 
field strengths measured at a height of 10 m in rural or urban areas. In band III 
[10, 11, 12], field strengths at a height of 10 m in suburban areas are much the same 
as in equivalent rural areas [10, 12]. Work in the P.R. of Poland showed maximum 
attenuation in the centre of an urban area as follows: in an urban area of 400,000 
people [10,11], 16 dB at 10 m and 6 dB at 16 m (the average roof level), and in an urban 
area of 80 000 population [12], 12 dB at 10 m. In heavily built-up areas, the received 
field strength may be reduced by 6 to 16 dB, dependent upon the character of the 
buildings in the area. For the UHF bands, recent work in the United Kingdom [13] 
has shown a median loss of 9 dB for urban areas in southeast England. Experiments 
made in Italy [30], at metric and decimetric wavelengths in heavily built-up areas, 
have shown that the additional loss factor depends principally on the density and 
height of the buildings, on the angle of arrival of the wave at the receiving antenna 
and on the orientation of the street with respect to the direction of the transmitter 
from the receiving site.

It is desirable to obtain larger statistical samples for each type of urban situation.

4.2.3 Interpolation o f the field-strength curves for land-mobile services

The field-strength curves given in Recommendation 370-1 are directly applicable 
to broadcasting services where the receiving antenna is at a height of 10 m above 
ground level. For land-mobile services, the receiving antenna will generally be 
nearer 3 m above ground level and the median received field strength will, in conse­
quence, be reduced.

In rural areas the interpolation is straightforward. The appropriate height- 
gain factor given in §4.2.1 should be subtracted from the field strength predicted 
by the curves. In urban areas the interpolation is more complicated. The appro­
priate height-gain factor given in §4.2.1 is subtracted from the field strength pre­
dicted by the curves and then a further “ terrain clutter ” factor must be subtracted 
for reasons given in § 4.2.2. Total correction factors, to be subtracted from the field 
strength read from the curves of Recommendation 370-1, are given in Table I.
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T a b l e  I

Bands I, II Band III Bands IV, V

Rural (dB) 9 1 as given by Fig. 4
for d < 50 km,

Urban (dB) 9 11 14

The above values apply for distances from the transmitter up to 50 km. For 
distance in excess of 100 km the above factors should be reduced by 50%, with linear 
interpolation for intermediate distances.

4.2.4 Roof-top versus indoor antennae

In a recent study [14], the performance of existing roof-top and indoor antennae 
in New York City was related to both signal strength measurements and subjective 
determinations of television picture quality. Point-to-point transmission loss dis­
tributions were log-normal with standard deviations of 16 and 14 dB, respectively, 
for roof-top and indoor measurements. Median values for these distributions differed 
by amounts ranging from 16 to 35 dB depending on the frequency, the type of building, 
and the type of path. This difference was about 7 dB greater at 570 MHz than at 
55 MHz, 10 dB greater for reinforced concrete buildings than for wooden buildings, 
and 5 dB greater for locations on Manhattan Island than for locations outside 
Manhattan Island.

4.3 Depolarization phenomena

In the band of frequencies between 30 and 1000 MHz, the median value of the pola­
rization discrimination that can be achieved at domestic broadcast receiving sites by the 
use of orthogonal polarization may be as much as 18 dB, and under these conditions, the 
values exceeded at 90% and 10% of the receiving sites are about 8 to 10 dB and 29 dB, 
respectively (see Report 122).

The discrimination is better in open country and worse in built-up areas or places 
where the receiving antenna is surrounded by obstacles. For domestic installations in den­
sely populated districts, the median value of 18 dB will usually be realized only at roof 
level, and this value may be reduced to 13 dB or less at street level.

In a recent study at 573-25 MHz [15], the discrimination exceeded at 90% of receiving 
sites, when a vertically polarized antenna was directed towards a horizontally polarized 
transmission was 8 dB, taking many types of terrain into consideration. The discrimination 
exceeded at 90% of receiving locations, with a vertically polarized antenna directed 180° 
away from the direction of a horizontally polarized transmission, was 22 dB, or 6 dB greater 
than the front-to-back ratio of the antenna. Discrimination was generally greater in areas 
where the field strength was high, and lower in conditions of poor reception.

Measurements made in the Federal Republic of Germany [31], at frequencies of 190 and 
500 MHz, have given a comparison of both the quality of reception and the received field 
strength of vertically and horizontally polarized television transmissions. It was shown that 
the quality of reception with vertically polarized waves was inferior to that with horizontally 
polarized waves and the difference has been attributed to the effects of buildings and vege­
tation. At 190 MHz, the field strength over line-of-sight paths was 3 dB lower with vertical 
than with horizontal polarization; for receiving points in shadow this difference increased 
to 4-7 dB. For 500 MHz the corresponding values are 0 dB and 1-5 dB. The observed 
subjective quality of the received pictures was well correlated with these measurements.
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Measurements in very irregular terrain have been made in the Czechoslovak S.R. 
In particular, results have been obtained on the changes in polarization of radio waves in 
relation to the degree of roughness of terrain, from small irregularities to mountainous 
regions [25, 27]. When receiving sites were classified according to types of terrain, the 
depolarization ratio varied over a great range. Representative values are given in Table II.

T a b l e  II

Depolarization ratio exceeded at 90% of receiving 
sites in different types of terrain at 570 MHz

Type of terrain
Angle 

of diffraction 
(mr)

Ratio
(dB)

Median value o f attenuation 
relative to free space (dB)

Suburban area optical to transmitter 18 7
Suburban area in slight diffraction

zone 2 13 26
Suburban area in moderate diffraction

zone 6 10 31
Town in deep diffraction zone 45-82 4 40
Thickly wooded area (trees in leaf:

no obstruction due to terrain) 2 27

The angle of diffraction to each of the receiving areas at which measurements were 
made is shown in the Table. This is defined as the angle between the line joining the obstacle 
and the receiving antenna and the extension of the line from the transmitter to the obstacle. 
Whilst some correlation with diffraction angle is seen to exist, the occurrence of depolarization 
is in a large measure dependent on the local terrain at the receiving site. A satisfactory para­
meter for demonstrating a correlation with depolarization ratio is the path attenuation at 
each of the sites; that is the difference between the free-space field strength calculated for 
the sites and the median of a number of measured values (of the order of 20) obtained at 
the sites. The appropriate path attenuations so determined are given in Table II. A plot 
of depolarization ratio against path attenuation gives a curve with a reasonably small range 
of scatter except in the case of the last item of the Table, which reflects the important effect 
of a wooded environment on depolarization.

Other measurements at 520 and 700 MHz [16] have indicated 1 to 2 dB more depolari­
zation for vertical than for horizontal polarization. Table III summarizes these measurements 
which were made near Heidelberg. Thirty per cent of the observations were in or near 
built-up areas, and the remaining 70% were evenly distributed over the remaining area.

The effect of frequency and building density proved to be negligible. The data of Table III 
are classified according to the parameter Ah which indicates the roughness of the terrain.

T a b l e  III

Nature o f terrain Ah (m) 90 % of locations 
(dB)

50 % of locations 
(dB)

Flat 10 >  20 >  30
Hilly 50 > 1 4 > 2 7
Mountainous 200 >  o > 1 6
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4.4 Attenuation due to vegetation and buildings

A recent review [32] shows how the attenuation caused by vegetation and buildings 
varies with frequency. This review summarizes published data covering a range of vegetation 
conditions [33, 34, 35, 36, 37, 38] and the results are given in Fig. 5.

Comparative measurements for horizontally and vertically polarized waves have been 
recorded and, although the difference is not always marked, there appears to be a tendency 
for the attenuation to be slightly greater with vertical polarization.

5. Mixed land-sea paths

Although there is little evidence of any significant differences between propagation 
over sea and over land in bands I, II and III, except for small percentages of the time, there 
is an important difference in bands IV and V.

When the transmission path is over a mixture of land and sea then an estimate must 
be made of the effect of the mixed path on received signal.

Since the Xth Plenary Assembly, Geneva 1963, an improved method for calculating 
the field strength over a mixed land and sea path, well supported by measurements, has been 
developed in the United Kingdom and removes the restrictions in the previous method. The 
new method [17] is described by reference to Fig. 6, where the UHF 1 % sea and land curves, 
for a transmitting antenna height of 300 m, are reproduced as curves (A) and (B) respectively.

Let it be assumed, for the purpose of this example, that the transmission path consists 
of 200 km over sea and 100 km over land. In making the calculation, the path is traversed 
in both directions, and the geometric mean of the two computations is taken as the required 
field strength.

Curve (A) in Fig. 6 indicates that the field strength at 200 km is 59-5 dB rel. 1 p-V/m. 
The distance along curve (B) at which this field strength is reached is 31 km. This distance 
is therefore equivalent on the land curve to 200 km on the sea curve, when the field strength 
is 59-5 dB rel. 1 i±V/m. It is assumed that the wave, which has travelled over 200 km of sea, 
is in the same state as a wave that has travelled the equivalent land distance of 31 km. It 
will, therefore, continue to be attenuated according to the land curve as it proceeds over 
the next section of path 100 km long. The equivalent distance of the whole path is thus 
131 km, and the field strength at this distance on the land curve is 28-8 dB rel. 1 yiV/m.

The process is repeated in the opposite direction. Thus, for 100 km of land, curve (B) 
indicates a field strength of 35 dB rel. 1 yY{m. The equivalent distance on curve (A) is 403 km. 
The equivalent distance of the whole of the path on the sea curve is then 603 km, and the 
field strength at this distance on curve (A) is found to be 21 dB rel 1 (j-V/m. The mean of 
the two answers obtained is:

E  =  i/2(28-8+21) w 25 (dB rel. 1 [W/m)

which is the required field strength.
The procedure for paths containing more than two sections is merely an extension of 

what has been described.

B ib l io g r a p h y

1. R ic e , P. L., L o n g l e y , A. G., N o r t o n , K. A. and B a r sis , A. P. Transmission loss predictions for
tropospheric communication circuits. U.S. Nat. Bur. Stand. Tech. Note 101 (May 7, 1965).

2. C.C.I.R. Doc. V/38 (O.I.R.T.), 1963-1966.
3. E.B.U. Monograph C, 1965.
4. C.C.I.R. Doc. V/24 (F. R. of Germany), 1963-1966.
5. C.C.I.R. Doc. V/28 (P. R. of Poland), 1963-1966.
6. L a  G r o n e , A. H. Forecasting television service fields. Proc. IRE 48 No. 6 (June, 1960).



Rep. 239-1 — 128 —

7. C.C.I.R. Doc. V/4 (U.S.A.), 1963-1966.
8. U h l e n , N. Tele, Stockholm 1 (1962).
9. C.C.I.R. Doc. V/39 (O.I.R.T.), 1963-1966.

10. C.C.I.R. Doc. V/34 (P. R. of Poland), 1963-1966.
11. C.C.I.R. Doc. V/35 (P. R. of Poland), 1963-1966.
12. C.C.I.R. Doc. V/51 (P. R. of Poland), Geneva, 1962.
13. C.C.I.R. Doc. V/9 (U. K.), 1963-1966.
14. C.C.I.R. Doc. V/2 (U.S.A.), 1963-1966.
15. C.C.I.R. Doc. V/19 (U. K.), 1963-1966.
16. C.C.I.R. Doc. V/43 (F. R. of Germany), 1963-1966.
17. C.C.I.R. Doc. V/20 (U. K.), 1963-1966.
18. K u h n , U. Ausbreitungsuntersuchungen uber unterschiedlichem Gelande in den Frequenzbandern I,

II und III (Study of wave propagation over irregular terrain in bands I, II and III). Technische 
Mitteilungen B.R.F. (R.D.A.) (February and May, 1958).

19. F in e , H. UHF propagation within line-of-sight. FCC Report T.R.R., 2.4.12.
20. S a x t o n , J. A. Basic ground-wave propagation characteristics in the frequency band 50-800 MHz.

Proc. I.E.E. 101 Part III, 211 (1954).
21. S a x t o n , J. A. and H a r d e n , B. N. Ground-wave field-strength survey at 100 and 660 MHz.

Proc. I.E.E., 101 Part III, 215 (1954).
22. K ir k e , H. L. et al. A VHF field-strength survey on 90 MHz. Proc. I.E.E., 98 Part III, 343 (1951).
23. Report of Television Allocations Study Organization to the Federal Communications Commission

(1959).
24. C.C.I.R. Doc. V/34 (United Kingdom), Geneva, 1962.
25. C.C.I.R. Docs. 207 and 208 (O.I.R.T.), Geneva, 1963.
26. K r a l ik , F., K u h n , U. and V o c a d l o , V. Ausbreitungsmessungen bei 480 MHz und 780 MHz im

Gebirge der Niederen Tatra (C.S.S.R.) (Propagation measurements at 480 MHz and 780 MHz 
in the Low Tatra mountains (Czechoslovak S.R.)). Techn. Mitt, des BRF, 5, 4, 174 (December 
1961) and Techn. Mitt, des RFZ, 6,1, 18 (March, 1962).

27. K r a l ik , F., K u h n , U. and V o c a d l o , V. Ausbreitung von Dezimeterwellen bei horizontaler und
vertikaler Polarisation und Hohenabhangigkeit der Feldstarke im Gebirge (Propagation of 
decimetric waves with horizontal and vertical polarization and the effect of height on field strength 
in mountains), Tech. Mitteilungen RFZ, Vol. 6, 4, 162-166 (1962).

28. C.C.I.R. Doc. V/117 (O.I.R.T.), 1963-1966.
29. M isme, P. Propagation transhorizon a tres grandes distances au-dessus de l’Atlantique intertropical

(Trans-horizon propagation over very long distances over the intertropical Atlantic) Annales des 
telecommunications (1966).

30. C.C.I.R. Doc. V/99 (Italy), 1963-1966.
31. C.C.I.R. Doc. V/121 (F. R. of Germany), 1963-1966.
32. C.C.I.R. Doc. V/89 (United Kingdom), 1963-1966.
33. S a x t o n , J. A. and L a n e , J. A. VHF and UHF reception. Wireless World 61, 229 (1953).
34. L a g r o n e , A. H. Height-gain measurements at VHF and UHF behind a grove of trees. IEEE Trans.

BC-9, 37 (1953).
35. L a g r o n e , A. H. and C h a p m a n , C. W. Some propagation characteristics of high UHF signals in the

immediate vicinity of trees. IRE Trans. AP-9, 487 (1961).
36. H e r b str e it , J. W. and C r ic h l o w , W. Q. Measurement of the attenuation of radio signals by jungles.

Radio Science 68D, 903 (1964).
37. J o se p h so n , B. and B l o m q u is t , A. The influence of moisture in the ground, temperature and terrain

on ground-wave propagation in the VHF band. IRE Trans. AP-6, 169 (1958).
38. Head, H. T. The influence of trees on television field strengths at UHF. Proc. IRE 48, 1016 (1960).



Fie
ld 

str
en

gth
 

(dB
 

rel
. 

1 
yV

/m
)

— 129 — Rep. 239-1

Distance (km)

F ig u r e  1

Field strength (dB rel. 1 yV/m) for 1 kW  e.r.p. Freq. 30 -  250 MHz (Bands I, II and III) 
for the percentages of the time shown on the curves; 

for 50 % of the receiving locations; hx =  300 m; h2 =  10 m.
Curves A; Land
Curves B: North Sea

-----------------Free space
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Distance (km)

F ig u r e  2

Field strength (dB rel. 1 u.V/m) for 1 kW  e.r.p. Freq. 450 -  1000 MHz (Bands IV  and V); 
for the percentages of the time shown on the curves; for 50 % of the receiving locations; 

hx — 300 m; h2 =  10 m; Land

Free space
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Distance (km)

F ig u r e  3

Field strength (dB rel. 1 yVjm) for 1 kW  e.r.p. Freq. 450 -  1000 MHz (Bands IV  and V) 
for the percentages of time shown on the curves: for 50 /  of the receiving locations; 

hx — 300 m; h2 =  10 m. Sea

---------------------Free space
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Height gain factor 3 -  10 m as a function o f Ah for frequency 450 -  1000 MHz (Bands IV  and V) 
parameter d represents distance from the transmitter
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Attenuation in woods and undergrowth as a function of frequency

(a) Trees in full leaf [33]

(b) Woods with dense undergrowth [37]

(c) Tropical jungle [36]

(d) Trees in full leaf [34]

o Vertical polarization
+ Horizontal polarization
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Distance (km)

F ig u r e  6

Method for estimating the field strength over a mixed land-sea path 
Curve A: All-sea field strength/distance curve (1 %, time) h =  300 m.
Curve B: All-land field strength/distance curve (1 %, time) h =  300 m.

E =  estimated field strength for the two-section path considered in example 1 of the text. 
The arrows illustrate the steps in the method of estimating.
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R EPO R T 241-1 *

PROPAGATION DATA REQ U IRED  FO R  RADIO-RELAY SYSTEM S 

Collection of data

(Study Programmes 5A/Y and 5B/V)

(1959- 1963- 1966)

A large amount of data relevant to Study Programmes 5A/V and 5B/V has now been accu­
mulated in response to Administrative Circular AC/63. These results of tests performed by a 
number of Administrations, over paths of widely differing lengths in widely different climatic 
regions, are believed to be of considerable value to designers of radio-relay systems, and copies of 
the data may be obtained from the C.C.I.R. Secretariat. The results are divided into two sections, 
within the same volume, one section containing data for paths where the angular distance is nega­
tive (“ line-of-sight” paths), the other containing data for paths where the angular distance 
is positive (“ beyond-the-horizon ” paths). The volume is entitled: “ Propagation data obtained 
in radio-relay systems (C.C.I.R. Study Programmes 5A/V and 5B/V ” ), published by the Inter­
national Telecommunication Union, Geneva, 1965.

It remains important that further data should be obtained, especially in regions other than 
the temperate zone, and Administrations are urged to make measurements to provide such data.

Attention is drawn to the fact that the data submitted will not be usable unless the following 
parameters at least, are given: path length, frequency, height and gain of the antenna, angle of 
elevation of the horizon at each terminal for an effective earth-radius factor of 4/3 (for beyond- 
the-horizon paths) and time-constant of the recording instrument.

REPO RT 242 *

PROPAGATION DATA REQUIRED FO R  RADIO-RELAY SYSTEM S 

Cumulative distribution of the length of individual time intervals during which 
the path attenuation exceeds a given level

(Study Programmes 5A/Y and 5B/V)

(1963)

1. Introduction

In contradiction to optical range propagation, where the field strength is fairly constant, 
scatter field-strengths vary continually between wide limits. For practical reasons, it is very 
useful to know how often deep fades occur, and what their duration will be.

* This Report was adopted unanimously
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Both the fading rate and the duration of fading are governed essentially by two factors, 
the rapidity of fading and the given level below which the signal will fall.

All characteristic quantities related to fading, in particular the rate and duration of fades, 
are of a statistical nature. They are characterized by their mean values, their median values 
or, more accurately, by their statistical distribution. A distinction, based on the length of 
the interval of observation, should be made between long-term and short-term statistics. 
Short-term statistics are confined to intervals for which the fading may be considered to be 
stationary, that is to say neither the field strength nor the rapidity of fading exhibit a definite 
trend.

It is desirable in analysing data to use the longest period of time for which the fading 
may be considered to be stationary, since this will improve the accuracy of the results. Expe­
rience has shown that this longest period of time may be as long as one hour, although some­
what shorter periods of time may sometimes be used advantageously in the UHF band. 
The use of analysis periods less than 30 min in the VHF band, or less than 10 min in the 
UHF band, is undesirable, since the use of such short periods leads to large fluctuations in 
the results obtained in successive time intervals.

Long-term statistics cover periods from several months up to years'. Their results will 
be influenced by-long-term variations in the median levels of field strength and in the rapidity 
of fading.

2. Short-term statistics are treated first in this contribution. The frequency of short-term 
fadings may be calculated, using the methods of Rice [1]. We may start from the fact, 
verified by experiments, that during short-term intervals of up to one hour the scatter field- 
strength obeys Rayleigh’s distribution law:

P  (r) =  exp (—0-693r2) (1)

where r =  E/Em (2)

is the ratio of field strength to its short-term median value. P (r) is the probability that the 
level r will be exceeded.

According to Rice, the number of downward passings per second of the level r is:

N  (r) =  2-95 f a  . exp (—0-693r2) (3)

The average fading rate A is a measure of the fading rapidity. It is defined by the power 
spectrum g  ( / )  of the fading phenomenon:

0 0  /  OO

/  =  j p g  ( / ) # /  S e  ( f ) d f  (4)
5 0 /  0

where f s is in fades per second, and is connected with the number of upward crossings of the 
median value Nm by the relationship:

Nm =  1-475 A (5)

Statistics of f s may easily be obtained by measuring Nm.

The average duration of a fading period t may be obtained from (1) and (3), giving:

Ur) =  [1 - P ( r ) ] / N ( r ) (6)
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To assess the reliable performance of a circuit, it is not sufficient to know the average 
duration of fading, 7, because in practice there is considerable spread of duration of fades 
around this average value. Extensive measurements of fading lengths were carried out over 
a number of paths and at different frequencies. The measuring equipment consisted of an 
electronic short-period measurement set with a recorder connected to it. The shape of the 
short-period distributions 11(7) thus gained were but slightly dependent on the working 
frequency, the range and the given measuring level. In all cases, nearly perfect log-normal 
distribution functions resulted, with identical values of standard deviation for the logarithm 
of the duration of fading, t. The natural dependence of the median value, tm, of the fading 
duration on the average fading frequency, f s, may be eliminated by plotting the distribution 
of, t . fs. The value, tm, is then only a function of the given measuring level. Fig. 1 shows this 
distribution of fading durations, t . fs, measured for various levels of R,

where R  — 20 log r (dB).

When f s is known, the distribution of fading duration t may be obtained from these 
distribution curves for any value of level below the median value of the field strength. It 
should be noted from these curves, that 98 % of all fading lengths occurring in a short-term 
interval, lie between 0-2 tm and 5 tm. The arithmetic mean 7 resulting from tm is:

7 = 1 - 3 1 ^  (7)

3. Long-term statistics may be obtained from the long-term distributions of the hourly median 
values of field strength and of the average fading frequency, f s. A wealth of recorded field- 
strength data is available. The paths investigated in the Federal Republic of Germany, 
irrespective of range and operational frequency, always yielded the same long-period distri­
bution as shown in Fig. 2. The field strengths (dB rel. lptY/m), were reduced to their long­
term median value. Experience shows that this curve may be regarded to be at least repre­
sentative for Central Europe.

Unfortunately, such extensive and reliable statistical data, for the fading frequency, f s, 
do not yet exist. The analysis had, in consequence, to be based on the results of fading 
frequency measurements obtained over a single path (Wrotham — Krefeld, 100 MHz, 430 km) 
and over a few months only. Fig. 3 shows the distribution of f s thus obtained, related to the 
corresponding long-term median value, f sm. It may be supposed that more extensive meas­
urements, on the other operational frequencies, would not yield results much different from 
the given curve.

The long-period median value, f sm, is dependent on the operational frequency. A large 
number of measurements gave:

fsm =  2-5 x 10~4/  (8)

where f sm is in fades/s and /  is in MHz.
There seems to be a slight dependence on the path length, but this effect could not be 

established as yet beyond doubt; so probably it may be safely neglected.
From the distribution in Fig. 3, the arithmetic mean, f s, is calculated:

~fs = \-52> f sm (9)

The long-period mean value, N, of the fading frequency may be calculated from (3), 
by means of the distributions plotted in Figs. 2 and 3, and formula (8), giving:

N/fs =  J  (N/fs) dP (10)

where P  is the distribution of the median values of the field strength given in Fig. 2. Numer­
ical evaluation of this integral yields the curve in Fig. 4, from which the quantity N/fs may
be found for any value of measuring level. R0 (dB) indicates the distance between the meas­
uring level and the long-term median level of field strength.

In a similar way, the long-term distribution 11(7) of the fading duration was obtained 
from its short-term distribution. The calculation yielded the distribution curves in Fig. 5.
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The product t . fsm was plotted instead of t in a manner analogous to Fig. 1. 98% of all 
fading durations lie between 0-04 and 25 times the long-period median value. Hence, the 
duration of fading exhibits a very wide spread over extended periods of time.

For practical applications of these results, it is essential to use formulae (8) and (9) 
and Figs. 4 and 5. First, the long-period median value f sm of the median fading frequency 
is calculated from the operational frequency by means of (8), and then the mean value, f s, 
is obtained from (9). Then Figs. 4 and 5 will yield the long-period mean value N  of the fading 
rate and the long-period distribution II of the duration of the fading.

Although the analysis given in this Report is confined to the results to be expected on 
radio-relay systems at large ranges beyond the radio horizon, involving only the scatter mode 
of propagation, it has been shown in several of the papers published in Proc. IRE (Oct. 1955), 
that this method of analysis of fading is also useful at the shorter ranges, where the received 
field arrives at the receiver via two modes of propagation and has both a relatively steady 
diffracted component and a rapidly varying Rayleigh-distributed scatter component.

B ib l io g r a p h y

1. R ic e , S. O. Statistical properties of a sine-wave plus random noise. B.S.T.J., Vol. 27, 109-157 (January,
1948).

2. G r o ssk o p f , J. and F e h l h a b e r , L. Haufigkeit und Dauer einzelner Schwundeinbriiche bei tropo-
spharischen Scatterstrecken (Frequency and duration of individual deep fades over tropospheric- 
scatter links). NTZ, 2, 71 (1962).

n  (%)

F ig u r e  1

Short-term distributions of the duration of fading 
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P(%)
F ig u r e  2

Long-term distributions o f the scatter field-strength (dB) 
(Resulting from long-term recordings on different paths: 

up to 450 km long and at frequencies between 100 MHz and 2 GHz) 
Curve A: hourly median'values 
Curve B: instantaneous values

F ig u r e  3
Long-term distribution o f the mean fading-frequencies 

(Wrotham-Krefeld, 100 MHz, 4 3 0  km, recorded during a few months of 1956)
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P ( % )

Ro (dB)

F ig u r e  4

Mean number of times that the signal was below certain levels (long-term mean values)

n  (%)

F ig u r e  5

Long-term distribution of fading durations for different levels, R0 (dB), 
relative to the long-term median value o f the field strength
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REPO R T 243 *

TROPOSPHERIC-W AVE PROPAGATION CURVES FO R  A PPLICATION 

TO INTERFERENCE PRO BLEM S IN  TH E RANGE FR O M  1 TO 10 GHz

(Study Program m es 5A/V and 5B/V)

(1963)

1. The curves given in Figs. 1 and 2 have been prepared primarily for use in assessing the mutual 
interference that may arise on overland paths between the ground stations of satellite radio­
communication services and other terrestrial radio services operating on the same or adjacent 
frequency channels. However, they may also be used for other interference problems arising 
in the range from 1 to 10 GHz.

Fig. 1 gives the transmission loss between isotropic antennae for the frequency 4 GHz, 
Fig. 2 gives the corrections that should be applied to the curves in Fig. 1 (for distances greater 
than 100 km), to determine the transmission loss between isotropic antennae for other 
frequencies in the range from 1 to 10 GHz.

2. The curves in Figs. 1 and 2 have been derived from measured data obtained in temperate 
and sub-tropical regions, and apply particularly to paths over relatively smooth earth, where 
the antennae are respectively of the order of 50 m and 15 m above ground level. The parts 
of the curves for distances greater than about 150 km can be used for paths over relatively 
smooth earth and for other antenna heights as follows:

To obtain the transmission loss at a distance of x km from the transmitter, for trans­
mitting and receiving antennae heights of h± and /z2 m, the curves should be read for a 
distance of x + 4 5 —4-1 (Yh^+Yhf) km.

3. The portions of the curves between 50 and 100 km are based on comparatively few data and 
should be used with extreme caution. They are indicated by interrupted lines.

4. It is emphasized that, although these curves are based on data obtained from long-term 
measurements over many paths, they represent only average path conditions and may give 
rise to substantial errors when estimating the transmission loss over a particular path. Meth­
ods for the more accurate prediction of path loss are to be considered by the International 
Working Party established under Resolution 2 and these will be reported on in due course.

Note. — Attention is also drawn to Report 244-1.

* This Report was adopted unanimously.
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Distance (km)

F ig u r e  1

Transmission loss (dB) between isotropic antennae (basic transmission-loss), not exceeded for the proportions 
of the time indicated on the curves (Overland path at 4 GHz)

Curve A: free-space propagation
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Frequency (GHz)

F ig u r e  2

Correction (dB) for frequency, to be applied to the curves in Fig. 1, 
for the proportions of the time indicated on the curves

Note: The correction curve for 0-01 % of the time is also applicable to the curve 
for free-space in Fig. 1
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REPO RT 244-1 *

ESTIM A TIO N  O F TROPOSPHERIC-W AVE TRANSM ISSION LO SS

(1963 -  1966)

1. Introduction

Study Programmes 5A/V, 5B/V and 5D/V state requirements for radio propagation 
data and their analysis, for frequencies from 40 MHz to at least 20 GHz, for use in the 
planning of radio-relay systems and in the determination of the possibilities of frequency 
sharing between radio-relay systems, including space and terrestrial telecommunication 
systems. Such data are being furnished in response to a request by the Director, C.C.I.R. 
in AC/63. Various Administrations have suggested methods for the estimation of trans­
mission loss, both within and beyond the horizon over a wide range of frequencies and for 
various climates [1, 2],

An International Working Group has been established to continue the work of col­
lecting and analysing data in accordance with Resolution 2. This preliminary report sum­
marizes data available at present in the frequency range 40 MHz to 10 GHz, supplied by 
a number of Administrations. It gives provisional procedures for the estimation of tropo­
spheric-wave transmission loss and its variability for a variety of climates.

Certain Administrations have agreed that the procedure described in § 2 is useful for 
the prediction of tropospheric transmission loss: one of the references [1] contains an 
account of a comprehensive and detailed method of computation on which this procedure 
is based. Another method is described in § 3. Unanimous agreement has not been obtained 
on the best methods to use in all circumstances, and it is clear that more work remains 
to be done to enable the International Working Group to arrive at a more complete report.

It is desirable that the various Administrations interested in this problem should make 
comparisons between their own experimental data and the prediction methods mentioned 
in this Report, and eventually with any other methods, and that they should present their 
conclusions to the International Working Group through the Director, C.C.I.R.

No existing method can provide accurate predictions in all circumstances, and for 
specific point-to-point paths, errors as much as several tens of decibels can exceptionally 
occur in the estimation of the transmission loss not exceeded for 0-1 % and 0-01 % of the 
time (the very high field strengths). However, it must be pointed out that measurements 
must be made over a very long period of time, if substantially better empirical predictions 
are to be provided.

2. Free-space propagation

Recommendation 341 and Report 112, relate the available power, P, from the receiving 
antenna, the total radiated power, Pr, the transmission loss, L , the basic transmission loss 
Lb, and the path antenna gain, Gp, as follows:

P =  P r ~  L

Lh = L + , Gp
(la )

(lb)

* This Report was adopted unanimously.
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The attenuation relative to free space, A, is defined, as:

A = Lb — Lbf (dB), (2)

Lbf =  32-45 +  20 logf MHz +  20 lo g r^  (3)

Note. — Equations such as (3) may conveniently be expressed in the form of a nomogram 
(see Fig. 16).

where Lbf  is the basic transmission loss in free space, and r is the straight-line distance 
between antennae. In this Report distances are in kilometres and angles are in radians.

For links between earth stations and spacecraft, it is important to know the attenuation
relative to free space A (q), between the earth station and space station as a function of
time availability q, range rQ, frequency / ,  and the angle of elevation, 0O; the example, shown 
in Fig. 1 was drawn for 0o =  0-3 radians and for an atmosphere in which the earth tempera­
ture is 20 °C, the pressure is 760 mm of mercury, and the water vapour density is 7-6 gm/kg 
with a total rainfall of 1 m per year.

In free space, ignoring absorption, the calculated transmission loss is:

L = Lb f- G t -  Gr (dB), (4)

where Gt and Gr are free space transmitting and receiving antenna gains in decibels relative 
to the gain of an isotropic radiator.

2.2 Line-of-sight propagation

For a smooth, perfectly conducting surface, the attenuation relative to free space is

A = — 6 — 10 log sin2 (nAr/X) (dB) (5)

where X is the radio wavelength and Ar = rx + r2 — r0 is the difference between direct and 
ground-reflected ray paths shown on Fig. 2. An effective earth radius, a, rather than the 
real radius was used to allow for average refraction of radio rays in Fig. 2. Fig. 3 shows 
a as a function of Ns =  (ns — 1) x 10®, where ns is the radio refractive index of the atmos­
phere at the surface of the earth. See Report 233-1.

For small grazing angles, *]j, and with antennae hx and h2 (km) above the earth,

Ar ph 2h \  h \ jd  (6)

where h \  and h'2 are the heights of the antennae above a plane tangent to the earth at the 
point of reflection.

For equal antenna heights over a spherical earth of effective radius, a\

Ar = d (sec 41- 1)- (7)

The greatest distance d = d0 for which A =  0 may be obtained graphically from the 
relation

2f#/d0 -  hxdj(2a) +  d%l(32a2) =  X/6 (8)

as determined from the condition that the sum of the direct and ground-reflected waves 
shall be equal to the free space field.
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Let 0* represent the angle of elevation of the direct ray r0 relative to the horizontal at 
the lower antenna, hx, assume that hx «S/z2, hx ^9a<\)2/2, and that ^ is small. Then

Ar & 2 hx sin hx +  AhJ3a +  ©a (9)

where 0* may be either positive or negative. For % =  0, dx & 2hx/(3<\i).

A propagation path with a single isolated terrain feature, which is the horizon for 
both terminals, may often be considered as having a single diffracting knife-edge between 
the terminals as illustrated in Fig. 4, from which the diffraction attenuation relative to free 
space, A(v) may be obtained, either for line-of-sight paths (v<0), or for trans-horizon paths 
(v>0).

An approximate formula for determining diffraction attenuation relative to free space, 
A, over a smooth earth for horizontal polarization is

A = G (xo) — F (xi) — F  (Xa) — 20-67 dB (10)

The functions G (%0) and F (y1>2) and an auxiliary function A(-/li2) are plotted in Fig. 5.

Zo =  dB0- lx = dLtB0; x2 =  dLrB0- B0 =  670 ( / /a 2)1/3 (11)

where du  ^  V2ahte and d^r & V2ahre are distances from each antenna to its smooth - 
earth radio horizon. The error in A will be less than 1 dB if

Xo—XiA(Xi)—Xz A (x2) >  320 (km) (12)

This assumes that terms beyond the second in the residue series may be neglected, and that 
the second term is much less than the first.

Just beyond the radio horizon of a transmitter, the dominant propagation mechanism 
for more than half the time is usually diffraction. Well beyond the horizon, the dominant 
mechanism is usually forward scatter, especially during times of day and seasons of the 
year when strong ducts and elevated layers are rare.

2.3 Forward scatter

The long-term median transmission loss due to forward scatter is approximately:

L  (50) =  30 l o g / - 20 log d + F (M )~  Gp-  V(de) dB (13)

where F(Qd) is shown in Fig. 6 as a function of the product Qd. The angular distance, 0, 
is the angle between radio horizon rays in the great circle plane containing the antennae 
and d  is the distance between antennae. [1].

A semi-empirical estimate of Gp is provided by the formula

Gp =  Gt+Gr- 0-07 exp [0-055 (Gt+Gr)] dB (14)

for values of Gt and Gr each less than 50 dB.

V(de), shown in Fig. 7, is an adjustment for the following types of climate:

1. Equatorial (data from Congo and Ivory Coast).
2. Continental sub-tropical (Sudan).

o



Rep. 244-1 — 146 —

3. Maritime sub-tropical (data from West Coast of Africa).
4. Desert (Sahara).
5. Mediterranean (no curves available).
6. Continental temperate (data from France, Federal Republic of Germany, and U.S.A.). 
la. Maritime temperate, overland (data from U.K.).
lb. Maritime temperate, oversea (data from U.K.).
8. Polar (no curves available).

This division is, of course, rather crude and local geographical conditions may require 
serious modifications. A brief description of these climates is given in Annex 1.

2.4 Variability o f transmission loss

The performance of a radio service and the feasibility of frequency sharing between 
services, depend on signal-to-noise and signal-to-interference ratios. As a general rule, 
adequate service over a radio path requires protection against noise when propagation 
conditions are poor, and requires protection against interference from co-channel or adjacent 
channel signals when propagation conditions are good. Note that minimum acceptable 
ratios depend on the particular types of fading exhibited by wanted and unwanted signals 
and noise, as well as upon the demodulation and coding schemes used. These ratios do 
not vary in time unless the type of fading changes. Available ratios, on the other hand, depend 
upon the strength of available signals and noise, and do vary in time. Consequently, a 
distinction is made between the rapid “ phase-interference fading ” , associated with multi- 
path phenomena and the slow diurnal and seasonal changes, or “ long-term power fading ” , 
associated with changes in average refraction, turbulence, or stratification in the atmosphere.

It is convenient to divide the instantaneous envelope power expressed in dBW into two 
additive components, one associated with phase-interference fading and one associated 
with long-term power fading. This Report deals only with long-term hourly median trans­
mission losses and their variability with time throughout a year.

To estimate P (q), the value of P  exceeded for q%  of the time, or L  (q), the value of L  
exceeded (100—<7) per cent of the time an “ effective distance ” , de, is defined as a function 
of the propagation path length, d, effective antenna heights hte and hre above the foreground 
terrain, and the radio-frequency, /  in MHz.

Define Qsi as the angular distance where diffraction and forward scatter transmission 
loss are approximately equal over a smooth earth of effective radius a — 9000 km, and define 
dsi as 9000 0,s/. Then:

The path length, d, is compared with the sum of dsi and the smooth-earth distances to the 
radio horizons:

where the effective antenna heights hte and hre are now expressed in metres.

It has been observed that the long-term variability of hourly median values (i.e. of 
transmission loss) is greatest on the average for values of d  only slightly greater than the sum 
of dsi and d t\  The effective distance de is arbitrarily defined as:

dsi =  65(100//)1/3 km. (15)

(16)
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for d dL +  dsi, de =  130 dl(dL +  dsl) km (17a)

(176)for d >  dL +  dsi de =  130 +  d  — (dL +  dsi) km

P(q) and the corresponding transmission loss L(q) are referred to long-term median 
values P(50) and L(50).

where empirical estimates of the factor g ( f )  are shown in Fig. 8 and of Y0(q) in Figs. 9 to 15 
for the various climates.

An estimate of the standard error of prediction for any given percentage of the time is 
given by the formula:

3. Summary of an alternative method [2]

The method summarized here was developed following professional experience acquired 
during the construction of a number of radio-relay systems, both line-of-sight and trans­
horizon.

An attempt has been made to reduce the calculations to a minimum and to use the 
results of experiments wherever possible.

For convenience, there are four separate zones:
— free space,
— zone of interference,
— diffraction zone (from a ridge; from the curvature of the earth),
— “ scatter ” zone.

A series of nomograms is used [3] for the first three zones, an example of which is given 
in Fig. 16.

For the fourth zone, the procedure is as follows:

3.1 Method used in the “ scatter ” zone [5]

This method involves the determination separately of the loss not exceeded for a high 
percentage of the time, for example 99 %, of the worst month and of the loss not exceeded 
for a small percentage of the time, for example 1 % of the entire year. The first loss is useful 
for the design of point-to-point links and the second for interference problems.

Having determined the equivalent distance (here defined as the angular distance, 0, times 
the effective radius of the earth), by a study of the profile of the path traced for an earth radius 
of 8500 km, reference is made to Figs. 17a and 176 prepared for a frequency of 1 GHz for 
different climates. The loss between isotropic antennae is thus obtained for the climate 
considered. The climates considered here are the same as those referred to in the Annex.

For any frequency between 200 and 4000 MHz the correction read on Fig. 18 is added 
to the preceding loss. In this way losses not exceeded for 99 % of the worst month and for 
1 % of the year are obtained for the frequency and climate chosen.

If it is required to know this loss for another percentage of the worst month, the stan­
dard deviation is determined from Fig. 19 and a log-normal law is taken to represent the

Thus:

or
P(q) =  P(50) +  Y(q) dBW 

L(q) =  L(50) -  Y(q) dB 

Y(q) = Y0(q) g ( f )

(18 a) 

(186) 

(19)

(20)
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monthly distribution of slow variations. This method can also be used for determining trans­
mission losses for small percentages of the entire year, other than 1 %, but the accuracy 
obtained is poorer.

4. Further methods

A further method for the calculation of the statistical distribution of signal levels over 
line-of-sight paths is described in reference [3]. This method takes into account signal 
variations caused by variations in the vertical gradient of the refractive index and by reflec­
tions from layers in the troposphere: the effect of ground profile is also considered. Cor­
responding calculations for beyond-the-horizon paths are empirically based on experimental 
data [4]. Another method for beyond-the-horizon paths, which has been found useful 
in the United Kingdom is described in [6].

5. Conclusions

The proper use of simple prediction methods, such as those outlined in this summary, 
requires an appreciation of their limitations and of the advantages of more elaborate methods. 
The aim of the International Working Group will be to produce a comprehensive report 
which shows:
— how to allow for incompatible transmitting and receiving antenna polarizations in free 

space propagation;
— how to estimate temporal, spatial and regional changes in microwave absorption by 

oxygen, water vapour, rain and clouds under a variety of conditions in the frequency 
range 0-1 — 100 GHz;

— how to compute an effective ground reflection coefficient which depends on the conduc­
tivity, permittivity, roughness and curvature of the reflecting surface, as well as upon 
the ratio of the products of antenna voltage gain patterns in the directions of direct 
and reflected ray paths;

— how to calculate Fresnel zones and what they are used for;
— how to allow for ground reflection effects and phase changes at a knife-edge for single 

knife-edge diffraction;
— how to proceed continuously from the low attenuation rates, characteristic of this type 

of diffraction, to the opposite extreme of the high attenuation rates experienced just 
beyond a smooth earth horizon;

— how to estimate path antenna gain and to allow for path asymmetry, frequency gain, 
and non-standard refraction in estimating transmission loss due to forward scatter.

In addition, methods for estimating the reliability of the detailed point-to-point pre­
diction methods and for calculating the service probability for noise-limited service will 
be examined.
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ANNEX

The climates considered in this Report are described below.

1. Equatorial: corresponds to the region between latitudes 10°N and 10°S. The climate is 
characterized by a slightly varying high temperature and by monotonous heavy rains which 
sustain a permanent humidity. The annual mean value of Ns (refractivity at the surface 
of the earth =  (n— 1) 106 where n is the refractive index of the air) is about 360 A-units and 
the annual range of variation is 0 to 30 N-units.

2. Continental sub-tropical: corresponds to the regions between latitudes 10° and 20°. The 
climate is characterized by a dry winter and rainy summer. These are marked daily and 
annual variations of radio propagation conditions, with least attenuation in the rainy season. 
Where the land area is dry radio ducts may be present for a considerable part of the year. The 
annual mean value of Ns is about 320 A-units and the range of variation, throughout the 
year, of monthly mean values of N s is 60 to 100 A-units.

3. Maritime sub-tropical: also corresponds to the regions between latitudes 10° and 20° and 
is usually found on lowlands near to the sea. It is strongly influenced by the monsoon. The 
summer monsoon, which blows from sea to land, brings high humidity into the lower layers 
of the atmosphere. Although the attenuation of radio waves is relatively low at both the 
beginning and end of the monsoon season, during the middle of the monsoon the atmosphere 
is uniformly humid to great heights and the radio attenuation increases considerably despite 
a very high value of Ns. There is an annual mean Ns of about 370 A-units with a range 
of variation over the year of 30 to 60 A-units.

4. Desert: corresponds to two land areas which are roughly situated between latitudes 20° 
and 30°. Throughout the year there are semi-arid conditions and extreme diurnal and 
seasonal variations of temperature. This climate is very unfavourable for forward-scatter 
propagation, particularly in summer. There is an annual mean value of Ns of about 280 
A-units and throughout the year monthly mean values may vary over a range of 20 to 80 
A-units.

5. Mediterranean: corresponds to regions in both hemispheres on the fringe of desert zones, close 
to the sea, and lying between latitudes of 30° and 40°. The climate is characterized by a 
fairly high temperature, which is reduced by the presence of the sea, and an almost complete 
absence of rain in the summer. Radio-wave propagation conditions vary considerably, par­
ticularly over the sea where radio ducts exist for a large percentage of the time in summer. 
Although considerable propagation data exist for this climatic region, no summarizing 
curves have been included in this Report.

6. Continental temperate: corresponds to regions between latitudes 30° and 60°. Such a cli­
mate in a large land mass shows extremes of temperature and pronounced diurnal and sea­
sonal changes in propagation conditions may be expected to occur. The western parts 
of continents are influenced strongly by oceans, so that temperatures here vary more mode­
rately and rain may fall at anytime during the year. In areas progressively towards the east, 
temperature variations increase and winter rain decreases. Propagation conditions are most 
favourable in the summer and there is a fairly high annual variation in these conditions. 
The annual mean value of Ns is about 320 A-units and monthly mean values may vary by 
20 to 40 A-units throughout the year.

7a. Maritime temperate, overland: also corresponds to regions between latitudes of about 30°
to 60° where prevailing winds, unobstructed by mountains, carry moist maritime air inland. 
Typical of such regions are the United Kingdom, the West coast of North America and 
of Europe and the northwestern coastal areas of Africa. There is an annual mean value
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of Ns of about 320 A-units, with a rather small variation of monthly mean values over the 
year of 20 to 30 A-units. Although the islands of Japan lie within this range of latitudes, 
the climate is somewhat different and shows a greater annual range of monthly mean values 
of A?, about 60 A-units. The prevailing winds in Japan have traversed a large land mass and 
the terrain is rugged. Climate 6 is therefore probably more appropriate to Japan than 
climate 7, but duct propagation may be important in coastal and adjacent oversea areas 
for as much as 5% of the time.

7b. Maritime temperate, oversea: corresponds to coastal and oversea areas in regions similar 
to those for climate la. The distinction made is that a radio propagation path having both 
horizons on the sea is considered to be an oversea path (even though the teminals may 
be inland); otherwise climate la  is considered to apply. Radio ducts are quite common 
in occurrence for a small fraction of the time between the United Kingdom and the European 
continent and along the west coasts of the United States of America and Mexico.

8. Polar: corresponds approximately to the regions between latitudes 60° and the poles. This 
climate is characterized by relatively low temperatures and relatively little precipitation. 
No radio-wave propagation curves are at present available for inclusion in this Report.
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(a) (b)

F ig u r e  2

Geometrical relationships for within-the-horizon paths
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Variation of the radius of the earth, a, as a function of the surface refractivity, Ns
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Knife-edge diffraction, transmission loss relative to free-space 

Curve A: Asymptote, A (v) =  12-953 +  20 log10v
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6d
F ig u r e  6

The attenuation function, F(Qd), where d is in km and 0 is in radians

de (km)
F ig u r e  7

The function V(de) for the types of climate indicated on the curves (see § 2.3)
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Frequency (MHz)

F ig u r e  8

The function g(f) for the types of climate indicated on the curves (see § 2.3)
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Variation of transmission loss with effective distance for an equatorial climate ( Type ]) 

(The values of q are indicated on the curves)
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Effective distance (km)
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Variation o f transmission loss with effective distance 
for a continental sub-tropical climate, Sudan (Type 2)

(The values of q are indicated on the curves)
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Variation o f transmission loss with effective distance in a maritime sub-tropical climate (Type 3) 

(The values of q are indicated on the curves)
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Variation of transmission loss with effective distance for a desert climate, Sahara (Type 4) 

(The values of q are indicated on the curves)
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Variation of transmission loss with effective distance for a continental temperate climate (Type 6) 

(The values of q are indicated on the curves)
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Variation of transmission loss with effective distance for an overland path 
in a maritime temperate climate (Type 7a)
(The values of q are indicated on the curves)
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Variation of transmission loss with effective distance for an oversea path 
in a maritime temperate climate (Type 7b)

(The values of q are indicated on the curves)
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Nomogram for the determination o f the transmission loss in free-space between isotropic antennae
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Effective distance (km)
F ig u r e  17a

Transmission loss not exceeded for 99 % of the worst month for the types of climate indicated
on the curves (see § 2.3)
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Transmission loss not exceeded for 1% of the entire year for the types of climate indicated
on the curves (see § 2.3)

Curves 1, 4 and 6: Land paths 
Curves 3a, 3b and 5: Sea paths 
-----------------: Free space
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Frequency (MHz)
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Correction (dB) to be applied to the values obtained from the curves of Fig. 17, 
for frequencies other than 1 GHz
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Standard deviation for the types of climate indicated on the curves (see § 2.3)
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REPO RT 336 *

FREQUENCY U TILIZA TIO N  ABOVE TH E IO N O SPH ER E 

AND O N  TH E FAR SIDE O F TH E M O O N

(1966)

In Question 15/IV, § 2, which has been referred to Study Group V for consideration, the 
problem is raised of the geometrical shielding of the Moon as a function of frequency, angular 
distance from the limb of the Moon toward the centre of the far side, and distance above the sur­
face of the Moon.

In the existing documents of Study Group V, reference is made to diffraction round large 
obstacles, but only in relation to propagation over the earth. The main point of § 2 in this Question 
is presumably the geometrical shielding factor due to diffraction round the Moon, regarded as 
a large spherical object.

Fortunately, as the radius of the Moon is very large compared with the longest wavelength 
that is likely to be implied in the Question, the classical theory of radio-wave propagation round 
a spherical earth is available for the solution of this problem, since it is expressible mathematically 
in terms of a radius a without any restriction on its value other than the condition that 2n aj~k > 1. 
where X is the wavelength, in the same units as a. (For the Moon, the condition that 2 n  a/X =  10 
corresponds approximately to a frequency of 300 Hz.)

This concept has been developed with reference to diffraction round spherical or cylindrical 
hills [1], where various quantities are given graphically as functions of a certain parameter which 
is itself a function of the frequency, the radius, and the electrical constants under consideration. 
These quantities are related to such factors as the attenuation in decibels per radian of angular 
distance round the sphere in the diffraction region and the parameters in terms of which the 
height-gain function is expressed.

Within the horizon, the geometric-optical treatment with reference to reflection at a convex 
surface may be used within its limitations, and for small distances, where the effect of surface 
roughness may be dominant, the methods of dealing with propagation over irregular terrain are 
already available as described in Report 236-1.

For heights or distances from the Moon comparable with, or large compared with, the radius 
of the Moon, but for which the terminals are so placed that there is not a line-of-sight propaga­
tion path, approximate methods exist for treating the problem as a combination of free-space 
inverse-distance attenuation along the tangents from the terminals to the sphere and the diffraction 
loss, over the angular distance of that portion of the sphere, that prohibits a line-of-sight path.

It thus appears that all the essential information needed for the solution of this problem is 
available in a form that is readily adaptable to the parameters considered to apply to the curved 
surface of the Moon. Some work has in fact already been done along these lines for certain assumed 
electrical constants of the Moon [2] (see also Report 244, Geneva, 1963).
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REPO RT 337 *

PROPAGATION FACTORS AFFECTING TH E CALCULATION 
O F COORDINATION DISTANCE

(1966)

This Report is an interim reply to Question 14/IV relating to the calculation of coordination 
distance. Because of the short notice given for studying this Question and owing to the lack of 
data at present available, this Report must be regarded as provisional. Nevertheless, it is hoped 
that further studies will be possible within the next few months, which will lead to an improved 
Report being prepared at the time of the XHth Plenary Assembly.

The following propagation factors may have to be taken into account in the calculation of 
coordination distance:
— the effects of terrain,
— the effects of vegetation and buildings,
— the effects of tropospheric inhomogeneities,
— scatter from precipitation,
— scatter from aircraft.

Report 244-1 contains information which can be used to estimate the effects of terrain and 
tropospheric inhomogeneities, but does not deal with the effects of vegetation, buildings, scatter 
from precipitation or from aircraft.

Report 339 discusses the basic factors involved in the calculation of the strength of signals 
scattered from rain and can be regarded as an interim reply to Question 14/IV.

The Annex gives a method for deriving site shielding factors and is in reply to Question 14/IV.

ANNEX

SITE-SHIELDING FACTOR
1. Introduction

Study Group V has studied the questions raised in Question 14/IV concerning the site 
shielding factor to be used in calculating coordination distance, and is of the opinion that 
the values of this factor proposed at the Extraordinary Administrative Radio Conference, 
Geneva, 1963, are in general rather conservative. Moreover, Study Group V feels that it 
is not possible to give one table of site-shielding factors, independent of path length, and 
suggests that the following method should be used to calculate site-shielding factors.

The approach of the Extraordinary Administrative Radio Conference, Geneva, 1963, 
is to assume that only the elevation and distance of the radio horizon around the earth- 
station is known. Under these conditions, the most conservative assumption that can be 
made concerning the terrain profile is that the radio horizon comprises a knife-edge, beyond 
which the terrain is smooth and at sea-level (see Fig. 1).

2. Diffraction losses

The difference between the path loss over this assumed terrain profile, and the path 
loss for the same distance over a smooth earth, is the site-shielding factor. In general, this

* This Report, which was adopted unanimously, should immediately be brought to the attention of Study Groups 
IV and IX, and the International Working Parties established under Resolutions 2 and 3.
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will be positive, i.e. the obstacle will introduce additional attenuation. However, it will 
be seen from Fig. 1 that the angular distance between the obstacle and the assumed position 
of a radio-relay station is reduced, and it is possible that the consequent reduction in scatter 
loss may offset the increased loss due to diffraction over the knife-edge. In an extreme case, 
the knife-edge may be visible from both the earth-station and the radio-relay station, and 
the path loss might well be less than that over smooth earth and the site-shielding factor 
would be negative. This is the phenomenon known as “ obstacle gain ” .

The diffraction loss at the ridge may be calculated on the basis of the formula given 
in Report 244-1 and is only slightly dependent on the distance of the radio-relay station 
from the ridge, as long as this distance is at least twice the distance of the earth-station 
from the ridge. It may be assumed that the diffraction loss does not vary with time, since 
the effects of refraction in altering the angle of diffraction are negligibly small. However, 
natural mountain ridges depart considerably from perfect knife-edges and some allowance 
may be made for this fact. Methods are available for calculating the loss over rounded knife- 
edges, but their application is rather complex, and it is here proposed that an increase of 
5 dB in the diffraction loss be made to allow for the imperfection of natural knife-edges [1].

The path loss, exceeded for 99-9% of the time, between the obstacle and the radio­
relay station can be calculated by the method given in Report 244-1.

3. Additional losses due to tropospheric scatter

An alternative method for determining the additional loss due to the obstacle would 
be to assume that the only effect of the obstacle would be to increase the angular distance 
between the earth-station and the radio-relay station. This would be the case if the terrain 
beyond the obstacle were such as to preclude any reduction in the angular distance between 
the obstacle and the radio-relay station.

In this case, the increased loss can be determined by calculating the path loss by the 
method of Report 244-1, with the angular distance increased by the elevation angle of 
the obstacle as seen from the earth-station.

4. Method of calculation

As an example of the calculation of the site-screening factor by the methods outlined in 
§§2 and 3, consider the case of an obstacle 16 km the earth-station with an angle of elevation 
of 1° to 5°

4.1 Diffraction formula

The formula for diffraction loss relative to free-space, given in Fig. 4 of Report 244-1, 
can be written as:

D = 20 log!
J 2 * \ j

2 (dA +  dB) tanao tan (30 decibels where the symbols are defined

in Fig. 1. When a0 and (30 are less than 10° and dB is greater than 2 dA then the above for­
mula can be approximated within 2 dB, by:

D = 20 logx [ W t ] decibels.

The distance dA is very nearly equal to ES  the distance from E  to the screen and the 
diffraction angle 0 can be obtained from the formulae for curved earth geometry for given 
values of the angle of elevation of the top of the screen above the horizontal place through 
E. The variation of this diffraction loss D with 0* at 4 GHz and for ES  equal to 16 km is 
shown in the following Table:
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Diffraction loss, D, at 4 GHz

(degrees) l 2 3 4 5

0 (degrees) 1-6 2-8 4-0 5-1 6-2

Diffraction loss (dB) 38 43 46 48 50

When the antenna of the radio-relay station R  is within optical distance of the top 
of the screen, the diffraction angle 0 may differ from the value corresponding to the point H, 
but this alters the diffraction loss by less than 2 dB as long as R  is more than 30 km from 
the screen.

4.2 Calculation o f scatter path losses

Fig. 2 gives a curve for the loss L0 i between the earth-station and the radio-relay 
station in the absence of the obstacle. This curve was derived from Report 244-1, assuming 
antenna heights of 15 m and 50 m for the earth-station and radio-relay station respectively, 
and using the data appropriate to a continental temperate climate.

Other curves in Fig. 2 give the loss /o-i between the obstacle and the radio-relay station, 
for those obstacles at heights corresponding to angles of elevation between 1° to 5°.

4.3 Calculated site-shielding factors

The site-shielding factor, due to the effect of diffraction over a knife-edge obstacle, can 
now be determined as D +  Iq \ —L q \ decibels. This is plotted in Fig. 3 against total length 
of path, as the full-line curves. It will be observed that the curves show that the value of the 
site-shielding factor decreases to a minimum at a distance dependent on the angle of eleva­
tion and thereafter increases.

The dashed curves in Fig. 3 show the site-shielding factors determined by the method 
described in § 3. It will be seen that the site-shielding factors at first increase with distance 
and eventually reach a constant value.

Clearly, in the absence of any knowledge of the terrain profile beyond the obstacle, 
it is necessary to derive the site-shielding factor from the curves giving the lower value, after 
making the allowance of 5 dB for an imperfect knife-edge. It will be seen that it is not

T a bl e  II

Site-shielding factor (dB) 
Continental temperate climate

Angle o f elevation Distance (km)
(degrees) 100 150 200 300 400 500

1 20 15 1 11 8 8 8
2 0 ) 21 18 17 17 | 17
3 1 « C) | 23 23 23 | 23
4 11 C) C) 11 o 28 00 28
5 i1) C1) o 33 33 | 33

C1) In these cases it is considered unwise to state a value o f site-shielding factor, since 
it is likely to be very dependent on the actual shape o f the obstacle.
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possible to specify values of site-shielding factors that are independent of distance. However, 
it is possible to draw up the following Table giving site-shielding factors for various combin­
ations of distance and angle of elevation.

The values given in Table II may be applied to obstacles between 5 and 16 km from 
the earth-station. Nearer obstacles are likely to be within the near-in field region of the 
antenna beam, where the calculation methods do not apply.

Although the procedure described above relates to overland transmission in a conti­
nental temperate climate, it can also be applied to the other climates referred to in
Report 244-1.

5. Effect of precipitation scatter
On occasions, transmission via scatter due to precipitation may partly nullify the 

increased losses effected by obstacles. Information on this propagation mechanism is scarce 
and a knowledge of rainfall statistics is required.

Further information on this subject is given in Report 339.

B ib l io g r a p h y

1. C.C.I.R. Doc. V/48, 1963-1966.
Loss Lp

loss lp
Loss D

F ig u r e  1

Practical method fo r  calculating effective diffraction loss when a diffracting 
ridge is inserted in an otherwise non-optical path
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Length of path ER or SR (km)

F ig u r e  2

Transmission loss not exceeded for 0-1 % of time at 4 GHz for continental temperate 
climate for conditions indicated in Figure 1
A: /o-i for path ER
B: /o-i for path SR (6̂  =  1° screen Hr = 311 m)
C: /o-i for path SR (0S =  2° screen Hr — 590 m)
D: /o-i for path SR (0* =  3° screen Hr — 870 m)
E: /(vi for path SR (0L? =  4° screen Hr = 1155 m)
F: /(vi for path SR (0S =  5° screen Hr =  1425 m)

IU)O
4
(50

100 200 300

Path length (km)
400

F ig u r e  3

Site shielding-factor at 4 GHz for continental temperate climate 
(For 0-1 % of the time)

-----------due to diffraction
-----------due to tropospheric scatter

Rep. 337
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REPO R T 338 *

PROPAGATION DATA REQ U IRED  FO R  LINE-OF-SIGHT 
RADIO-RELAY SYSTEM S

(Study Program m e 5A/V)

(1966)

1. Introduction

In addition to the large amount of data collected in response to Administrative Circular 
AC/63 (see Report 241) and the relevant information contained in Report 244-1, it is pos­
sible to give some additional general information on propagation for the guidance of designers 
of line-of-sight radio-relay systems. In particular, statistical analysis of many path-loss 
recordings has enabled the preparation of general propagation curves which are described 
later in this Report.

2. Frequencies below about 1 GHz

For line-of-sight links operating on frequencies below about 1 GHz, it is possible in many 
cases to compute the expected statistical distribution of the transmission loss from an exa­
mination of the path profile, and from information on the long-term variations in the effect­
ive radius of the earth. Wherever possible, however, these computations should be verified 
by direct measurements of the transmission loss.

3. Frequencies above about 1 GHz

3.1 Terrain effects

For line-of-sight links operating at frequencies above about 1 GHz, diffraction theory 
indicates that the direct path between the transmitter and the receiver needs a clearance 
above ground of at least 60% of the radius of the first Fresnel zone, to achieve free-space 
propagation conditions. It is, however, necessary to make an allowance for possible sub­
refraction, and it is usual to do this by ensuring that the required clearance is maintained, 
even when the effective earth radius is reduced below its normal value. For example, 
radio-link designers in the United States of America and the United Kingdom often require 
that 60% of the first Fresnel zone radius shall be clear even when the effective radius of 
the earth is only 4500 km (K  — 0-7). However, an analysis of 300 000 hours of chart 
records obtained from 21 radio-relay sections in the United Kingdom [1], planned more 
or less in accordance with this clearance rule, has shown no instances of sub-refraction fading. 
It would therefore appear that the rule may be too conservative. Some Administrations 
require a ground clearance of a full Fresnel zone radius when the earth’s effective radius 
has its normal value of 8500 km (K  — 1-33). This is generally a smaller clearance than that 
required in the United States of America and the United Kingdom.

* This Report was adopted unanimously.
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When the statistics of sub-refractive conditions are known, it may be possible to replace 
this “ rule of thumb ” by a more accurate procedure which takes into account the actual 
expected sub-refraction occurring in various regions (see Report 237-1).

If the radio path traverses smooth terrain there is sometimes a possibility of reflections 
from the ground. This can result in phase interference and consequent fading. Under 
these conditions, it is desirable to avoid excessive path clearance which could exaggerate the 
effects of the terrain reflections.

To summarize, there is a large amount of evidence that a clearance of 60% of the first 
Fresnel zone, with an effective radius of the earth of 4500 km, is quite adequate to avoid 
fading due to sub-refraction. However, it is possible that a smaller clearance would be 
adequate and would occasionally be advantageous over potentially reflecting terrain. Un­
fortunately there is at present insufficient evidence to suggest by how much the clearance 
can be reduced with safety.

In addition to sub-refraction and reflection from the ground, experiments in the Federal 
Republic of Germany [2] have revealed that total reflection can occur in an atmospheric 
layer near the ground, this layer being connected mostly with mist or ground fog experienced 
over moist river valleys or moors. Some earlier work carried out in the United Kingdom [3] 
also shows correlation between fading and ground fog.

If the radio path crosses water, and the geometry of the path is such that the point of 
specular reflection falls on the water, very severe fading can occur, with minima occasionally 
deeper than predicted when using the two ray model. This behaviour may be represented 
by a model in which secondary waves, in addition to the two primary waves, are taken 
into account [7]. It is usual to avoid such paths. However, if such a path cannot be avoided, 
height or frequency diversity may be used to reduce the severity of the fading (see Report 
237-1). Alternatively, it has been found that if the path can be so arranged that the geo­
metrical point of reflection on the water is screened from one or other of the terminals by 
the terrain, even if the surface of the water is still visible from both terminals, the fading 
can be reduced considerably. However, experience on one over-water path 80 km long [4] 
has shown that it was very difficult to achieve transmission of complex signals, such as colour 
television, if the water was not completely invisible from at least one terminal.

3.2 Fading statistics u

The analysis of the 21 paths in the United Kingdom, referred to above, has shown 
that to a first approximation, the fading depth, relative to the free-space signal level, exceeded 
for a small percentage of time, is a function of the path length. It also depends on the type 
of terrain traversed, but it is not very dependent on the frequency within the range 2 to 9 GHz.

However, work carried out in France [5], on paths over 100 km long, indicates that 
the fading depends only to a small extent on the nature of the terrain, and the frequency 
dependence is more marked.

The results of the United Kingdom and French tests have been found to be fairly compa­
tible, bearing in mind that the lengths of paths concerned differed considerably. For the 
general guidance of designers of radio links in Europe, the provisional curves of Fig. 1 
have been derived from the United Kingdom and French results. These curves give the 
distribution of fading depth during the worst month of a year, relative to free-space, for 
various path lengths, for average terrain, and for the climate of North-Western Europe. 
The frequency is 4 GHz. Under these conditions, the curves fit the original data with an 
r.m.s. error of about 4 dB. Great care should be exercised in applying these provisional curves 
to any other conditions of climate, terrain, or path clearance.
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First order corrections for different frequencies are as follows: At 2 GHz, the fading 
depth exceeded for 1 % of the time is less than that given in Fig. 1 by an amount varying 
from 0-5 dB for 50 km to 5 dB for 250 km. At 6 GHz, the fading depth exceeded for 1 % 
of the time is greater than that given in Fig. 1, by an amount varying from about 1 dB for 
50 km to 6 dB for 250 km.

For paths less than 100 km in length over fairly smooth terrain, the fading depth exceeded 
for 0-01 % of the time is about 6 dB greater than shown in Fig. 1, and if the path crosses 
water, moist river valleys, or moors, the fading depth may be 12 dB greater than shown 
in Fig. 1. Observations on a 100 km path, using a frequency of 6 GHz, have shown that even 
on a rough path considerable fading may occur [8].

The method of calculation of the statistical distribution of the depth of fading, taking 
account of path length, contour of terrain, climate, height of antenna, and frequency used in 
the U.S.S.R., is given in [6].

3.3 Diversity reception

On short over-water paths, space-diversity effects can be represented by a two-ray model. 
On longer paths, diversity techniques may be required over both land and water, although 
the two-ray model is no longer applicable.

Studies carried out in the Federal Republic of Germany have shown that diversity, 
with the antennae spaced vertically by 50 wavelengths, reduces fading due to multipath 
propagation. Measurements across the English channel at 4 GHz show, that this spacing 
is inadequate when signal defocusing occurs, and vertical antennae spacings of 700 to 1400 
wavelengths may then be required. In Italy, four paths have been examined and it has been 
found that for paths of length greater than 100 km, the space-diversity improvement obtain­
able is only that expected from uncorrected signals.

Frequency diversity measurements have been made at 2-5 GHz in the Federal Republic 
of Germany and at 2 GHz in Italy [2, 7], where it has been found that on paths of length 
50 to 70 km, a frequency separation of 150 to 200 MHz is required for efficient diversity, 
but that on paths of length 120 km, the frequency separation may be reduced to 80 MHz.

4. Conclusions

The information given above gives some general guidance to designers of line-of-sight 
radio-relay links. Although a large amount of data has contributed to this information, 
it is not possible as yet to provide more precise guidance and the Report should be used 
with some caution. In particular, it is not possible to state precisely the effect of reducing 
the path clearance well below that required by the simple rules given in § 3.1. It is known 
that for paths very near grazing incidence, losses of the order of 30 dB above the free-space 
loss can be expected to occur for at least 10% of the time. However, no long-term propaga­
tion statistics are yet available for links where the path clearance is well clear of grazing inci­
dence although still less than required by the rules given in § 3.1.
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REPO R T 339 *

INFLUENCE O F SCATTERING FR O M  PRECIPITA TIO N  

O N  TH E SITING O F EARTH STATIONS

(Study Program m e 5D/V)

(1966)

1. Introduction

Recent work [1,2] has shown that scattering from precipitation may be an important 
factor in determining the probability of interference between an earth station and a terrestrial 
radio-relay station operating on the same frequency. In view of the urgent need for estimates 
of coordination distance, this preliminary contribution has been prepared to provide some in­
formation one the time-distribution of the magnitude of scattering from rain, with special 
reference to those conditions in which this factor is likely to be the dominant one in deter­
mining the value of the interference field exceeded for small percentages of the time.

The interference effects appear to fall into two main categories. The first is long-range 
interference occuring at separations of hundreds of kilometres, when major portions of 
the two beams intersect in a high, strongly-scattering thunderstorm. The second may occur 
at separations of less than 100 km when heavy precipitation, at any altitude, is present in 
the side-lobes of the antennae patterns. Only the first mechanism is considered in this Report.

2. Basis of method

The method assumes that the transmission loss (equal to 10 log, PtIPr), associated with 
scattering from rain between two points on the surface of the earth, may be calculated from 
the general equation:

Pr/Pt = (GAlted*) (7)u/4to/J) (G5x2/471) 
where Pr and Pt are the received and transmitted powers respectively,

Ga and GB are the gains of the terrestrial-station and eart-station antennae 
respectively,

dx and dB are the respective distances from terrestrial and eart-stations to 
the scattering region,

u is the scattering volume,
X is the wavelength, 

and y) is the Scattering cross-section per unit volume.

It is further assumed that the radio-relay station has an antenna about two metres in 
diameter with the beam directed close to the local horizon. The earth-station is assumed 
to have an antenna of 25 m or more in diameter, with the beam elevated at angles of 3° or 
more above the horizon. The results given in this Report have been obtained from calculations 
of the volume common to the two 3 dB beamwidths and from values of tj obtained from 
radar studies. Isotropic scattering is assumed and no account has been taken of the effect 
of scattering from rain in the side-lobes of the antennae patterns.

* This Report was adopted unanimously.



With these assumptions it may be shown that [6]:

PrfPt =  ^ (for rain filling the common volume) (1)4 TC sin u

where 0 =  angle between the antennae beams.

But rj sa Z/3-6 x 1015 X4, where Z  is the reflectivity factor, in mm6/m3, and X is in m. 

Therefore, PJP, =  R  dJ,?* f with dA and X in m. (2)

Equations (1) and (2) assume antennae of high efficiency, with effective apertures approxi­
mately equal to the geometrical apertures. For the practical case being considered, with 
antennae of 60-70% efficiency, we may write:

Pr,Pt ** Y d A X2̂ sin 0 x 1017 (3)

This equation is used for deriving the results in this Report and is valid for transmission 
in either direction.
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3. Data on reflectivity factor

For a useful solution to this problem, even approximate, it is necessary to assume a 
distribution of precipitation reflectivity-factor based on uniform sampling in time and space 
(Doc. V/119, 1966). Although many interesting vertical profiles have been published, the 
only results based on regular, comprehensive sampling at several heights over an extended 
horizontal area are those from Montreal, Canada, for five summer months of 1963, including 
most of the year’s thunderstorms [3, 4]. From these data it was determined, for example, 
that the reflectivity factor, Z, at any height, which was exceeded no more than 0-01 % of 
the 5 months could be approximated by:

h =  —4-15 log Z  +  22-7, 0 <  h < 6 km
h =  —2-14 log Z  +  14-6, 6 km <  h < 21 km
Z  =  0, 21 km <  h

Although these data were taken with a 3 cm radar, they have been suitably corrected for 
attenuation. From a study of the monthly variations, it is considered that the above repre­
sentation is appropriate for 0-02% of the worst month, July.

The limited sample of data for only one geographical area precludes determination of 
the results to be expected for other years or other locations. Without further study, it is 
not possible to compare the Montreal climate used and others of interest in any conclusive 
manner, but it is similar to that of Milan in total annual rainfall and in maximum daily 
rainfall. Such extrapolations from surface observations must be made with caution, as it 
is known that there may sometimes be high reflectivity aloft without accompanying rain 
at the surface.

An estimate of the maximum interference likely to be encountered may be obtained 
from [5], which reports a slowly-moving hailstorm about 6 km in height and 6 km in diameter 
with a value of Z  of 1 x 107, maintained for several hours. This represents an increase of about 
15 dB over the values given by the curves of § 5.

In some locations, the worst month may be characterized by widespread precipitation 
at heights of no more than a few kilometres. In such locations, the interference is likely 
to be limited to situations in which the separation of transmitter and receiver is not more 
than 250-300 km.
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4. Results

The probability of interference by an unwanted signal is the probability that the wanted- 
to-unwanted signal ratio is less than a minimum tolerable value for a given percentage of 
the time. Figs. 1, 2, and 3 indicate the worst cases for 6 GHz in the following manner. An 
earth station, ES, with an antenna 26 m in diameter pointed at fixed angles of elevation, 
Ee , of 3°, 7-5° and 30° respectively, is imagined to be at the origin aimed to the right as 
shown. A terrestrial station, with an antenna 1-8 m in diameter at an elevation, Et , of 0°, 
is assumed to be located at points on the plane with azimuths such that the axis of the beam 
intersects the axis of the earth-station beam. Loci of terrestrial station positions producing 
constant values of the ratio PtIPr are plotted. If, for example, —115 dBW is the maximum 
permissible level of unwanted signal at the terrestrial input to the receiver and the power of 
the earth-station transmitter is 10 kW, 40 dBW, then the curve marked 155 dB (transmission 
loss) indicates the region outside of which a radio-relay antenna will not receive harmful 
interference for more than about 0-02%; or 0-005% of the worst month. The above trans­
mission loss is understood to include about 100 dB in antenna gains, corresponding to the 
antenna sizes given above.

For given station and storm locations, the ratio Pt/Pr may be assumed to vary directly 
as the third power of the wavelength and inversely with the diameter of the smaller antenna. 
It is relatively independent of the diameter of the large antenna (see Eq. (3)).

As the interference discussed here cannot usually be reduced by site-shielding and can 
require large separation distances, it is necessary to consider the probability of occurrence 
of the severity indicated on the figures. Regarding precipitation intensity, no more can now 
be said than at the end of § 3. Regarding the geometrical considerations, however, preli­
minary calculations have been made with the following results. If a terrestrial radio-relay 
station, with a beam at random azimuth and 0° elevation, is located at random on a circle 
about an earth station with a beam elevation near 3°, the probability of Pt/Pr being as 
small as 155 dB for as much as 0-02% of the time is 0-04 at 200 km and 0-015 at 300 km.

Some calculations using Eq. (3) have also been made using rainfall data from the United 
Kingdom [6] assuming a frequency of 4 GHz, an antenna gain, Ga =  46 dB at the terrestrial 
radio-relay station, and an angle of elevation of the earth-station beam of 5°. When the 
two beams intersect off the great-circle path between two stations 100-200 km apart, the 
value below which the transmission loss may fall for 1, 0-1 or 0-01 % of the time (assuming 
scatter from rain in the common volume), is 33-50 dB less than that assuming isotropic 
antennae and tropospheric scatter via the great-circle path (see for example the data in Re­
port 243).

5. Conclusions

The results in this Report indicate that interference caused by scattering from preci­
pitation may be important when the beams of a terrestrial radio-relay system and an earth- 
station intersect. This interference cannot always be reduced by site-shielding. The pro­
bability of the beams intersecting is small and as yet there have been no reported occurrences 
of such interference in operational systems. However, much more work is necessary to 
evaluate more fully the effects of precipitation scatter in all types of climate, taking account 
of scattering via both the main beams and side-lobes in the antennae patterns.

Note. — The theoretical results presented in this Report are based on a number of assump­
tions and the data must therefore be used with caution. Administrations are requested 
to carry out the largest possible number of measurements to verify and expand the data in 
this Report.
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STUDY GROUP V

(Propagation over the surface of the earth and through the non-ionized regions
of the atmosphere)

Terms o f reference

To study all matters relating to the propagation of radio waves over the surface of the earth 
and through the non-ionized regions of the atmosphere, in so far as they concern radiocommuni­
cation.

Chairman: Dr. R.L. Sm ith-R ose, C.B.E. (United Kingdom)
Vice-Chairman: Dr. A. K a l in in  (U.S.S.R.)

INTRODUCTION BY THE CHAIRMAN, STUDY GROUP V

1. Meetings

Two meetings of the Study Group were held between the Xth and Xlth Plenary As­
semblies of C.C.I.R. in Geneva, 1963 and in Oslo, 1966. The first of these was an Interim 
Meeting of Study Group V, Geneva, 1965, while the second took place in Oslo, 1966, 
immediately prior to the Xlth Plenary Assembly. It was an advantage that the 1965 meeting 
was held after the corresponding Interim Meeting of Study Group IV, Monte Carlo, 1965, 
as a number of questions which has arisen in connection with the development of space 
communications were referred to Study Group V for consideration and report. These 
were discussed and rationalized in Oslo, during the meetings of both Study Groups.

2. Documentation and Working Parties

Following the issue in August 1965 of the booklet containing the conclusions of the 
Interim Meeting, nearly forty additional documents were distributed to the Study Group 
at Oslo. This whole documentation was divided among six Working Parties under the follow­
ing headings:

— transmission loss;
— radio-meteorology;
— tropospheric propagation curves;
— propagation data required for radio-relay systems;
— propagation data of interest to JStudy Groups IV and V ;
— definitions of terms relating to propagation in the troposphere.

During the various meetings of these Working Parties the programme of the Study 
Group was reviewed, and some rationalization of its subject matter was carried out. As a 
result there are now five basic Questions before the Group and an equal number of Study 
Programmes, the pursuit of which should eventually provide the technical answers to the 
problems which stimulated the Questions. The present position of the work achieved at 
the recent Plenary Assembly is summarized in the following sections.
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3. Questions

3.1 There are two basic Questions referring to conditions in which the nature and properties 
of the terrain are the main, but not the exclusive, factors determining the propagation of 
radio waves. These are:

Question 1/V: Ground-wave propagation over inhomogeneous earth.
Question 3 /V : Effect o f tropospheric refraction at frequencies below 10 MHz.

3.2 Next, considering the general problem, in which the propagation of radio waves over a 
wide band of frequencies is determined by the properties of the atmosphere through which 
the waves travel, the following basic Question falls within the scope of radio-meteorology.

Question 2/V: Influence on the non-ionized regions o f the atmosphere on wave propagation.
3.3 Turning to the practical application of radiocommunication systems using very high 

frequencies, two Questions have been formulated, designed to stimulate investigations, the 
results of which can help in the development of such systems.

Question 5/V: Propagation data required for terrestrial radio-relay systems and communi­
cation-satellite systems.
Question 4/V: Fading o f multipath signals propagated by the troposphere.

4. Study Programmes

To seek answers to the above Questions, the following Study Programmes were adopted 
in Oslo:

Study Programme 5A/V: Propagation data required for line-of-sight radio-relay systems.

Study Programme 5F/V: Site shielding-factor to be used in calculating coordination 
distances.
Study Programme 5E/V: Influence o f scattering from precipitation on the siting o f  
earth stations.
Since it is envisaged that in the future, the expansion of communications may necessitate 

the sharing of bands of frequencies, the following Study Programme was adopted:

Study Programme 5D /V: Propagation factors affecting the sharing o f the radio-frequency 
spectrum between space and terrestrial radio-relay systems.
Finally, with the specific object of assisting the broadcasting and mobile radio services, 

the following Study Programme was formulated:

Study Programme 7A/V: VHF and UHF propagation curves in the frequency range 
30 MHz to 1 GHz.

5. Recommendations

Based upon the results of investigations conducted into these subjects in various parts 
of the world, a number of Recommendations were adopted at the Xlth Plenary Assembly. 
These are designed to assist both the research scientist and the practical engineer in the ad­
vancement of radiocommunications at frequencies at which these are dependent on the pro­
perties of the troposphere.

First we have:
Recommendation 310-1: Definitions o f terms relating to propagation in the troposphere,

with which may be associated:
Recommendation 369-1: Definition o f a basic reference atmosphere.
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5.1 Next there is the matter of describing, in a practically useful form, the nature of the radiation 
from the various types of antennae used in communication systems.

Recommendation 168-1: Presentation o f antenna radiation data.

5.2 Finally, there is the compilation of a set of reliable curves from which the practical engineer 
may estimate the field strength that will be obtained over a wide range of frequencies, for 
various distances of transmission over land, sea and mixed terrain. A comprehensive set 
of graphs, applicable to the VHF and UHF bands (30-250 and 450-1000 MHz respectively), 
is incorporated in the following document with advice as to their use in the practical planning 
of broadcasting and mobile services, as distinct from point-to-point communication links.

Recommendation 370-1: VHF and UHF propagation curves for the frequency range from
30 M Hz to 1 GHz.

6. Reports

The results of investigations conducted during the past three years in various parts 
of the world on the different problems presented by radio-wave propagation through the 
troposphere, are incorporated in twelve Reports printed in this volume (Reports 228-1, 
231-1, 233-1, 234-1, 236-1, 237-1, 241-1, 244-1, 337, 338 and 339).

The subjects reported upon range from methods of measuring field strength under 
various conditions, to the problems of fading, scattering and the effect of irregular terrain 
over the path of transmission.

The extended scope of the Study Group of the investigation of propagation phenomena 
outside the earth’s ionosphere is illustrated by Report 336, which deals with frequency 
utilization above the ionosphere and on the far side of the Moon. This may be an indication 
as to what the future holds in store for the continued work of Study Group V.



Q. 1/V — 188 —

Q U ESTIO N  1/V *

GROUND-WAVE PROPAGATION OVER INHOMOGENEOUS EARTH

(1965 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that the problem of amplitude and phase variations in ground-wave propagation, resulting 
from the non-uniformity of the electrical constants, both vertically and horizontally, is of 
great importance in:
— the prediction of the service areas of radio transmitters;
— the accuracy of navigational aids and direction-finding equipment;
— the effect of coastal refraction on the use of such aids and equipment;

(b). that the rigorous mathematical analysis so far refers mainly to idealized models including:
— one or more boundaries between regions of different electrical constants normal to the 

path, with possible discontinuities in height;
— horizontal stratification;
— spherical earth;

u n a n im o u sly  decides that the following question should be studied:

1. the refinement of methods for measuring the values of the equivalent permittivity, s, and 
conductivity a for a path, for portions of a path, or for local areas for various frequencies;

2. the obtaining of more experimental results for amplitude and phase of the ground-wave 
along the path, especially in combination with simultaneous measurements of s and cr;

3. the further development of the mathematical analysis to include arbitrary variations of 
s and a, especially the cases of propagation obliquely to a boundary and of non-horizontal 
stratification, and also the simultaneous treatment of surface irregularities and inhomoge­
neous earth constants;

4. the reduction of analytical methods to a form which is convenient for engineering compu­
tation, or, alternatively, the comparison of the rigorous results with the results of semi-empi­
rical methods, to define more closely the limitation of the latter;

5. the further investigation of the utility of the method, which deduces the equivalent earth 
parameters from the measured dispersion of sferics;

6. the effect, on waves propagated over the surface of the earth, of changes in such factors as 
the temperature, vegetation, climate or other causes.

* Formerly Question 310(V).
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R ESO LU TIO N  3

INFLUENCE O F TH E N O N -IO N IZED  REG IO N S O F TH E A TM O SPH ERE
ON  WAVE PRO PA G A TIO N

(1963)
The C.C.I.R.,

CONSIDERING

(a) that the data presented in Report 233-1 should be kept under review in the light of new measur­
ements ;

(b) that there is a need to examine the usefulness of other parameters in radio-meteorological 
studies (see Question 2/V) for various climates;

(c) that there is a need to know the characteristics of absorption, refraction and sky noise in 
relation to space telecommunication systems (see Study Programme 5C/V);

UNANIMOUSLY DECIDES

1. that an International Working Group should be established, to continue the examination of 
all meteorological data relevant to the propagation of radio waves through the non-ionized 
regions of the atmosphere;

2. that the Working Group should propose revisions of Report 233-1, as these appear desirable:
3. that the Working Group should be composed of members nominated by the Administrations 

of France, U.S.A., U.S.S.R., Japan, Federal Republic of Germany and the United Kingdom, 
and that the coordination of the work of the Group should be undertaken by a member of the 
Administration of France;

4. that the Working Group should work in close collaboration with the International Working 
Group established under Resolution 2;

5. that, as far as possible, the work of the Group should be conducted by correspondence;
6. that the Working Group should prepare a report prior to the X llth Plenary Assembly of 

the C.C.I.R.

Q U ESTIO N  2/V *

IN FLUENCE O F T H E N O N -IO N IZED  REGIONS 
O F TH E A TM O SPH ER E O N  WAVE PROPAGATION 

Radio-meteorology
(1966)

The C.C.I.R.,

CONSIDERING

(a) that the propagation of radio waves is known to be a function of the thermodynamic condi­
tions prevalent in the atmosphere and that numerous relevant measurements have been 
made;

* This Question replaces Study Programme 192.
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(b) that the detailed structure of the field in time and space is still insufficiently known and the 
lack of appropriate measurements makes it impossible to explain the details of radio-wave 
propagation characteristics ,on the basis of existing theories;

(c) that the propagation studies required for the establishment of a radio circuit of any length, 
necessitate a statistical knowledge of the propagation medium, that is, of the atmosphere:

decides that the fo llow in g  qu estion  should  be studied:

1. what are the most appropriate methods and instruments for studying the variations of those 
thermodynamic parameters of the atmosphere which affect wave propagation (see Annex, § 1);

2. what are the variations in space and time of the refractive index of the air and of its vertical 
gradient;

3. what is the influence on wave propagation of the various constituents of the atmosphere, 
such as water vapour, oxygen, cloud, rain, snow, fog, sand, etc., and in particular:
— what are their statistical and geographical distributions;
— what are the space and time correlation characteristics of each of the factors;

4. what are the radio-meteorological parameters, other than those mentioned above, which may 
be useful in radio wave propagation;

5. what is the correlation between the different radio-meteorological parameters in various 
climatological situations and the characteristics of the transmission loss in terms of their 
median value, their range and rate of variation and the signal distortion encountered;

Note 1 — Administrations and private operating agencies should be asked to supply full 
data on the refractive index and the vertical gradient, to complete the work on world 
radio-climatology described in Report 233-1 (see Annex), and to make a large number of 
detailed and accurate measurements, to check the various theories put forward to explain 
propagation.

Note 2 — This Question has taken into account Recommendations Nos. 4 and 5 of the 
Aerological Commission of the W.M.O. and should be brought to the attention of the 
W.M.O. by the Director, C.C.I.R. with particular reference to § 1 of the Annex.

Note 3 — This Question should be brought to the attention of the U.R.S.I. by the Director, C.C.I.R.

ANNEX

1. The thermodynamic measurements, intended for the calculation of the refractive index 
of the air and its gradient should, if possible, be determined at distances not more than 
10 m apart and with an accuracy no less than:

Temperature : =t 0-2° C,
Humidity (mixing ratio) : ±  0T gm/kg, 

continuous measurement equipment should preferably be used.

2. The refractivity N should be used as defined by the formula:
N =  (77-6/T) (p +  4810 e/T),
T  =  absolute temperature (°K),
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e =  water-vapour pressure (mb), 
p  =  atmospheric pressure (mb).

The information provided should, if possible, cover a period of at least five years.

It should be assumed that the seasons can be represented by the months of February, 
May, August and November and the hours of measurement should, whenever possible, 
be at the even hours, local meridian time. Since the determination of AN  is dependent 
upon data from radio-sonde ascents, the times at which these are made must necessarily 
be used, though every effort should be made to make these measurements as extensive as 
possible.

Q U ESTIO N  3/V *

EFFECTS OF TROPOSPHERIC REFRACTION 
AT FREQUENCIES BELOW 10 MHz

(1951 -  1953 -  1956 -  1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that the ground-wave propagation curves for frequencies below 10 MHz, submitted with 
Recommendation 368, make no allowance for tropospheric refraction;

(b) that the effect of the troposphere is taken into account in the C.C.I.R. Atlases of ground- 
wave propagation on frequencies above 30 MHz, by the use of an effective radius of the earth 
4/3 times its real value;

(c) that the effect of tropospheric refraction will decrease with decreasing frequency;

(d) that experimental data and mathematical analyses relating to this subject are described 
in Report 235;

(e) that allowance for these effects is likely to be important down to frequencies at least as low 
as 10 kHz and out to very large distances, in connection with the development of navigational 
aids employing pulse techniques which rely for their accuracy on the ground-wave mode 
of propagation;

(f) that suitable mathematical models for describing the tropospheric refractive index as a 
function of height are given in Report 231-1;

u n a n im o u sly  decides that the following question should be studied:

1. what further measurements of ground-wave field strengths, including those using pulse 
techniques, over a sufficiently long path of uniform conductivity, such as a sea path, are 
necessary to determine experimentally the modification of the ground-wave curves required 
to include the effects of tropospheric refraction at frequencies below 10 MHz;

2. how should the mathematical analysis relating to ground-wave propagation be interpreted, 
to include the effects of tropospheric refraction at frequencies below 10 MHz;

3. what is the influence of tropospheric refraction on the phase of the ground-wave?

* This Question replaces Study Programme 246A.
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Q U ESTIO N  4/V

FADING O F M U LTIPA TH  SIGNALS PROPAGATED BY T H E TR O PO SPH ER E

(1966)
The C.C.I.R.,

CONSIDERING

(a) that the performance of tropospheric communication systems using line-of-sight, diffraction 
and tropospheric scatter, is determined by signal characteristics which may be degraded by 
multipath and fading phenomena;

(b) that diversity-reception-systems (e.g. time, space and frequency diversity) may be engineered, 
to take advantage of the propagation characteristics and to improve system performance;

u n a n i m o u s l y  d e c id e s  that the following question should be studied:

in the various frequency bands used in radiocommunication by means of the troposphere, 
what are:

1. the long-term and short-term time variabilities of transmission loss and bandwidth as a 
function of frequency, path geometry including distance and type of terrain, meteorological 
conditions, propagation mechanism, time of day, season of the year and geographical 
location;

2. the variabilities of transmission loss and of bandwidth with antenna location and pattern 
at a given instant as a function of the same parameters;

3. the variabilities of transmission loss and of bandwidth with frequency at a given time and
location, also as a function of the same parameters;

4. the time and space distributions of fading (e.g. Rayleigh, normal and log-normal);

5. the real and complex power spectra and autocorrelation functions to specify the time varia­
bility of the fading characteristics;

6. the real and complex cross-correlation functions between signals received simultaneously 
on locally spaced antennae, to specify the variability in space of the fading characteristics;

7. the real and complex cross-correlation functions between signals received simultaneously on 
spaced-carrier frequencies, to specify any variability in frequency of the fading characteristics;

8. the relations, for the received signals, between the frequency- and space-correlation functions 
in order to specify the combined effects of frequency- and space-diversity;

9. the effects of fading on the performance of various types of radiocommunication systems
including wide-band systems and systems employing diversity;

* This Question replaces Study Programmes 57 and 176 and should be studied in relation with 
Question 13/IX.
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10. the causes of fading including the characteristics of the various possible sources of multipath 
such as reflections from the earth’s surface, terrain and tropospheric irregularities;

11. the development of engineering methods necessary to improve the performance of tropo­
spheric radio communication systems operating in ithe presence of fading?

PRO PA G A TIO N  DATA REQ U IRED  FO R  TERRESTRIAL RADIO-RELAY 
SYSTEM S AND COM M UNICATION-SATELLITE SYSTEM S

(a) that the quality of communication by terrestrial radio-relay systems or by communication- 
satellite systems is determined by the propagation characteristics of the waves used, espe­
cially as regards the highest values of basic transmission loss that may occur;

(b) that interference between different systems may occur at very great distances, particularly 
when values of basic transmission loss are low;

u n a n i m o u s l y  d e c id e s  that the following question should be studied:

what are the propagation characteristics of paths over which radio-relay and communication- 
satellite systems, conforming with Recommendations of the C.C.I.R. regarding system per­
formance and mutual interference are to be established?

(a) that, in planning a communication network, it is necessary to define the overall system 
performance achieved for given percentages of the time;

(b) that designers of radio systems in the VHF (metric), UHF (decimetric) and SHF (centi- 
metric) bands require to know, from the viewpoint of sustained satisfactory operation, the

* Formerly Question 311(V).
** Formerly, Study Programme 311A(V).

Q U ESTIO N  5/V *

The C.C.I.R.,
(1953 -  1956 -  1959 -  1966)

CONSIDERING

STU D Y  PR O G R A M M E  5A/V **

PRO PA G A TIO N  DATA REQ U IRED  
FO R  LIN E-O F-SIG H T RADIO-RELAY SYSTEM S

(1963 -  1966)
The C.C.I.R.,

CONSIDERING

13
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tropospheric propagation characteristics and the resulting transmission loss (see Recom­
mendation 341), that is not exceeded for a large percentage of the time for each particular 
frequency band over the working range, which may extend from several tens of kilometres 
up to more than 200 km for certain links between elevated sites;

(c) that the planning of systems requires a knowledge of the seasonal distribution curves, as 
functions of time, of the transmission loss for the most unfavourable season or month;

(d) that, for interference studies, it is necessary to know the quasi-minimum value of the trans­
mission loss on the path from the interfering transmitter;

(e) that the bandwidth of the system may be limited by the effects of multipath propagation;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. the distribution with time of the instantaneous value of basic transmission loss in the VHF 
(metric), UHF (decimetric), and SHF (centimetric) bands for each month of the year (Note);

2. the signal levels for given percentages of time corresponding to the most unfavourable 
month, the most favourable month and those corresponding to the whole year;

3. the dependence of the distributions found on the path length, the climate, the nature of 
the terrain over which the path passes and the clearances of the antennae;

4. the extent to which the distributions found can be described by simple statistical laws;

5. the limitations imposed on transmission by the effects of multipath propagation and how 
may these be overcome;

6. the limitations on the use of the system imposed by solar noise and noise from other external 
sources ?

Note. — To meet the needs of Study Group IX, priority should be given to measurements 
to establish the magnitude of interfering fields at 6 and 11 GHz with antennae representative 
of practical systems, over representative paths and at longer distances.

Study Group IX particularly requires:

— the value of basic transmission loss not exceeded for 99-998%, 99-99%, 99-9%, 99%, 
80%, 50%, 20%, 1%, 0-1%, 0-01% and 0-002% of each month of the year;

— that the measurements be made in such a way that the distribution of the values of 
noise power (dependent on transmission loss) at the output of a system, averaged over 
5 ms, 1 s, 1 min and 1 hr, can be derived.

It is recognized that, in practice, estimates of transmission loss, not exceeded for time 
percentages less than 1 % and greater than 99 %, will be much less reliable than those for 
time percentages between 1% and 99%.
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STU D Y  PR O G R A M M E 5B/V *

PROPAGATION DATA REQUIRED 
FO R  BEYOND-THE-HORIZON RADIO-RELAY SYSTEM S

(1963)
The C.C.I.R.,

CONSIDERING

(a) that, in the planning of a communication network, it is necessary to define the overall system 
performance achieved for a given percentage of the time;

(b) that designers of radio systems in the YHF (metric), UHF (decimetric) and SHF (centimetric) 
bands require to know, from the viewpoint of sustained satisfactory operation, the tropos­
pheric propagation characteristics and the resulting transmission loss, that is not exceeded 
for a large percentage of the time for each particular frequency band, over the distance 
corresponding to the service range, which may extend from about 200 km to more than 
500 km;

(c) that the planning of systems requires a knowledge of the distribution curves, as functions of 
time, of the transmission loss for the most unfavourable month of the climatic zone under 
consideration;

(d) that, for interference studies, it is necessary to know the quasi-minimum value of the trans­
mission loss;

(e) that the bandwidth of the system may be limited by the nature of the mode of propagation 
employed;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. what is the distribution in time of the basic transmission loss (see Recommendation 341), 
in the VHF (metric), UHF (decimetric) and SHF (centimetric) bands, for each month of the 
year (the value of the path antenna gain being specified). The recording should be performed 
with an instrument having a time constant of one minute (other time constants may be used, 
should it appear desirable, but in all cases the time constant used should be specified) and 
especial importance should be attached to the quasi-maximum and quasi-minimum values 
of the transmission loss or field strength;

2. what are the levels for given percentage of time corresponding to the most unfavourable 
month, the most favourable month and those corresponding to the whole year;

3. which are the hours of the day for which the greatest transmission loss may usually be 
expected;

4. what is the distribution in time of the fluctuation of the level of the received signal about its 
hourly median value (other periods of time may be used to define the median value, but these 
periods should be stated), when the recording is made with a time constant as short as pos­
sible ;

5. how do the distributions depend on the climatic zone in which the path under consideration 
is located, and which distinct climatic zones should be taken into consideration, in view 
of the paucity of data relating to propagation in climates other than temperate. Adminis­
trations are urged to give special attention to the collection of data relating to other types of 
climate;

* Formerly Study Programme 311B(V).
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6. how do the distributions found depend on the frequency, the distance between the stations, 
the angle of elevation of the antennae at each terminal and on the nature of the terrain over 
which the path passes;

7. to what extent can these distributions be described by simple statistical laws;

8. what limitations on the bandwidth of the system are imposed by the propagation process 
employed (diffraction, partial reflection, scattering, etc.);

9. what limitations on the use of the system are imposed by the efforts of solar noise and noise 
from other external sources ?

Note. — The results of these studies should be presented in the form given in Administrative 
Circular AC/63.

STU D Y  PR O G R A M M E 5C/Y *

TR O PO SPH ER IC  ABSO RPTIO N  AND REFRACTION IN  RELATION 
TO SPACE TELECO M M U N ICA TIO N  SYSTEM S

(1963)
The C.C.I.R.,

CONSIDERING

(a) that certain constituents of the troposphere, including water vapour, oxygen, rain, snow, 
etc., are known to attenuate radio waves, particularly at frequencies in excess of about 
1 GHz and also to result in noise radiation at these frequencies;

(b) that the refractive index structure of the troposphere is known to affect the direction of 
propagation and coherence of the wave front;

(c) that the above factors are important in the design of space telecommunication systems;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. the measurement and development of methods of prediction of the attenuation of radio 
waves passing through the troposphere, as a function of frequency, angle of elevation, geo­
graphic location, time and constituents of the troposphere, including oxygen, water vapour, 
water droplets, the distribution of the sizes of the drops and rainfall rate, etc.;

2. the measurement and development of methods of prediction of the refraction, scintillation 
and coherence of the wave front of radio waves passing through the troposphere, as a function 
of frequency, angle of elevation, geographic location and time;

3. the measurement and development of methods of prediction of the noise radiation from 
atmospheric gases, clouds and precipitation.**

* The radio-meteorological aspects of this Study Programme, formerly Study Programme 311C(V), are 
considered in Question 2/V. The attention of the International Working Party, established under 
Resolution 2, is drawn to this Study Programme.

** The attention of the International Working Party on radio-meteorology, set up under Resolution 3, 
is drawn to those aspects of this Study Programme which concern radio-meteorology, and to 
Doc. V/75, Geneva, 1962, for their comments.
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STUDY PR O G R A M M E 5D/V *

PROPAGATION FACTORS AFFECTING TH E SHARING 
O F TH E RADIO-FREQUENCY SPECTRU M  

BETW EEN SPACE AND TERRESTRIAL RADIO-RELAY SYSTEM S

(1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that it is desirable to require coordination between countries only when there is real danger 
of interference;

(b) that coordination distances should be as short as possible with some margin of safety;

(c) that in the calculation of coordination and interference between systems, all pertinent pro­
pagation mechanisms should be taken into account;

(d) that separate detailed consideration of the mechanisms of interest in configurations close
to those in actual use will lead to improved accuracy and smaller required margins;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. determination of the most suitable method by which contributions of known tropospheric 
propagation mechanisms, including scatter from precipitation or aircraft, can be taken into 
account when considering the signal received over normal trans-horizon paths 50 to about 
2000 km (500 km with SHF) in length, particularly with reference to the signal strengths 
exceeded for small percentages of time, such as 0-01 %, 0-1 % and 1 % of a year; in particular, 
it should be determined to what extent the use of angular distance automatically allows for 
the high transmission loss usually associated with a high angle of elevation for the radio 
horizon at either end of the path;

2. determination of the distributions of signal amplitude and fading duration due to troposphe­
ric mechanisms such as ducting, precipitation scatter and aircraft scatter as indicated below:

— the amplitude distributions of greatest interest are the cumulative distributions of hourly 
medians exceeded 0-01, 0-1 and 1 % of the time, during periods of at least one year 
and also during the worst months, when the wanted signal is low or when the unwanted 
signal is high;

— path lengths of greatest interest are between 50 km and about 2000 km (500 km with 
SHF); over oceans in equatorial and tropical regions measurements could be useful up 
to much greater distances;

3. the possibility of dividing the world into broad zones, to show the relative importance 
of various propagation mechanisms, and the extent to which the field strength exceeded 
for small percentages of time depends on the dominant mechanism;

4. the experimental theoretical studies of the total losses over mixed paths, partly over obstacles 
and partly over smooth earth or sea;

* This Study Programme, formerly Study Programme 311E/V, has been drafted taking account of Question 
14/IV.
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5. the effect of using high-gain antennae, taking into account the various extreme cases of
interest, such as the following, which arise in considering communication-satellite and radio­
relay services at 4 GHz and 6 GHz:

5.1 the antenna at one end of the path may be assumed to have gain either close to unity, or 
about 40 dB, with the beam directed almost horizontally along the bearing of the other 
antenna;

5.2 the antenna at the other end of the path may have a gain of about 60 dB, with the beam
directed either well above the horizon or towards the other antenna at an angle of elevation
of about 3° above the horizontal. Radiation diagrams of large antennae at communication- 
satellite earth stations, for use in interference studies, are given in Report 391.

Note. — The results to be furnished under this Study Programme, particularly under § 5, 
are urgently required by Administrations and the I.F.R.B.

STUDY PR O G R A M M E  5E/V *

IN FLU EN CE O F SCATTERING FR O M  PR ECIPITA TIO N  
O N  TH E SITIN G  O F EARTH STATIONS

(1966)
The C.C.I.R.,

CONSIDERING

(a) that rain, hail, snow, and certain inhomogeneities in the refractive-index structure of the 
atmosphere may scatter radio waves more strongly and over wider angles than occurs under 
normal atmospheric conditions (see Docs. IV/79 (Canada) and V/153, 1963 -  1966);

(b) that studies of these phenomena need to be undertaken, so that antenna sites may be selected 
to minimize the total probability of interference;

(c) that the integration of expected scatter from precipitation existing somewhere in a volume 
of space visible to two antenna locations requires, for each small scattering sub-volume, 
a knowledge of the statistical distribution of directive gains for both antennae and the 
effective scattering cross-section per unit volume;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. determination of the range of angles in which the integrated scattering from precipitation 
can be considered as isotropic and, in general, determination of the relation between this 
range of angles and the scattering angle, polarization and frequency, in the range 1 to 10 GHz;

2. determination of the average distribution in time and space of observed values of effective 
scattering cross-section for volumes of the order of one cubic kilometre, as a function of:

* This Study Programme, formerly Study Programme 311D(V), was drafted taking into account Question 
14/IV. The attention of the International Working Party, set up under Resolution 3, is drawn to this 
Study Programme.
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— height above ground,
— time of day,
— season,
— climatic region;

3. the possible existence of a simple dependence of scattering cross-section on the rate of pre­
cipitation (mm of water per hour) in the case of rain, and also for other forms of precipi­
tation giving significant scattering.

Note. — To meet the needs of Study Groups IV and IX, priority should be give to measure­
ments to establish the magnitude of interfering fields at 4 and 6 GHz, with antennae repre­
sentative of practical systems and on representative paths.

STU D Y  PR O G R A M M E 5F/V *

SITE SHIELDING-FACTOR TO BE USED 
IN  CALCULATING COORDINATION DISTANCES

(1965 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that, in accordance with Recommendation No. 1A of the Extraordinary Administrative 
Radio Conference, Geneva, 1963, a coordination distance should be calculated for earth 
stations in the frequency bands shared between the space service and the fixed and mobile 
services;

(b) that in some instances, calculation of the coordination distance may involve the use of a 
site shielding-factor or an obstacle-gain factor, to allow for the influence of ground relief 
in the vicinity of an earth station;

(c) that diffraction loss over an isolated ridge may provide less site shielding than that repre­
sented by the values of Fs on page 188 of the Final Acts of the Extraordinary Administrative 
Radio Conference Recommendation No. 1A, while multiple ridges or rounded obstacles 
may provide more shielding;

u n a n i m o u s l y  d e c id e s  th a t  th e  f o l l o w i n g  s tu d ie s  s h o u ld  b e  c a r r ie d  o u t :

1 . d e te r m in a t io n  o f  th e  c ir c u m s t a n c e s  in  w h ic h  a l lo w a n c e  c a n  b e  m a d e  fo r  s i te  s h ie ld in g  o r  
o b s t a c le  g a in  in  th e  c a lc u la t io n  o f  c o o r d in a t io n  d is ta n c e s ;

2 . th e  s a fe  w o r k in g  v a lu e s  o f  s i te  s h ie ld in g - fa c to r s  w h ic h  c a n  b e  u s e d  in  th e  c a lc u la t io n  o f  
c o o r d in a t io n  d i s t a n c e s ;

3. th e  in f lu e n c e  o f  th e  s h a p e  o f  a n  o b s t a c le  a n d  a ls o  m u lt ip le  o b s ta c le s ;

* This Study Programme, formerly Study Programme 311F(V), has been drafted taking account of 
Question 14/IV. The attention of Administrations is directed to this Study Programme and to 
Doc. IV/93 (Japan), 1963-1966, in the hope that as much information of this character as possible may 
be made available before the Xllth C.C.I.R. Plenary Assembly for the preparation of a Report.
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4. the influence of path length, particularly when it is several hundred kilometres, on the value 
of the shielding factor or obstacle gain associated with a given obstacle in the vicinity of 
an earth station.

Note. — The results to be furnished under this Study Programme are urgently needed by 
Administrations and the I.F.R.B.

R ESO LU TIO N  2 *

TR O PO SPH ER IC  PROPAGATION DATA FO R  BROADCASTING, 
SPACE AND PO IN T-TO -PO IN T COM M UNICATIONS

(1963)
The C.C.I.R.,

CONSIDERING

(a) that the curves for broadcasting and mobile services attached to Recommendation 370-1 
should be kept under review, in the light of new experimental data;

(b) that there is also a need to know the tropospheric-propagation factors affecting the design 
of radio-relay systems and the sharing of the radio-frequency spectrum between them, 
including space and terrestrial telecommunication systems (see Study Programme 190(V));

(c) that new data relevant to both 1 (a) and (b) are continually becoming available, especially 
as a result of the request of the Director, C.C.I.R. in Administrative Circular AC/63;

UNANIMOUSLY DECIDES

1. that an International Working Party should be established, to continue the examination 
of all available data;

2. that the Working Party should propose revisions of Recommendation 370-1 as these appear 
desirable;

3. that the Working Party should study methods of determining, as accurately and concisely 
as possible, the transmission loss (see Report 244 which is a provisional answer to this 
problem) for point-to point communication systems, which will be readily usable by radio­
communication engineers (see Study Programmes 185A(V), 185B(V) and 190(V)) and prepare 
a report proposing, if possible, recommended methods of radio-propagation calculations;

4. that the Working Party should be composed of members nominated by the Administrations 
of France, Japan, Federal Republic of Germany, U.S.A., U.S.S.R. and United Kingdom 
and that the coordination of the work of the Party should be undertaken by the United 
Kingdom;

5. that the Working Party should work in close collaboration with the International Working 
Party established under Resolution 3;

6. that, as far as possible, the work of the Party should be conducted by correspondence;

7. that the Working Party should prepare a report prior to the X llth Plenary Assembly of the 
C.C.I.R.

* This Resolution replaces Resolutions 23 and 41.
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STUDY PR O G R A M M E 6A/V *

INFLUENCE O F IRREGULAR TERRAIN ON  T R O PO SPH ER IC  PRO PA G A TIO N

(1951 -  1953 -  1956 -  1959 -  1963)
The C.C.I.R.,

CONSIDERING

(a) that it is of great importance to pursue studies concerning propagation over irregular terrain;
(b) that propagation over high mountain ridges is proving to be of great practical significance;
(c) that the presence of obstacles on the path may modify, to a large extent, the mean value of 

the transmission loss, as well as the amplitude and duration of fading;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. measurement of the transmission loss over paths containing a single mountain ridge and 
comparison with the value calculated from diffraction by knife-edge;

2. influence of the existence of several obstacles on the one path;

3. influence of the radius of curvature and of the nature of the soil at the summit of a m ountain;

4. attenuation produced by the general roughness of the ground, known as terrain factor, 
both for the waves in the service area around a transmitter and for waves arriving from a 
distant transmitter;

5. the local variation of field strength at a given receiving area for a nearby and a distant trans­
mitter, and their correlation as a function of the irregularity of the terrain and of the directions 
of arrival of the incoming waves;

6. propagation guided along valleys;

7. propagation across valleys;

8. propagation in urban areas;

9. problems associated with the polarization of radio waves, as influenced by the irregularity 
of the terrain over which they are propagated;

10. variations of phase, as a function of the distance over irregular terrain;

11. influence of a substantial mountainous region, below the common volume of the transmitting 
and receiving beams, in propagation by tropospheric-scatter;

12. conditions for obstacle gain, namely when the signal received over a mountainous path is 
greater than if the earth were smooth;

13. influence of irregular terrain on both the short-term and long-term variations of transmission 
loss, especially under the conditions of obstacle gain.

* This Study Programme, formerly Study Programme 188(V), does not arise from any Question under 
study.
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STUDY PR O G R A M M E  7A/V *

YHF AND U H F PRO PA G A TIO N  CURVES 
IN  T H E FREQUENCY RANGE 30 M H z TO I  GHz 

Broadcasting and mobile service

(1963 -  1966)
The C.C.I.R.,

CONSIDERING

that the provisional propagation curves given in Recommendation 370-1 are based 
on data obtained mainly in Europe and in North America, using transmitting and receiving 
antennae generally of the order of 300 m and 10 m respectively above ground level, and that 
information is required not only for other regions or areas but for other antenna heights 
up to 30 000 m ;

u n a n i m o u s l y  d e c id e s  that the following studies ** should be carried out:

1. continuous recordings of field strength or transmission loss at frequencies between 30 MHz
and 1 GHz, over periods of up to several years, in as many parts of the world as possible 
and for distances of up to about 1000 km, covering as wide a range of climatic conditions 
as possible;

2. determination of corrections to the curves in Recommendation 370-1, to allow for the
effects of other conditions of climate, terrain and vegetation. The influence of buildings on 
reception at low heights also needs study;

3. investigations, over paths up to about 2000 km in length, of the effect of changing the height
of the transmitting or receiving antenna, bearing in mind that broadcast and land-mobile 
services may wish to use transmitting antenna heights of between 9 m and 1200 m and 
receiving antenna heights between 2 m and 150 m above ground, while aeronautical mobile 
services may use antennae at heights of up to about 30 000 m above ground;
Note. — Particular attention should be given to the immediate requirements of the aero­
nautical mobile service in the frequency band 100 to 140 MHz.

4. particular investigation of the problems of oversea paths and of mixed land and sea paths;

5. investigations, over various transmission distances between points on the ground, of the 
effect of using directional antennae and also of using antennae with beams inclined to the 
horizontal plane, including the inclination which may resuslt from the existence of an elevated 
or depressed horizon;

6. investigation of the statistical distribution of field strength, as a function of the location 
of the point of reception within a specified zone;

7. statistical analyses of the results of such experiments according to Recommendation 311, 
to extend the range of application of the curves of Recommendation 370-1.

* Formerly Study Programme 189(V)
** Many of these studies relate closely to Study Programme 5D/V.
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Doc.

V/l and 
Corr. 1

V/2

V/3

V/4

V/5

V/6

V/7

V/8

V/9

V/10

V/ll

V/12

V /l 3

LIST O F DO CU M EN TS CONCERNING STUDY G RO U P V 

(Period 1963-1966)

Origin Title Reference

France Propagation data required for line-of-sight 
radio-relay systems — Influence of long links

S.P. 185A

United States 
of America

Relative effectiveness of indoor and roof-top 
television reception — New York City UHF- 
television project

S.P. 189

United States Comparison of channel 31 measurements
of America with C.C.I.R. propagation curves in the

New York City UHF-television project

S.P. 189

United States 
of America

Height gain measurements for antennae 3-0 m New York City UHF
and 9-1 m above ground television project

Federal Socialist 
Republic of 
Yugoslavia

Influence of irregular terrain on tropospheric S.P. 188, §§ 2, 3, 6
propagation and 7

Federal Socialist 
Republic of 
Yugoslavia

Effects of tropospheric refraction at frequen­
cies below 10 MHz

S.P. 246A, § 2

Federal Socialist 
Republic of 
Yugoslavia

Ground-wave propagation over inhomoge- S.P. 246B, §§ 3 and 4 
neous earth

France Propagation data required for line-of-sight S.P. 185A and 192 
radio-relay systems — Determination of the 
necessary antenna clearance

United Kingdom VHF and UHF propagation curves for the S.P. 189
frequency range 40 MHz to 1000 MHz — Rec. 370
Broadcasting and mobile services

United Kingdom Influence of the non-ionized regions of the
atmosphere on wave propagation

United Kingdom Propagation data required for line-of-sight
radio-relay systems — Method for estimating 
the propagation fading on line-of-sight micro­
wave links in the United Kingdom

Rep. 234

Q. 185 
S.P. 185A

United States 
of America

Draft Question — Tropospheric radio-relay 
systems diversity techniques

United States 
of America

Draft revision of Recommendation 310 — 
Definitions of terms relating to propagation 
in the troposphere

Rec. 310
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V/14

V/15

V/16

V/17

V/18

V/19

V/20

V/21

V/22

V/23

V/24

V/25

V/26

V/27

Doc.

V/28

France

France

France

United Kingdom 

United Kingdom 

United Kingdom

United Kingdom

Origin

Federal Republic 
of Germany

Federal Republic 
of Germany

Federal Republic 
of Germany

Federal Republic 
of Germany

Federal Republic 
of Germany

Federal Republic 
of Germany

People’s Republic 
of Poland

People’s Republic 
of Poland

Title

Proposed modifications to Question 185 (V) 
— Propagation data required for radio-relay 
systems

Determination of reduction in antenna gain 
in beyond-the-horizon propagation

Limits on the use of the refractive index at the 
surface of the earth (for beyond-the-horizon 
circuits)

Coordination distance between space and 
terrestrial services in shared frequency bands

Influence of irregular terrain on tropospheric 
propagation — Screening effect of hills

Advantages to be gained by using orthogonal 
wave polarizations in the planning of broad­
casting services in the VHF (metric) and 
UHF (decimetric) bands

VHF and UHF propagation curves in the 
frequency range from 40 MHz to 1000 MHz- 
Broadcasting and mobile services — A new 
method for estimating field strengths over 
mixed land/sea paths at UHF

Radio transmissions utilizing inhomogene­
ities in the troposphere (commonly termed 
“ scattering ”)

Fading of signals propagated by the tropo­
sphere

Propagation data required for line-of-sight 
radio-relay systems — Propagation on 40 
to 140 km overland paths at frequencies 
between 400 MHz and 10 GHz

VHF and UHF propagation curves in the 
frequency range 40 MHz to 1 GHz — At­
tenuation produced by the general rough­
ness of the ground, generally termed “ ter­
rain factor ”

Influence of the non-ionized regions of the 
atmosphere on wave propagation

Influence of the non-ionized regions of the 
atmosphere on wave propagation

Radio-climatological data relative to the 
values of N0 for central Poland

Empirical method of evaluation of the attenu­
ation correction factor to VHF and UHF 
propagation curves for the frequency bands 
I to V

Q. 185
S.P. 185A, 185B, 

190 and 191

S.P. 139 and 185B 

S.P. 192

S.P. 190 

S.P. 188 

Rep. 122

Rep. 239

S.P. 139

S.P. 176 

S.P. 185A

S.P. 188 and 189

S.P. 192 

S.P. 192 

S.P. 192 

S.P. 189

Reference
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V/29

V/30

V/31

V/32

V/33

V/34

V/35

V/36

V/37

V/38

V/39

V/40

V/41
(1/19)
(H/29)

V/42

Doc.

V/43

Origin Title

Japan

C.C.I.R. Secretariat

Influence of irregular terrain on tropospheric 
propagation — Long-term properties of UHF 
path loss and multipath distortion on over- 
the-horizon radio links over a path with 
obstacle gain

Submission of Docs. I V/l 48; IV/115 (Rev.l); 
IV/122 (Rev. 1); IV/123; IV/125 (Rev. 3); 
IV/129; IV/142 (Rev. 1); IV/146.

C.C.I.R. Secretariat Note by the Director a. i. C.C.I.R.

Chairman, 
Study Group V

United Kingdom

People’s Republic 
of Poland

Propagation over the surface of the Earth and 
through the non-ionized regions of the atmo­
sphere

Study of possibilities of interference occurr­
ing between earth stations and terrestrial 
stations sharing the same frequency-bands 
and located within the coordination distance 
— Presentation of data for calculating trans­
mission loss over tropospheric paths

Investigation of the influence of urban ter­
rain on the attenuation of field strength in 
the VHF band

People’s Republic 
of Poland

Chairman, Inter­
national Working 
Party V/2

O.I.R.T.

Examination of the dependence of the field 
strength level on the receiving antenna height 
in the urban area in the VHF band

Influence of the non-ionized regions of the 
atmosphere on the propagation of waves

Correction factors for the field-strength 
curves F (50,50) as a function of terrain 
irregularities

O.I.R.T. Correction of electromagnetic waves propa­
gation curves F (50,50) in bands IV to V over 
irregular terrain

O.I.R.T. The dependence of field-strength on height 
between 3 and 10 m in the country-side and 
in towns at 780 MHz

Working Group V-C Proposed retention of Reports 242 and 243

Study Groups, I, Summary record of the joint opening session
II and V

Federal Republic Influence of irregular terrain on tropospheric
of Germany propagation

Federal Republic Influence of irregular terrain on tropospheric
of Germany propagation — Third contribution

S.P. 188 and 185B

Atlas of ground-wave 
propagation curves

Rep. 244

S.P. 188 

S.P. 188 and 189 

Res. 3 

S.P. 188 and 189 

S.P. 188 and 189 

S.P. 188 and 189

S.P. 188

S.P. 188

Reference



V/44

V/45

V/46

V/47

V/48

V/49

V/50

V/51

V/52

V/53

V/54

V/55

V/56

V/57

V/58

V/59

V/60 
and 
Corr. 1

Doc. Origin Title
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Reference

Federal Republic Investigation of multipath transmission
of Germany through the troposphere. — Multipath trans­

mission over line-of-sight paths with free first 
Fresnel zone

S.P. 57

U.S.S.R. An engineering method of calculating the S.P. 185B
attenuation factor in long-distance tropo- Res. 2
spheric propagation of ultra-short waves

U.S.S.R. Determination of transmission loss of S.P. 139 and 185B 
antennae

Italy

C.C.I.R. Secretariat

C.C.I.R. Secretariat

Propagation data required for line-of-sight S.P. 185A
radio-relay systems — Influence of oversea 
propagation on the transmission of colour 
television signals

Submission of Doc. IV/93 — Feasibility of S.P. 235A
frequency sharing between communication 
satellite systems and terrestrial radio services

Submission of Doc. IX/131 (Rev. 2) — Re- Q. 260 (IX)
vision of Report 285 — Tropospheric- scatter 
radio-relay systems — Transmission, inter­
ference and interconnection

C.C.I.R. Secretariat List of documents issued (V/l to V/50)

Study Group V Summary record of the first meeting

France Tropospheric propagation data for broad­
casting, space and point-to-point communi­
cations

Working Group V-B 

Working Group V-C

Revision of Report 240 Rep. 240

Revision of Report 233 — Influence of the Rep. 233
atmosphere on wave propagation

Study Group V Summary record of the second meeting

International 
Working Party

Summary record of meeting held on 11 June, 
1965

Working Group V-B Propagation curves for VHF/UHF broad- Rep. 240
casting in the African continent

Working Group V-C Multipath and fading of signals propagated 
by the troposphere

Draft S.P.

Study Group V 

Working Group V-B

Summary record of the third meeting

Draft revision of Report 236 — Influence of 
irregular terrain on tropospheric propa­
gation — Point-to-point propagation

Rep. 236
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V/61 Working Group V-A Proposed action on Doc. V/30

V/62 Study Group V Summary record of the fourth meeting

V/63 Working Group V-B Proposed action on Reports 227, 228, 229,
230, 235

V/64 Working Group V-B Ground-wave propagation curves for fre- Rec. 368
quencies below 10 MHz

V/65 Working Group V-B Presentation of antenna radiation data Rec. 168

V/66 Working Group V-B Influence ot irregular terrain on tropospheric S.P. 188
propagation

V/67 Working Group V-B VHF and UHF propagation curves in the S.P. 189
frequency range 40 MHz to 1 GHz

V/68 Working Group V-B Temporal variations of ground-wave field Rep. 46
strength

V/69 Working Group V-B Effects of tropospheric refraction at frequen- S.P. 246A
cies below 10 MHz

V/70 Working Group V-B Ground-wave propagation over inhomoge- S.P. 246B
neous earth

V/71 Working Group V-B Draft Revision of Report 239— Propagation S.P. 189
and statistics applied to broadcasting and mobile
Add. 1 services

V/72 Working Group V-B Ground-wave propagation over inhomoge- S.P. 246B
neous earth

V/73 Study Group V Summary record of the fifth meeting

V/74 Working Group V-A Propagation factors affecting the calculation Draft Rep.
of coordination distance

V/75 Working Group V-C Revision of Question 185(V) and the corre­
sponding Study Programmes

V/76 Working Group V-C Fading of signals due to multipath trans- Draft Rep.
mission in the troposphere

V/77 Working Group V-C Draft Report — Propagation data required S.P. 185A
and for line-of-sight radio-relay systems
Add. 1

V/78 Working Group V-A Draft new Question in Doc. IV/123 (V/30) —
Frequency utilization above the ionosphere 
and on the far side of the Moon

V/79 Working Group V-B Draft revision of Rec. 370 — VHF and UHF Rec. 370
and propagation curves for the frequency range
Corr. 1 from 30 MHz to 1000 MHz

Doc. Origin Title Reference

V/80 Working Group V-C Action concerning texts
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V/81

V/82

V/83

V/84

V/85

V/86 
(IV/168)

V/87

V/88

V/89

V/90

V/91

V/92

V/93

V/94
(IX/213)

V/95

V/96

V/97

Doc.

V/98

Study Group V

Working Group on 
Terminology

Study Group V 

C.C.I.R. Secretariat 

C.C.I.R. Secretariat

C.C.I.R. Secretariat

United Kingdom

Federal Republic 
of Germany

United Kingdom

Australia 

United Kingdom 

United Kingdom 

United Kingdom

United Kingdom

United States 
of America

United States 
of America

United States 
of America

United States 
of America

Origin Title

Summary record of the sixth meeting 

Revised draft Recommendation 310

Summary record of the seventh and last 
meeting

List of participants

List of documents issued (V/51 to V/85)

Comments by the Administration of the 
United Kingdom on Questions 285(IV) and 
286(IV)

Tropospheric propagation factors affecting 
the sharing of the radio-frequency spectrum 
between radio-relay systems, including space 
and terrestrial telecommunication systems

Influence of the non-ionized regions of the 
atmosphere on wave propagation

Propagation factors affecting the sharing of 
the radio-frequency spectrum between space 
and terrestrial radio-relay systems — Attenu­
ation and screening by vegetation and build­
ings

Propagation measurements on 1-9 GHz 
oversea paths

VHF and UHF propagation curves for the 
frequency range from 30 MHz to 1 GHz

Definitions of terms relating to propagation 
in the troposphere

Propagation factors affecting the sharing of 
the radio-frequency spectrum between space 
and terrestrial radio-relay systems — Inter­
ference effects of rain scatter

Proposed modifications to Question 311(V), 
Study Programmes 311A and 311E(V) — 
Propagation data required for radio-relay 
systems including communication-satellite 
systems

World charts of atmospheric radio refractive 
index

World charts of mean monthly AN

World charts of ground-based super-refrac­
tive layers

World charts of ground-based sub-refractive 
layers

Rec. 310

Q. 285 and 286 (IV) 

S.P. 190

S.P. 192, § 1

S.P. 311E

S.P. 311A 

Draft Rec. 

Draft Rec.

S.P. 31 IE

Q. 311
S.P. 311A, 311E

S.P. 192

S.P. 192

S.P. 192

S.P. 311 A, 192

Reference
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Doc.

V/99

V/100

V/101

V/l 02

V/103

V/104
(IV/224)
(VI/170)

V/105
(IV/225)

V/l 06 
(H/59) 
(IX/210)

V/107 
(IV/227) 
and Corr.

V/l 08

V/109
(IX/221)

V/l 10 
(XII/1)
V/l 11 
(IX/222)

V/l 12

V/l 13

V/l 14

V/l 15 
(IV/201) 
(IX/189)

V /l 16

Origin Title Reference

Italy

C.C.I.R. Secretariat 

Japan

Japan

Finland

France

Results of propagation measurements in large S.P. 188, § 8
cities

List of documents issued (V/86 to V/100)

Influence of the non-ionized regions of the S.P. 192
atmosphere on wave propagation —■ Attenu­
ation of radio waves due to precipitation

Fading of multipath signals propagated by Draft. Q.
the troposphere — Space- and frequency- 
correlations of the received power on line- 
of-sight paths

Refractive index in Finland S.P. 192

Frequency utilization above the ionosphere Q. 288 (IV)
and on the far side of the Moon

France

Italy

Propagation data necessary for radio systems 
and satellite telecommunication systems
Propagation on line-of-sight paths

Q. 285, 286, 287(IV) 
and 311

Q. 311 and 298(IX)

Canada Effects on system performance due to water
on radomes

1

U.S.S.R. Experimental determination of loss in an­
tenna gain

New Zealand Propagation data required for line-of-sight
radio-relay systems — Rapid variations in 
path length of transmission at SHF due to 
multipath propagation

New Zealand Draft Question — Propagation data required
for MF broadcasting systems

New Zealand Propagation data required for line-of-sight
radio-relay systems — Time distribution of 
path attenuation at 6 GHz

France Limitation on the use of the index gradient
near the earth’s surface for the calculation 
of the equivalent radius of the earth

France UHF propagation at distances well beyond
the horizon

France Variation in the frequency correlation coef­
ficient with circuit length

United States Proposed modifications to Draft Report
of America L.2.g (IV) — Frequency sharing between

communication-satellite systems and ter­
restrial services

Chairman, Report by the Chairman — Propagation over
Study Group V the surface of the earth and through the non-

ionized regions of the atmosphere

Q. 284(IV) and 311

S.P. 139, 185B, 31 IB 

S.P. 311A

S.P. 311A

Draft Rep. 
S.P. 192

Draft Rep. 
Draft Rep. 
S.P. 311E

Draft Q.

Q. 235(IV) and 
285(TV)
S.P. 235B(IV) and 

311E 
Draft Rep.

14
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V/l 17

V/l 18 
and Add.

V/l 19 

V/120 

V/121

V/122

V/l 23

V/l 24 

V/125

V/126 

V/l 27 

V/128

V/129 

V/l 30

Doc. Origin Title Reference

O.I.R.T. Field strength measurements at 1100 MHz at 
distances 125 -  280 km beyond the optical 
horizon

S.P. 31 IB

E.B.U.
1

Planning and construction of VHF and UHF S.P. 188 and 189 
sound and television broadcasting stations

United States 
of America

Scattering from precipitation as a factor in Q. 285 (IV) and
the siting of earth stations 286 (IV )

France The use of certain radio-meteorological para­
meters

Rep. 233 
Draft Rep.

Federal Republic Influence of irregular terrain on troposphe-
of Germany ric propagation — The influence of the plane

of polarization (horizontal and vertical) on 
the quality of television reception in bands III 
and IV

S.P. 188, § 9

Italy Draft amendment to Report 228 — Meas­
urement of field strength for VHF (metric) 
and UHF (decimetric) broadcast services 
including television

Rep. 228

Sweden Field strength measurements — Some test 
results from an over-the-horizon path in the 
Baltic Sea area

S.P. 189 and 192

Study Group V 

Working Group V-B

Summary record of the first meeting

Amendment of Recommendation 369 — 
Definition of a basic reference atmosphere

Working Group V-C Amendment of Report 229 — Determination 
of the electrical characteristics of the surface 
of the earth

Working Group V-C Amendment of Draft Report G.l.e(V) — 
Influence of irregular terrain on tropospheric 
propagation

Working Group V-C Amendment to Report 228 — Measurement 
of field strength for VHF (metric) and UHF 
(decimetric) broadcast services including tele­
vision

India Results of some studies on extended range 
VHF propagation in northern and eastern 
part of India

S.P. 139, 189 and 192

Working Group V-C Draft Report G.l.g (V) — Propagation sta­
tistics applied to broadcasting and mobile 
services on frequencies from 30 to 1000 MHz

S.P. 189

V/131 Working Group V-C Draft revision of Recommendation 370 —
VHF and UHF propagation curves for the 
frequency range from 30 MHz to 1000 MHz

Draft Rec.
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Doc. Origin Title

V/l 32 Study Group V Documents

V/l 33 Working Group V-E Revision of Study Programme 311E(V)

V/134 Working Group V-E Revision of Study Programme 311F(V)

V/135 Working Group V-E Revision of Study Programme 311E(V)

V/136 Working Group V-B Draft amendment to Draft Report G.l.d(V) 
— Influence of the non-ionized atmosphere 
on wave propagation — Ground-ground link

V/l 37 Study Group V Amendment of Draft Report G.l.f(V) — 
Fading of signals due to multipath trans­
mission in the troposphere

V/138 Study Group V Amendment of Draft Report G.l.j(V) — 
Propagation data required for line-of-sight 
radio-relay systems

V/l 39 Study Group V Amendment to Question 311(V)

V/140 Study Group V Amendments to Draft Question G.l.m (V) — 
Fading of multipath signals propagated by 
the troposphere

V/141 Study Group V Amendments to Study Programme 311A(V) 
—  Propagation data required for line-of- 
sight radio-relay systems

V/142 Study Group V Modification of Report 231 —  Reference 
atmosphere

V/143 Working Group V-A Proposed modifications and corrigenda to 
Report 244 — Estimation of tropospheric- 
wave transmission loss

V/144 Study Group V Draft Question —  Influence of the non- 
ionized regions of the atmosphere on wave 
propagation — Radiometeorology

V/145 Study Group V Report 230 — Ground-wave propagation 
over inhomogeneous earth

V/146 Study Group V Modification to Report 238

V/147 Study Group V 
and Add. 1

Draft Recommendation G.l.b (V) — Defini­
tions of terms relating to propagation in the 
troposphere

V/148 Study Group V Summary record of the second meeting

V/149 Study Group V List of texts cancelled

V/150 C.C.I.R. Secretariat List of documents issued (V/101 to V/157)

V/l 51 Study Group V List of texts maintained unchanged

Reference

S.P. 192
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V/l52 Study Group V Summary record of the third meeting

V/153 Working Group V-E Draft Report — Influence of scattering from S.P. 31 IE
precipitation on the siting of earth stations

V/154 Working Group V-B Report 234 — Influence of the non-ionized S.P. 191 and 192
regions of the atmosphere on the propaga­
tion of waves — Earth-space propagation

V/l 55 Study Group V Summary record of the fourth meeting

V/l56 Study Group V Summary record of the fifth and last meeting

V/l 57 Study Group V Status of texts

Doc. Origin Title Reference
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V/1001 

V/1002 

V/1003 

V/1004 

V/l005 

V/1006

V/1007 

V/l008

V/l009 

V/1010

V/1011

V/1012

V/1013

V/1014

V/1015

V/1016

V/1017

V/1018

V/1019

V/1020 

V/1021 

V/1022 

V/1023

LIST O F D O CU M EN TS O F TH E X lth PLENARY ASSEMBLY 
ESTABLISHED BY STUDY G RO U P Y

Title Final text

Propagation data required for radio-relay systems — Collection of data Rep. 241-1

Frequency utilization above the ionosphere and on the far side of the Moon Rep. 336

Presentation of antenna radiation data Rec. 168-1

Ground-wave propagation over inhomogeneous earth Q. 1/V

Effects of tropospheric refraction at frequencies below 10 MHz Q. 3/V

VHF and UHF propagation curves in the frequency range 30 MHz to 1 GHz — S.P. 7A/V
Broadcasting and mobile services

Influence of irregular terrain on tropospheric propagation Rep. 236-1

Measurement of field strength for VHF (metric) and UHF (decimetric) broad- Rep. 228-1
cast services including television

Definition of a basic reference atmosphere Rec. 369-1

Propagation factors affecting the sharing of the radio-frequency spectrum S.P. 5D/V
between space and terrestrial radio-relay systems

Influence of scattering from precipitation on the siting of earth stations S.P. 5E/V

Site shielding-factor to be used in calculating coordination distances S.P. 5F/V

Propagation data required for terrestrial radio-relay systems and communication- Q. 5/V
satellite systems

Propagation factors affecting the calculation of coordination distance Rep. 337

Fading of multipath signals propagated by the troposphere Q. 4/V

Propagation data required for line-of-sight radio-relay systems S.P. 5A/V

Propagation data required for line-of-sight radio-relay systems Rep. 338

Definitions of terms relating to propagation in the troposphere Rec. 310-1

Influence of the non-ionized regions of the atmosphere on wave propagation — Q. 2/V 
Radio-meteorology

Influence of scattering from precipitation on the siting of earth stations Rep. 339

Reference atmosphere Rep. 231-1

Estimation of tropospheric-wave transmission loss Rep. 244-1

VHF and UHF propagation curves for the frequency range from 30 MHz to Rec. 370-1
1000 MHz — Broadcasting and mobile services
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Doc.

V/l024 

V/1025

V/l026

V/l027

V/1028

Title

Fading of signals due to multipath transmission in the troposphere

Propagation statistics applied to broadcasting and mobile services on frequencies 
from 30 to 1000 MHz
Influence of the non-ionized atmosphere on wave propagation — Ground- 
ground propagation

Influence of the non-ionized regions of the atmosphere on the propagation of 
waves — Earth-space propagation

List of documents issued (V/1001 to V/1028)

Final text

Rep. 237-1 

Rep. 239-1

Rep. 233-1

Rep. 234-1
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R EC O M M EN D A TIO N  313-1

EXCHANGE O F IN FO RM A TIO N  FO R  TH E PREPA RA TIO N  O F SH O RT-TERM  
FORECASTS AND TH E TRA N SM ISSIO N  O F IO N O SPH ER IC  DISTURBANCE

WARNINGS

(1951 -  1959 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that it is important to give Administrations and operating services (navigation and other 
services using ionosphere-propagated waves), the earliest possible warning of the onset 
of disturbances to ionospheric-propagation conditions, so that they may arrange their traffic 
schedules accordingly;

(b) that it is desirable to find an easier method of drawing up a plan, for the rational use of 
frequencies in place of the system based on long-term mean values, when the latter is tempo­
rarily unsatisfactory on account of ionospheric disturbances;

(c) that it would therefore be advisable for all organizations publishing ionospheric forecasts 
to study the technique of forecasting disturbances;

(d) that it is of great importance to take steps to secure the greatest possible accuracy of such
forecasts and the maximum of speed in their dissemination;

(e) that, for the exchange and dissemination of propagation information, there are three cate­
gories of users: those who make forecasts, those who make operational use of propagation
information and those who require the information for scientific research or other purposes; 
and that, to meet these different requirements, it is desirable to use the most appropriate 
methods of exchange in each case;

(f) that effective collaboration has been arranged through the International Ursigram and 
World Days Service (I.U.W.D.S.), between some Administrations, operating services and 
the organizations studying the characteristics of the ionosphere and preparing forecasts of 
ionospheric disturbance;

(g) that synoptic codes, available through the I.U.W.D.S., have proved their usefulness in the 
dissemination of information for the preparation of short-term forecasts;

UNANIMOUSLY RECOMMENDS

1. that each country, participating in radio-propagation research, should designate an official 
agency for the reception, coordination and exchange of such data and for liaison with cor­
responding agencies in other countries;

2. that the information required for the preparation of short term-forecasts, should be central­
ized by the agencies mentioned in § 1, as far as possible, by the most direct means of telecom­
munication between the centralizing agency and the various scientific institutes for solar, 
magnetic and other observations;

3. that, of the data thus assembled, those which are of use for forecasting within 48 hours 
should be disseminated, in accordance with the I.U.W.D.S. decisions, by suitable available 
communication channels;
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4. that the other data, of the use for the improvement of forecasting technique in general and 
for other purposes, should be disseminated by ordinary post or airmail; if they deem it of 
use for the organization of regional forecasts or for scientific research, interested Adminis­
trations may organize alone, or preferably collectively, after centralization of information, 
the dissemination of detailed information by radio;

5. that certain short but regular transmissions, giving short-term warnings of ionospheric 
disturbances, should be effected by long-range radio stations;

6. that the attention of the I.U.W.D.S. should be drawn to the advantages of the fullest possible 
standardization of the codes to be used, either for the short warnings mentioned in § 5, 
or for the exchange of the limited information mentioned in § 3, or the general information 
mentioned in § 4;

7. that Administrations should be invited to conform to the resulting codes and to make them 
known to their operating services;

8. that Administrations should invite these services, together with operating agencies, to
study the accuracy of the forecasts, to submit records and to make any suggestions which
might assist the studies undertaken to improve the methods used;

9. that special attention should be paid to the comparison between the forecasts and the actual 
behaviour of radio circuits; it is particularly desirable that Administrations should adopt 
identical methods of assessing the quality of the circuits by using a suitable classification;

10. that it is also desirable that a common method should be adopted to describe ionospheric
perturbations, taking account of such factors as the starting time, zone affected, duration
and importance of the perturbation;

11. that, where Administrations have provided facilities for the rapid exchange of information 
for the preparation of short-term forecasts of radio propagation, in connection with the
I.U.W.D.S., these facilities should be maintained, and, if necessary, extended in the future.

R EC O M M EN D A TIO N  371 

CH O ICE O F SOLAR IN D ICES FO R IO N O SPH ER IC  PROPAGATION

(1963)
The C.C.I.R.,

CONSIDERING

(a) that continuous observations of sunspots have been made for a longer period of time than 
for any other index of solar activity;

(b) that the 12-month running mean sunspot number, R \2, is the only index which has, u[ r . 
now, been sufficiently studied to allow predictions to be made by objective methods;

(c) that the smoothing of the sunspot number, caused by the use of the 12-month running mea , 
prevents its use for accurate predictions of ionospheric conditions, for dates less than 12  

months ahead of the date of the last observed value of R i2;
(d) that the ionospheric index IF 2 can be predicted certainly for dates up to 6, and perhaps 

up to 12 months ahead of the date of the last observed value of IF2, and is highly correlated 
with the monthly-median values of foF2;

(e) that the monthly-mean value of solar radio-noise flux, at wavelengths near 10 cm, <D, 
is highly correlated with foE;
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UNANIMOUSLY RECOMMENDS

1. that the 12-month running mean sunspot number should be adopted as the index to be 
used for all ionospheric predictions for dates more than 12 months ahead of the date of 
the last observed value of Rn',

2. that the ionospheric index Ip2 should be adopted as the index to be used for predicting 
monthly median values of foF2 and M (3000) F2 for dates, certainly up to 6, and perhaps 
up to 12, months ahead of the date of the last observed value of I f i . Caution should be 
shown in its use at high magnetic latitudes, where experience suggests that the resulting pre­
dictions may not be sufficiently accurate;

3. that the monthly-median value of solar radio-noise flux at wavelengths near 10 cm should 
be adopted as the index to be used for predicting monthly median values of foE and foFl, 
for dates, certainly up to 6, and perhaps up to 12, months ahead of the date of the last observed 
value of <D.

R EC O M M EN D A TIO N  372 *

USE O F A TM O SPH ERIC RADIO-NOISE DATA

(1951 -  1953 -  1956 -  1959 -  1963)
The C.C.I.R.,

CONSIDERING 

that a revision of Report 65 has now been made;

UNANIMOUSLY RECOMMENDS

that, in assessing the intensity and other characteristics of atmospheric radio-noise throughout 
the world, the information contained in Report 322 (published separately) should be used until 
sufficient new data to justify further revision have been accumulated and made available.

R EC O M M EN D A TIO N  373-1 

DEFIN ITIO N S O F M A X IM U M  TRA N SM ISSIO N  FREQ U EN CIES

(1959 -  1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that the upper limiting frequency of transmission for a given propagation path is perhaps 
the single most extensively used propagation parameter in HF communications;

This Recommendation, tojv ier with Resolution 8, replaces Recommendation 315.
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(b) that the increasing use of HF sounding equipment requires specialized and unambiguous 
terminology;

(c) that the World-Wide Soundings Committee of the U.R.S.I. has recommended the use of 
the conventional transmission curve for rapid analysis of ionograms [1];

(d) that experience has shown that transmission is often possible above the maximum theoretical 
frequency, calculated for waves assumed to have been propagated solely by ionospheric 
refraction (i.e. without ionospheric and ground scatter);

(e) that some prediction services use empirical correction factors to take account of this expe­
rience when making predictions;

(f) that U.R.S.I. has recently recommended a set of terms (based on the findings of the Confer­
ence on Oblique Sounding, Lindau, 1963), to describe maximum transmission frequencies 
(see Notes below);

UNANIMOUSLY RECOMMENDS

1. that the term operational MUF  should denote the highest frequency that permits acceptable 
operation between given points at a given time, and under specified working conditions; 
the word “ operational ” could well be dropped in common usage (Note 1);

2. that the term classical MUF  should denote the highest frequency that can be propagated 
by a particular mode between specified terminals by ionospheric refraction alone; it can 
be experimentally determined as the frequency at which the high- and low-angle rays merge 
into a single ray (Note 2);

3. that the term standard M UF  should denote an approximation to the classical MUF, that
is obtained by application of the conventional transmission curve [1] to vertical-incidence
ionograms, together with the use of a distance factor (Note 3);

4. that the term maximum observed frequency (MOF), introduced by U.R.S.I., should denote 
the highest frequency that can be detected on an oblique-incidence ionogram (Note 4);

5. that the terms classical MUF and standard MUF are to be applied only to propagation
involving the regular layers (Note 5);

6. that users of predictions should familiarise themselves with the new terminology, recommended 
by U.R.S.I., which is already in limited use, with the hope that it might ultimately replace 
the old terminology (Note 6).

Note 1. — This term, or an equivalent, has not been defined by U.R.S.I.

Note 2. — U.R.S.I. recommends the term junction frequency (JF) for the classical MUF. 
If either term is used without reference to a particular mode of propagation, the highest 
of the values for the individually possible modes is implied.

Note 3. — U.R.S.I. recommends the term estimated junction frequency (EJFj for the standard 
MUF, which is, however, widened to include other methods of estimation.

Note 4. —- Whenever the term maximum observed frequency (MOF) is used, there is the clear 
implication that an oblique-incidence sounding is being described. With the advent of 
“ communication sounding ” in conjunction with operational systems, such a term is required. 
The term MOF should not be used to describe the highest frequency usable under parti­
cular circumstances on a communication circuit (see § 1).

Note 5. — By their nature, the terms operational M UF  and maximum observed frequency 
are applicable even in circumstances when sporadic-E (Es) propagation dominates.
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Predictions of maximum transmission frequencies involving E5 propagation are as yet of 
only limited use owing to insufficient knowledge.

Note 6 . — In several documents of the C.C.I.R. originating mainly in Study Group VI, 
the new terms are given in parentheses after the old.

Note 7. — This Recommendation should be brought to the attention of Study Group XIV.

BIBLIO G RA PH Y

1. P ig g o t t , W.R. and R a w e r , K. U.R.S.I. handbook on ionogram interpretation and reduction. Elsevier, 
Amsterdam (1961).

R EC O M M EN D A TIO N  434 

C.C.I.R. ATLAS O F IO N O SPH ER IC  CHARACTERISTICS

(1966)
The C.C.I.R.,

CONSIDERING

(a) that International Working Party VI/3 has defined specifications, both for the production 
of a first edition of the C.C.I.R. Atlas (to be regarded as provisional) and for the studies 
required before undertaking the production of a further improved edition;

(b) that International Working Party VI/3 has prepared a first edition of the C.C.I.R. Atlas 
(to be regarded as provisional) in alternative forms, either as a set of charts or as a set of 
punched cards containing a set of coefficients, for use in a computer;

(c) that the first edition of the Atlas, with accompanying explanation, has been prepared and 
made available for inspection by Study Group VI at the Xlth Plenary Assembly;

(d) that a master set of cards containing the coefficients, together with programmes for comput­
ing the functions to which the coefficients apply, will be deposited with C.C.I.R. for purposes 
of reproduction and sale;

(e) that the cards and programmes can be kept up to date relatively cheaply, while a further 
edition of the chart form of the Atlas is expensive, so that the cards may include later 
information than the charts;

UNANIMOUSLY RECOMMENDS

1. that, until future revised editions of this Atlas are available, international organizations, 
such as the I.F.R.B., should use the punched-card form of the Atlas for the solution of iono­
spheric problems requiring the information in the Atlas;

2. that persons and organizations, having access to a computer and requiring the information 
in this Atlas, should use the punched-card form of the Atlas;

3. that in other cases the Atlas in chart form should be used.

Note. — The Director, C.C.I.R. is requested to arrange for the publication of the Atlas and 
to keep the cards and programmes available for distribution.
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R EC O M M EN D A TIO N  435

SKY-WAVE PRO PA G A TIO N  CURVES BETW EEN 300 km AND 3500 km AT 
FREQ U EN CIES BETW EEN 150 kH z AND 1500 kH z IN  TH E EUROPEAN 

BROADCASTING AREA

(1966)
The C.C.I.R.,

CONSIDERING

(a) that there is a need to give guidance to engineers in the planning of broadcast services in 
the hectometric and kilometric wavebands;

(b) that it is important, for stations working in the same or adjacent frequency channels, to 
determine the minimum geographical distance of separation required to avoid interference 
due to long-distance ionospheric transmission;

(c) that the curves in Report 264-1 are based on the statistical analysis of a very large number 
of experimental data obtained in the European Broadcasting area;

UNANIMOUSLY RECOMMENDS

that formulae (la) and (2a) and the curves in Figs. 1, 2, 3, 6 and 7 of Report 264-1, should 
be adopted for provisional use within the European Broadcasting area.
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R EPO R T 245-1 *

PR ED IC TIO N  O F SOLAR INDEX

(Study Program m e 8A/VI)

(1963 -  1966)

1. Judging by the results obtained in the past, it appears that there is, as yet, no method whereby 
it is possible to predict accurately the next sunspot cycle, or more generally, a cycle which has 
not yet begun. The parameters which appear to be the most useful are the date of the beginn­
ing, the time of growth, the maximum value and the time of fall of the cycle. The values 
of the parameters of the 19th Zurich cycle diverged widely from those which could have 
been established by empirical and statistical laws observed over earlier and even recent 
cycles. The phenomenon of solar activity ought, therefore, to be studied by statistical 
methods, but more attention ought to be given to solar physical phenomena.

2. The French method takes as a starting point, the dates of the minima and maxima from 
1610 onwards, together with those values of the smoothed sunspot number from 1700 on­
wards which it has been possible to re-establish. The even and odd cycles were treated sepa­
rately, since it is known that solar magnetic phenomena have a period equal to two sunspot 
cycles, but a significant difference was not found. A prediction is made of the parameters 
of the 20th cycle by recourse to a secondary cycle equal to 16 elementary cycles. The validity 
of the method ought to be further investigated by a statistical study based on the deviations 
observed [1].

3. It goes without saying that it is easier to predict the future development of a cycle once it has 
begun. In the U.S.A., 12-month running averages of relative sunspot number are predicted 
by means of an objective method, where the first approximation to the prediction of a future 
value in a cycle is the mean of all past values for that part of the cycle [2]. This estimate is 
improved by adding to it a correction proportional to the departure or the immediately pre­
ceding value of the cycle in question from the mean cycle. The correction factors are deter­
mined by the method of least squares and are based on sunspot data for 1834 to 1964 inclusive; 
the sunspot data of earlier years are rejected on statistical grounds. To predict a given 
12-month running average sunspot number, it is recommended to use the mean, corrected 
by the departure of the preceding year. Prediction beyond the present cycle is not considered 
possible by objective statistical methods. As soon as a sunspot minimum is identified, this 
method can be used for the coming eleven years, but with new correction factors which have 
been re-determined including the observed values for the preceding cycle.

4. A current review of predictions of solar activity is given in a book by Vitinskii [3], including 
detailed description of the work at the Astronomical Observatory of Poulkovo, concerning 
predictions of the maximum for the next solar cycle.

5. In a study undertaken by the Secretariat of the C.C.I.R. [4], it was concluded that, in the 
several methods available for predicting the solar index, the error (r.m.s. value of the

* This Report was adopted unanimoulsy.
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“ predicted value minus the actual value ” ) generally exceeds 10, and that no new method 
would be acceptable unless it produced errors of considerably less than 10. Further, new 
investigations, carried out by the Secretariat of the C.C.I.R., into methods combining both 
linear and non-linear functions to produce a solar index prediction, failed to produce an 
improvement on the results of the methods currently employed. It was finally concluded 
that, in practice, perhaps it is not possible to improve on an error of approximately 10 in 
the prediction of the solar index. This document [4] provides a useful summary of several 
prediction methods. Only the statistical methods (comparison of cycles or autocorrelation) 
are considered useful, the methods based on harmonic analysis having never produced 
satisfactory results.
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2. M cN ish , A.G. and L in c o l n , J.V. Prediction of sunspot numbers. Trans. American Geophys. Union,
30, 5, 673-685 (1949).

3. Vit in s k ii, J.I. Prediction of solar activity. (In Russian) Moscow (1963).
4. C.C.I.R. Doc. 254, Warsaw, 1956. Preliminary report on Recommendation 117, Prediction of solar

index.

R EPO R T 246-1 *

C H O IC E O F BASIC IN D ICES FO R  IO N O SPH ER IC  PROPAGATION

(1953 -  1956 -  1959 -  1963 -  1966)

1. Introduction

1.1 The purpose of this Report is to explain the reasons which determined the choice of indices 
for ionospheric propagation that are referred to in Recommendation 371 and to present 
information on other possible indices. The term “ ionospheric propagation ” , which was 
used in Study Programme 150, has been assumed to refer to those characteristics of the 
ionosphere that can be measured and which are required for calculations of the M UF on 
a point-to-point radio service. The most important of these characteristics are the monthly- 
median values of vertical-incidence critical frequencies, foE and foF2, of the E-and F2-layers, 
and the MUF factor, M(3000)F2, of the F2-layer. The indices recommended were selected 
with these parameters in mind. It is not yet possible to recommend indices which would be 
useful in predictions relating specifically to the D- and Zft-layers.

1.2 If an inspection is made of any index which represents the month to month changes of 
solar activity, it is clear that the variations of the index with time contain three components:

1.2.1 a fairly regular component, with a period of about 11 years, which represents the 
well-known cycle of solar activity;

* This Report was adopted unanimously.
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1.2.2 a component which has a quasi-period of about a year, or a little less, which usually 
appears near the peak of the solar cycle and which lasts for only a year or two;

1.2.3 fluctuations which appear to be erratic, but which may represent rapid changes in 
solar activity that cannot be resolved when a monthly mean index is used.

2. Sunspot numbers

2.1 The statistical properties of the main component (§ 1.2.1) of the solar cycle, have been a 
subject of study for many years. In these studies, the 12-month running-mean sunspot 
number, R n, is nearly always used, because the resultant smoothing considerably reduces 
the complicated and rapidly varying components (§§ 1.2.2. and 1.2.3), but does not obscure 
the slowly varying component (§ 1.2.1). In statistical studies designed to facilitate predictions 
of an index, it is obviously desirable to have as much information as possible about the past 
behaviour of the index; an important advantage of using sunspot numbers as the basis for 
an index is, that a longer series of reliable measurements is available for them than for any 
other type of solar observation.

2.2 In view of the long series of observations of sunspots, and of the fact that the statistical 
prediction methods which are available at present refer to R \2 , there appears to be no better 
alternative index to R n  for use in circumstances where predictions are required for dates 
more than about 9 months ahead. The definition of R 12 which is preferred is :

^ 1 2  =  J 2  ^  ~^(Rn+6  +  R n - 6)

in which Rk is the mean value of R  for a single month k, and R n  is the smoothed index for 
the month represented by k  — n.

2.3 There are two main disadvantages in the use of R n  as an index.

2.3.1 The most recent available value of R n  is necessarily centred on a month, at least six 
months earlier than the present time. Hence, a prediction of R n, which refers to a 
month n months ahead, requires an extrapolation of the R n  series at least« + 6  months 
ahead of the last available measured value.

2.3.2 If R n  is used as an index, it is not possible to make any attempt to predict the shorter 
term variations in solar activity, because the amplitude of these variations is con­
siderably reduced, or even completely obscured, by the smoothing which is inherent 
in Rn-

2.4 The accuracy of a prediction of an ionospheric parameter will be increased, if an allowance 
can be made for the presence of any shorter term variations which may be present. Since 
such predictions require a monthly unsmoothed index, it seems desirable that such indices 
should be provided for the E-and F2-layers. The recommended indices are described in 
§§ 3 and 4.

3. E-layer

3.1 Evidence presented by Kundu [1] shows, that the monthly-mean flux of solar radio-noise at 
wavelengths of about 10 cm, is more closely correlated to monthly mean values of foE than 
the noise at other wavelengths. Investigations made by Mmnis and Bazzard [2] and by 
Eyfrig [3] show that the mean correlation coefficient between the E-layer character figure and 
solar noise-flux at 10-7 cm is very high: 0-95 at Slough, and 0-985 at Lwiro, where the effects 
of geomagnetic distortion are smaller than at Slough.



3.2 Flux measurements at 10-7 cm have been made at Ottawa from 1947 onwards. They have 
been described by Medd and Covington [4] and no better index, for use in making E-layer 
predictions up to about nine months ahead, can be foreseen at present.
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4. F-layer

4.1 The correlation between monthly mean values of foF2 and several possible indices has been 
discussed by Minnis and Bazzard [5, 6], who have presented evidence which shows that 
the index Ipz is more closely correlated with foF2 than any other available index; the mean 
coefficient of correlation in a sample was 0-986. The index I f 2 was based on measurements 
of foF2 at ten long-established ionospheric observatories from 1938 to 1963 and has been 
based on measurements at nine observatories since then. Monthly values of Ip2 are available 
from 1938 onwards (see the Telecommunication Journal).

4.2 In view of the high correlation with foF2 and the long series of earlier values, h i  appears 
to be the best index at present available for making predictions of foF2 up to about nine 
months ahead. To calculate Ip2 for a given month, it is necessary to have the monthly 
median noon values of foF2 at the several observatories, together with statistical data relating 
to past measurements at the observatories. The statistical data have been made available 
to the C.C.I.R. (see Annexes I and II), and air mail or telegraphic services are recommended 
to ensure rapid transmission of the latest monthly values of foF2 to the C.C.I.R.

5. Miscellaneous

5.1 In § 2.2, R \2 is recommended for use when predictions are required for dates more than 
about nine months ahead. For dates less than nine months ahead, the indices referred to 
in §§ 3.2 and 4.2 are preferred. The figure of nine months ought not to be taken as a rigid 
boundary in making this decision, but is intended to represent, approximately, the maximum 
extrapolation of an unsmoothed monthly index which can be achieved with acceptable 
accuracy.

5.2 In Canada, an equipment identical to that known as “ Ottawa” at the Algonquin Radio 
Observatory (ARO) at Lake Traverse, Ontario, was put into operation in June 1964 at the 
Dominion Radio Astrophysical Observatory (DRAO), Penticton, B.C., except that the 
frequency of operation is 2700 MHz instead of 2800 MHz. Japanese and other laboratories 
also make regular measurements of solar noise-flux at wavelengths of about 10 cm. Though 
it is possible, after allowing for small systematic differences, to convert measurements made 
at one place into the equivalent value at another, the Ottawa data ought to be regarded 
as the reference data in the present context.

5.3 In principle, there is no reason why additional stations should not be included in the cal­
culation of lp 2 , provided reliable foF2 data are available for at least one complete solar 
cycle. It is unlikely, however, that the addition of new stations would increase the correlation 
of Ip2 with foF2, but it would slightly decrease the small statistical fluctuations which 
arise when a median value is determined from nine values only.

5.4 It has been suggested by Chaman Lai [7], that the monthly mean value of the diurnal average 
of foF2 varies as JR  +  100C/ throughout the solar cycle. R  represents the monthly relative 
sunspot number and Ci the international character figure for geomagnetic activity. By 
this expression, the contributions due to both electromagnetic ultraviolet and corpuscular 
radiations from the Sun are taken into account in producing the ionization in the F2 region.
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5.5 A long-term prediction of foF2 can also be made on the basis of the prediction of the solar 
cycle phase; Novysh-Bilinskaia [8] showed that the foF2 variations were very similar in 
the three high solar cycles 17 -  19.

5.6 Studies have been made independently in the U.S.A. and by Joachim [9] of the correlation 
between the indices R n, I f 2 and ©. The regression between © and R n  is, with the exception 
of values of R n  between 0 and 50, practically linear, whereas, a curvilinear regression bet­
ween © or R n  and Ipi was found.
Quite recently, Joachim [10] has studied an effect of ionospheric “ hysteresis ” of Ipi values, 
as a function of © or Rn- In fact, for a given value of solar parameters R n  or ©, the iono­
spheric parameter Ip i does not have the same value on the descending part of the solar 
cycle as on the ascending one. This effect does not exist in the relationship between R n  and ©.

5.7 Chaman Lai [11] has analysed the average-global pattern of F2 ionization over the period 
1947 to 1961, and has found that the monthly averages of planetary F2-layer ionization, desig­
nated (£ foF2)p, show marked biannual periodicity with maxima at the months of April 
and October every year. He has reported that a simple relation of the form

(SfoF2)| =  K  © S
agrees very well with the secular variations of planetary F2-layer ionization.

In this expression AT is a constant of proportionality, © is the solar flux at 2800 MHz 
as reported by Covington, and S  stands for the seasonal enhancement factor, the monthly 
values of which are given in Annex III.

The above expression provides a close month-to-month correlation between solar acti­
vity and planetary F2-layer ionization. Further development of the above formula has 
been made [12].
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ANNEX I

M o n t h l y  m e d ia n  v a lu e s  o f  100 X foF2 f o r  R 3 — O a n d  150 
(foF2 is in MHz)

Station January February March April May June July August September October November December

0 150 0 150 0 150 0 150 0 150 0 150 0 150 0 150 0 150 0 150 0 150 0 150

Canberra 590 918 575 1024 572 1151 642 1275 573 1142 510 1051 488 1015 509 1051 568 1078 610 1000 640 894 644 855

Churchill 463 1167 450 1068 411 920 397 760 449 673 464 662 439 650 450 673 445 773 488 981 532 1180 515 1148

College 400 1044 424 1013 405 826 405 695 442 625 450 614 419 633 425 620 429 656 458 836 480 1032 445 999

Delhi 704 1386 758 1450 900 1514 991 1473 848 1312 754 1157 729 1182 784 1252 918 1341 930 1388 764 1392 723 1308

Godley Head 570 885 574 957 583 1103 570 1273 496 1162 443 1074 430 1079 445 1027 494 974 575 968 684 956 650 845

Huancayo 668 1280 748 1283 720 1317 712 1268 624 1102 575 1025 553 958 583 1046 658 1136 775 1178 883 1307 812 1292

Slough 530 1217 510 1242 475 1167 480 988 510 823 503 770 472 773 475 768 490 881 569 1126 558 1293 532 1253

Tokyo 648 1248 722 1365 810 1437 762 1374 610 1128 575 930 542 947 546 1000 618 1117 800 1312 750 1315 675 1167

Washington!1) 574 1298 584 1289 507 1260 488 1029 470 801 494 686 455 690 469 747 530 951 660 1200 678 1272 664 1225

C1) Also known as Fort Belvoir.
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ANNEX II

1. The index IF 2 is based on the monthly median noon values of foF2 at
Canberra Dehli Slough
Churchill Godley Head Tokyo
College Huancayo Washington *

2. The regression line of the monthly-mean noon foF2 and the three-month weighted-mean 
sunspot number R 3 has been calculated for each month of the year using all the available 
data up to 1957 or 1958. These lines can easily be reproduced by using the values of foF2 
for i ?3 =  0 and 150, which are given in Annex I. The value of R 3 for month n is defined by:

* 3  =  y  ^Rn +  y  (Rn + 1 +

3. For any given measured value of foF2, the appropriate regression line can be used to give 
the corresponding value of R 3, which will be referred to as R '3 . The value of I f  2 for a month 
is the median value of all the available values of R '3 .

ANNEX III

TABLE OF SEASONAL ENHANCEMENT FACTORS

January 119 July 100
February 1-30 August 116
March 1-47 September 1-43
April 1-50 October 1-59
May 1-25 November 1-47
June 106 December 1-28

REPO R T 247-1 ** 

IDEN TIFICA TIO N  O F PRECU RSO RS INDICATIVE O F SH O RT-TERM  
VARIATIONS AND EVALUATION O F TH E RELIABILITY O F SH O RT-TERM  

FORECASTS O F IO N O SPH ER IC  PROPAGATION CO NDITIONS

(Study Programme 10A/VI)

(1959 -  1963 -  1966)

1. Identification of precursors indicative of short-term variations of ionospheric propagation 
conditions

Since the International Geophysical Year (I.G.Y.), there have been several advances 
towards more successful forecasting of sudden-commencement geomagnetic storms and

* Also known as Fort Belvoir.
** This Report was adopted unanimously.



associated disturbances of ionospheric propagation that are prevalent during periods of 
sunspot maximum. Some of these have occurred, or been recognized, since Report 247 [1] 
was prepared.
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A commonly applied sun-earth relationship is, that a geomagnetic storm with associated 
radio propagation disturbance, is expected to begin within 1 to 2 days, or even sometimes
3 days, of the occurrence of a flare of importance 3 or 3 +  (very great), regardless of its position 
on the Sun. The probability of disturbance is greater if the flare occurs in the sun’s central 
zone. Bell [2] reported that nearly half of the major flares which were located within 30° of 
the central meridian (CM ±30°), and that, over the past three sunspot cycles, 80% of the very 
great storms arose from within 20° of CM, and all but one of the remainder in the 20° to 
39° zone. All but one of these arose from the northern hemisphere. During the past several 
sunspot cycles, the northern hemisphere of the Sun has been the main source of great magnetic 
storms. This is in accord with the characteristics of solar activity which have manifested 
themselves mainly in the northern hemisphere. The percentage of storms coming from the 
northern solar hemisphere increases with the intensity of the storm, ranging from 50% for

4 4
the moderate storms, 160 Lap 299, to 94% for the very great storms, Lap > 1000:
4
Lap is the sum of the greatest four consecutive 3-hour ap indices during the storm.

When a major solar radio noise outburst at frequencies 200 MHz occurs with its 
first part in the pre-maximum phase of a solar flare, followed by a second part that is often more 
intense and of longer duration, geomagnetic disturbance may be expected to begin within 
1 to 4 days. This relationship was first noted by Dodson and Hedeman [3], and was confirmed 
by Sinno [4] and by Warwick and Warwick (5]. The Warwicks approach was to use 18 
MHz solar noise bursts which preceded maxima of sudden cosmic noise absorption (S.C.N. A). 
A special study has been made of Type-IV continuum radio bursts, which are usually followed 
by a geomagnetic storm. Stress was laid on the importance for forecasts of SHF radiation 
(observed in the 10 cm and 3 cm ranges), which is the initial phase of Type-IV bursts and 
which is less directive than VHF radiation characteristics of the following phase [6, 7]. 
In her study, Bell [2] reported that, of 30 major flares accompanied by full range (5* 2800 MHz 
to 100 MHz) Type-IV outbursts, 87 % were followed by magnetic storm within an interval 
of 10 hours to 3 days. The probability falls off for Type-IV events of more limited frequency 
range. Bell also reported that the likelihood of a major flare, with a spectral Type-IV burst 
to produce a magnetic storm, is independent of the magnetic classification of the sunspot. 
On the other hand, a fly or y sunspot is about 5 times more likely to produce a major flare 
with associated Type-IV events than is an a or (3 sunspot of comparable area.

All of the above solar-geomagnetic relationships are enhanced, if a polar-cap absorption 
(PCA) event is observed within about six hours following the H-alpha flare. These are 
the absorption events recognized by Bailey [8] and Reid and Collins [9] on VHF scatter 
circuits, and by Reid and Leinbach [10] on records from riometers at high latitudes (measu­
rement of cosmic noise absorption through the ionosphere). Obayashi and Hakura [11], 
and numerous other authors, pointed out that a very close relationship exists between PCA 
events and spectral Type-IV outbursts. PCA events rarely occur that are not preceded by 
Type-IV outbursts, and prolonged severe PCA events appear to be always preceded by Type-IV 
outbursts. The probability of occurrence of PCA events is strongly enhanced if the Type-IV 
outburst has a particularly well-developed continuum and is of great duration at metric 
and decametric wavelengths [12]. A comparison between PCA events in the period July 1957 
to September 1963 [13], with occurrence of magnetic storms, shows that magnetic storms
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followed the onset of PfcA events within three days 92 % of the time. The PCA event appears 
to be the most reliable precursor to magnetic (and ionospheric and radio-propagation) 
disturbance so far recognized. During PCA, the occurrence of a sudden commencement 
of geomagnetic storm could be a good precursor of the disturbance which tends to move 
southward with the main phase of the magnetic storm. An example of this has been shown 
by Jelly [14]. A valuable review and bibliography is given by Bailey [13].

If one is interested in the identification of the centres which produce outbursts of Type-IV,
one should note that these centres have several characteristics:

— the solar flux density at 3 cm is clearly more enhanced than in general [6, 15];

— the spectral ratio of emission at 3 cm to emission at 10 cm is greater than the mean and 
is of the order of unity [16];

— a fairly rare configuration occurring in certain sunspot regions has been found to be 
very strongly related to the productivity of high energy protons in that region [17, 18,19]. 
This configuration has been called “ 8 configuration ” , defined as the occurrence of 
spots of opposite polarity within 2° of one another and in the same penumbra [20];

— Caroubalos has shown that “ repetition centres ” (that is to say centres associated with 
many Type-IV outbursts), are capable of producing several successive geomagnetic dis­
turbances, which can be used for forecasting, especially since these centres are usually 
grouped in “ privileged areas of the Sun ” [7].

Techniques, other than optical, for the detection of solar flares have been developed. 
Mitra [21] employs the sudden enhancement of signal (SES) observed on continuous record­
ings of field strength on a distant long-wave transmission. Such sudden increases in signal 
correspond in occurrence to observations of solar flares.

In the VLF range there exists some kind of extraterrestrial noise known as “ dawn 
chorus ” , as first proposed by Tremellen, which is known to have its origin in the exosphere 
though the producing mechanism has not yet been fully understood. By a preliminary 
investigation into its correlation with ionospheric disturbances [22], Mattern has shown 
that the occurrence of “ dawn chorus ” could possibly be used as a precursor of such dis­
turbances.

Some information on the occurrence of solar flares and the duration of the associated 
short-wave fadeouts (SWF) and sudden enhancement of atmospherics (SEA), during part 
of the 1954-1964 solar cycle is given by Brice and Evans [23]. Statistical characteristics 
of the relationships between optical observations of solar flares, solar radio noise bursts, 
magnetic crochets, and the various types of sudden ionospheric disturbance have been 
studied by Mitra et al [24] for the International Geophysical Year (1 July, 1957-31 Decem­
ber, 1958). Sudden phase anomalies (SPA), observed on very low-frequency transmissions, 
are a useful means of detecting the occurrence of flares [25], and may prove to be one of 
the most sensitive. An automatic flare-detection device has been developed using the VLF- 
SPA effect. Both the SES and the SPA are of the broader class of events known as sudden 
ionospheric disturbances (SID). SID’s may occur on a radio path only when a sufficient 
portion of the path is in sunlight, therefore the average solar zenith angle for the path becomes 
a parameter in the evaluation of SES and SPA. In studies of X-ray and Lyman-a emission 
data obtained by means of satellites, Kreplin et al [26] have shown that X-rays, but not 
Lyman-a emission, are significant in the production of ionospheric effects concurrent with 
solar flares. Further, that the Sun does not normally emit X-rays in the spectral range 0-8A, 
which fall within the limits of measurement, but that most of the time when such a flux is 
observed (exceeding the limit of measurement 0-6 x 10~3 erg.cm-2^ -1 of 2 x 106 °K radia­
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tion), one or more distinct solar events are visible on the Sun. When the 0-8A flux exceeds 
2 x 10~3 erg.cm -2.s_1, short-wave fadeouts and other SID effects are noticeable on Earth. 
Also, active prominence regions, bright limb surge regions and small limb flares produce 
X-ray events apparently of the same sort as those accompanying major disk-flares. Further 
study of solar-activity associated X-ray events, it is hoped, may prove their usefulness in 
the prediction and evaluation of geomagnetic storms.

Snyder et al [27] found a very close relationship (correlation coefficient, assuming zero 
time lag, of 0-73), between the velocity of the solar wind and the geomagnetic Kp indices. 
They used data obtained from Mariner II during the period 29 August 1962 through 3 January 
1963. Little evidence of correlation was found between plasma velocity and cosmic-ray 
variations or solar activity indices.

The Cosmos, Elektron, Explorer, Mariner, and OGO experiments, among others, have 
done much to expand man’s knowledge of the Earth and its atmosphere, of interplanetary 
space, and of solar radiation and particle fluxes. The IMP-1 Experiment (Explorer XVIII), 
launched on 27 November 1963, provided accurate measurements of interplanetary mag­
netic fields [28]. Other experiments, such as OSO, have been designed primarily for the 
study of the Sun and solar activity. That real-time reporting of observations made in space 
is becoming possible was amply demonstrated by lunar-probe Ranger VII.

Satellite measurements of energetic particles could be a very useful real-time input 
to a warning system. The detection of protons over the polar region would give more definite 
information about the onset of PCA than any other system. A polar-orbiting satellite could 
provide such information on every pass. Also, the precipitation of electrons over auroral 
latitudes has been shown to be clearly associated with auroral absorption [29].

In the U.S.S.R., effective short-term forecasts for the different zones (polar-cap, central, 
north-east, and south parts of the U.S.S.R.), have been based on synoptic charts of AfoF2, 
Afmin and fEs > 4  MHz [30, 31, 32, 33, 34, 35]. This system necessitates a rapid interchange 
of ionospheric information from a network of stations, especially ones in high latitudes. 
Equally important is the need for a considerable increase in absorption-measuring stations, 
especially in high latitudes, for providing up-to-date data on which reliable short-term absorp­
tion forecasts can be based.

In the U.S.A. at I.T.S.A., a programme is under development to produce world-wide 
synoptic maps of AfoF2 by means of computer techniques. This will provide the means for 
making synoptic maps for a given instant, provided ionospheric foF2 data are digitalised and 
transmitted to the computer on a real-time basis. Ionospheric data from measurements made 
by oblique soundings and by satellites are being investigated to augment data from vertical 
soundings. Also in progress is another programme to determine the spatial and time-lag 
dependence of ionospheric characteristics. This work will help determine the optimum 
feasible distribution of ionospheric stations to provide coverage sufficiently complete for 
the synoptic mapping and other programmes.

In the field of infra-sonics, travelling pressure waves during periods of geomagnetic 
activity have been recorded by Chrzanowski et al [36], at a microphone station located at 
Washington, D.C. Other microphone stations are operating at Boulder, Colorado and 
Boston, Massachussets and a fourth is being constructed in Israel. Recent evidence indicates 
periods of from 50 to 90 s, and pressure amplitudes, zero-to-peak, from 1 to 8 dynes/cm2 
for the geomagnetic activity related pressure waves. These phenomena seem to originate in, 
or near, the auroral zones, probably near local midnight, and probably from E-layer heights 
or above. Direction-finding techniques employed by each of the four microphone stations 
should establish the origin of the infra-sonic pressure waves.
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The 27-day recurrence patterns of geomagnetic activity appear most strongly during 
the declining phase of the solar cycle. Ochs and Beckmann [37] found that disturbances 
tended to recur, even at sunspot maximum, although the recurrent period was not constant 
at 27 days, but varied from 27 to 31 days. Once a recurrent pattern has been established, 
geomagnetic and ionospheric conditions repeat after an interval of about 27 days and this 
enables forecasts to be made. In these investigations the quality figure used by the Adminis­
tration of the Federal Republic of Germany (see § 2.4) proved to be useful and, in some 
respects, even superior to other indices of short-term geomagnetic and ionospheric variations.

Considerable progress has been made in the detection and evaluation of precursors 
to geomagnetic storms and the related radio-propagation disturbances. The need is apparent 
for forecast purposes for a continuation of the rapid interchange of observations from the 
24-hour optical and radio-noise patrols of the Sun which were begun during the IGY.

The distribution system established during the IGY continues, but every effort should be 
made, to ensure that the patrol observations are continued or restarted, and that they are 
interchanged promptly through the auspices of the International Ursigram and World Days 
Service. There is an ever increasing need for certain kinds of information to be reported 
on a real-time, or near real-time, basis.

2. Usefulness and reliability of short-term forecasts

Progress in the improvement of short-term ionospheric disturbance forecast depends 
to a considerable extent on the adoption, by various Administrations, of uniform methods 
of evaluating the success of such forecasts. The large number of factors involved in radio 
propagation quality encourages the diversity of evaluation techniques that now exist. This 
report is intended to draw the attention of the various Administrations to this problem.

Several methods have been used [1] to evaluate the forecasts issued by the various Admi­
nistrations. They are as follows:

2.1 M =  (x-ky)/S  (used by the United Kingdom) 

where

M  is a measure of the usefulness of short-term forecasts, 
x  is the number of storm days for which correct forecasts were issued, 
y  is the number of quiet days for which storm forecasts were issued (i.e., false alarms), 
S  is the total number of storm days,
k  is an arbitrary constant depending on how the traffic handling capacity of the

system is affected by a storm and on the degree of traffic interruption which
results from unnecessary action taken following the receipt of a false alarm (United
Kingdom experience suggests that k  = 0-5 is a reasonable value).

2.2 R = A2/S\S 2 (suggested by Japan) 

where

A is the number of storm days correctly forecast,
51 is the number of storm days forecast,
52 is the number of actual storm days.

The index M  is designed to measure the usefulness of a set of short-term predictions 
in a radiocommunications organization. On the other hand, the index R  is based on purely 
statistical considerations. When the accuracy of a set of predictions is low, the index R
gives an over-optimistic estimate of the usefulness of the predictions from the point of view
of the communications engineer. Further details of this comparison between M  and R 
are given by Minnis [38].



Rep. 247-1 — 232 —

2.3 At I.T.S.A. in the U.S.A., radio-propagation quality, both forecast and observed, is expressed 
on a scale of 1 (unusable) to 9 (excellent). A forecast is considered to be a success when it 
differs from the observed figure by not more than one unit. The ratio of successes to total 
number of forecasts, in terms of percentage, is computed. Periods observed to have been 
quiet and disturbed are analysed separately. It is desirable, in evaluating any set of forecasts, 
to note that the correct forecasting of a deterioration in propagation quality is of greater 
inherent worth than the correct forecasting of a continuance of an existing situation.

The C.R.P.L. technique is covered extensively in the CRPL-RWS descriptive literature 
available, on request, from C.R.P.L. Radio Warning Services in the U.S.A. (see Report 
248-1). The CRPL-RWS literature also describes fully the forecast services available from
I.T.S.A. (C.R.P.L.).

2.4 At the FTZ in the Federal Republic of Germany, a quality figure is in use which takes 
into account the highest and lowest observable frequency for a given path as well as the 
received field strength, and which relates the quality of a given day to the average conditions 
of one solar rotation [39]. This quality figure brings to evidence variations of propagation 
conditions not only during disturbed periods but also during quiet periods. It is used also 
for comparison with short-term forecasts and the study of their reliability [40].

3. Diurnal distribution of the times of onset of ionospheric disturbances and stability of foF2 
during disturbed conditions

In the U.S.S.R., statistical studies of ionospheric disturbances have been made which 
show that disturbances usually commence during night hours. Thus, “ forbidden ” intervals 
for storm commencements have been found for every ionospheric station in the U.S.S.R. 
These results have enabled short-term forecasts to be made more accurately [41]. Studies 
of the rapid changes of foF2 during the storms showed that the F2 layer is sufficiently stable 
to permit useful extrapolation of values of foF2 a few hours in advance.

Liakhova [42] found that, in the auroral zone during disturbance, when reflections from 
the F2 layer do exist, foF2 does not undergo strong fluctuations over periods of 15 to 30 
minutes. This indicates that relatively stable communications may be possible in the high 
latitudes during the disturbed periods.
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REPO R T 248-1 *

AVAILABILITY AND EXCHANGE O F BASIC DATA 
FO R  RADIO PRO PA G A TIO N  FORECASTS

(Study Program m e 10A/VI, Recom m endation 313-1)

(1951 -  1953 -  1956 -  1959 -  1963 -  1966)

1. Introduction

Propagation of radio signals in the range 3 to 30 MHz is practicable over any but the 
shortest distances, mainly because of the possibility of obtaining ionospheric and ground 
reflections which result in small values of attenuation. Satisfactory communications for 
a given circuit can generally be obtained if the operating frequency lies between a lower 
(LUF) and an upper (operational MUF (MUF)) frequency limit. These are determined 
by ionospheric characteristics. The operational range of frequencies has been found to be 
even more restricted with some forms of high capacity communication systems.

Since only a limited range of frequencies can be used, it is desirable to have, as far 
in advance as possible, information on the probable values of these upper and lower limits, 
as well as short-term forecasts and disturbance warnings. Collectively, these predictions 
(long-term) and forecasts (short-term) and disturbance warnings provide information for 
planning and operating personnel, that can be utilized in making the most economical use 
of the limited resources of equipment and frequency spectrum. The long and medium-term 
predictions are indicative of representative ionospheric conditions, so that it is extremely 
useful to operating personnel to be warned of impending ionospheric disturbances in order 
that traffic can be re-routed, instructions can be issued in advance to cover temporary 
adjustments in the normal operating frequency, and the performance of other systems 
affected by the ionosphere can be assessed.

* This Report was adopted unanimously.
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2. Available data for radio-propagation forecasts

2.1 Long-term predictions

Organizations in several countries now prepare predictions of ionospheric conditions 
from one month up to twelve months in advance (see Annex); for general planning purposes, 
predictions for a complete solar cycle are also made by some organizations. These predic­
tions are for representative ionospheric conditions. The information is usually issued in 
the form of charts which are applicable to any part of the world and are available for inter­
change between the organizations undertaking this service.

2.2 Forecasts o f disturbances

Organizations in several countries now prepare forecasts of ionospheric disturbances 
from a few hours to twenty-seven days in advance (see Annex). These forecasts are supple­
mental to the long-term predictions, since the occurrence of ionospheric disturbances, which 
cannot be forecast for long periods in advance, may modify considerably the frequency 
range within which satisfactory operation can be maintained on a particular circuit. Oper­
ating organizations have shown interest in these short-term forecasts to such an extent 
that they are now being regularly transmitted by radio at scheduled times (see Annex).

2.3 Working documents for long-term predictions

The following documents are sources of MUF (EJF), FOT and field-strength data, 
for use with predicted sunspot numbers in making long-term predictions for any part of the 
world:

— Australian I.P.S. Contour Maps, 1947 and 1951;
— I.F.R.B. technical standards, published by the International Telecommunication Union 

(1955-1959);
— United States of America NBS Technical Note 2—World maps of F2 critical frequencies 

and maximum usable frequency factors, April 1959;
— United States of America NBS Technical Note 2-2—Supplementary world maps of F2 

critical frequencies and maximum usable frequency factors, October 1960;
— Japanese Radio Research Laboratories (Tokyo, Japan)—World maps of F2 critical 

frequencies and maximum usable frequencies for 4000 km, August 1958;
— British Radio Research Station, Slough, England—Predictions of radio-wave propagation 

conditions for the sunspot-minimum epoch 1954-1955, April 1954;
0

— British Radio Research Station, Slough, England—Standard charts of radio-wave pro­
pagation conditions for the sunspot maximum epoch, July 1959.

Some of the above-mentioned data were produced when there was considerably less basic 
information and understanding of the physical properties of the ionosphere than exist now, 
so that discretion should be exercised in their use.

3. Exchange of basic data used in short-term forecasts

3.1 For many years, scientific information of direct interest to those concerned with ionospheric 
forecasts and disturbances has been broadcast by certain countries, in programmes known 
as Ursigrams. Since 1962, through the International Ursigram and World Days Service 
(I.U.W.D.S.) (a Permanent Service of U.R.S.I. in association with I.A.U. and I.U.G.G. 
adhering to the Federation of Astronomical and Geophysical Services), these data are collect­
ed, coordinated and exchanged by rapid means through suitable interchange synoptic codes. 
These programmes provide a means of exchange of summary information required within 
48 hours, after its collection, for the preparation of short-term forecasts and similar urgent
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purposes. These exchanges are made through regional networks, composed of observatories* 
laboratories, communication agencies and regional centres. The regional centres in turn 
exchange, once a day, summaries of information on solar flares, sudden ionospheric disturb­
ances, solar corona and radio emission, sunspots, ionospheric and magnetic activity, as 
well as forecasts. The regional warning centres (RWC) in France, Federal Republic of 
Germany, Netherlands, Japan and U.S.S.R., plus associate regional centres in Australia, 
Czechoslovakia, India, Sweden and U.S.S.R. (Irkutsk), collect data in their regions and 
forward them by telegraph to the I.U.W.D.S. World Warning Agency (near Washington,
D.C., U.S.A.), which has also collected data from its region. The I.U.W.D.S. World Warning 
Agency makes the final decisions, having advice available from the other centres, whether 
or not to declare a worldwide GEOPHYSICAL ALERT (issued shortly after an exceptional 
solar or geophysical event has occurred or started)—periods during which many geophysical 
stations carry out special observing programmes. These decisions are distributed throughout 
the world to scientific stations participating in the programme by various rapid means, 
in particular over the meteorological teleprinter networks coordinated by the W.M.O.

3.2 Types of data exchanged among the various regional centres are those concerning solar 
flares, solar corona, solar radio emission, cosmic rays, critical frequencies of the ionosphere, 
ionospheric disturbances, terrestrial magnetism and radio-propagation quality. Data are 
collected and transmitted in simple synoptic codes. Code booklets are available from 
Dr. P. Simon, Secretary, I.U.W.D.S. Steering Committee, Observatoire de Paris, 92, Meudon 
(France) or Miss J. Virginia Lincoln, Deputy Secretary, I.U.W.D.S. Steering Committee,
I.T.S.A., E.S.S.A., Boulder, Colorado, 80302, U.S.A. A manual containing essentially 
all the solar and geophysical codes in use anywhere since 1950 may be obtained from the 
Secretary General, U.R.S.I., 7, place Emile-Danco, Uccle, Brussels 18, Belgium. The 
regional centres from which details may be obtained concerning data and schedules of broad­
casts and/or reports are listed in the Annex.

3.3 The Annex lists the centralizing agencies, which have been designated by their respective 
Administrations, for the reception, coordination, liaison and exchange of information relat­
ing to radio propagation.

ANNEX

LIST OF ORGANIZATIONS CONCERNED WITH THE EXCHANGE OF DATA 
AND THE ISSUING OF FORECASTS OF PROPAGATION CONDITIONS

A : an agency for the general exchange of information on propagation,
RC *: a regional centre of the I.U.W.D.S. for the rapid exchanges of data required for short­

term forecasts of disturbances,
L : the organization issues long-term predictions. The periods ahead for which predictions

are made are shown (in months),
S : the organization issues short-term forecasts of disturbances,
WDC: designated as a world data centre beginning with the IGY.
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Country Organization Address A RC L s

Argentina L.I.A.R.A. L.I.A.R.A.,
Av. Libertador No. 327 

Vicente Lopez 
Republica Argentina X 3

Australia Officer-in-charge,
International Section,
P.M.G.’s Department,
Treasury Gardens, Melbourne, C.2 
Tel. address: Gentel, Melbourne. X

I.P.S. Ionospheric Prediction Service, 
Sydney, New South Wales 
Tel. address: IPSO, Sydney X 3 X

Belgium Chef du Service du Rayonnement, 
Institut Royal meteorologique,
3, Avenue Circulaire, Uccle, Brussels X

Brazil C.T.A. Centro technico de Aeronautica, 
S. Jose dos Campos,
Sao Paulo

X 1

l.P.M. lnstituto de Pesguisos de Marinha, 
Ministerio de Marinha,
Rio de Janeiro

1

Canada D.O.T. Telecommunication and Electronic Branch, 
Department of Transport,
Ottawa

X

China R.W.R.L. Radio Waves Research Laboratories, 
Directorate General of Telecommunication, 
P.O. Box No. 84,
Taipei, Taiwan X X

Spain Departamento de Servicios Tecnicos de Tele- 
comunicacion,
Division General de Correos y Telecomuni- 
cacion, Madrid X

United States I.T.S.A. Institute for Telecommunication Sciences and 
Aeronomy, Environmental Science 
Services Administration,
Boulder, Colorado 80302 X 6 X
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Country Organization Address A RC L s

Telecommunication and Space Disturbance 
Services Center Box 178, Fort Belvoir, 
Virginia 22060 X X (l)

R.C.A. Inc. R.C.A. Incorporated,
66, Broad Street, New York, N. Y. 10004 X

France C.N.E.T. Centre National d’Etudes 
des telecommunications

(a) Service des Ursigrammes
Observatoire de Paris 92 Meudon X X X (2)

(b) Division des Previsions ionospheriques 
Chateau de la Martiniere 91 Saclay X 6

India Council of 
Scientific and 
Industrial 
Research

The Secretary,
Radio Research Committee, 
National Physical Laboratories, 
Hillside Road, New Delhi, 12 X X 6

India
Meteorological
Dept.

Kodaikanal
Observatory X

All India 
Radio

Research Department, All India Radio 
Indraprastha Estate, New Delhi-1 X X

Italy Istituto Nazionale di Geofisica,
Citta Universitaria, Roma 
Tel. adress: Geofisica, Roma.
(All messages should begin with the Word 
“ Ionosphere ”) X

Japan R.R.L. Radio Research Laboratories,
Ministry of Posts and Telecommunications, 
Kokubunji, Tokyo (WDC) X X 3 X ( 3 )

(x) Warnings radiated from WWV.
(2) Warnings radiated from Pontoise.
(3) Warnings radiated from JJY.
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Country Organization Address A RC L s

Mexico S.C.T. Direction general de Tetecommunicaciones, 
Estacion de radiosondes ionosferico,
Xola y Universidad,
Mexico, (12) D.F. X

New Zealand Carter Observatory (Wellington) X

Netherlands P.T.T. Afdeling “ Ionosfeer en Radio-astronomie ”, 
St. Paulus St. 4, Leidschendam

X

P.T.T. P.T.T. Receiver Station, 
Nederhorst-den-Berg X

Federal 
Republic of 
Germany

F.T.Z. Fernmeldetechnisches Zentralamt (Arbeitsge- 
meinschaft Ionosphare).
Rheinstrasse, 110, Darmstadt.
Tel. address: Ionosphare, Darmstadt X X 3 X

United
Kingdom

R.S.R.S. Director,
Radio and Space Research Station 

Ditton Park
Slough, Buckinghamshire
Tel. address: Radsearch, Slough (WDC) X 6

Republic of 
South Africa

C.S.I.R. Telecommunications Research Laboratory, 
Department of Electrical Engineering, 
University of Witwatersrand, 
Johannesburg X 1

Sweden Board of Telecommunications, 
Radio Department,
Fack, Farsta 1
Tel. address: Genradiotec,
Stockholm X X

Switzerland Division Radio et Television, 
Direction Generale des P.T.T., 
Speichergasse, 6, Bern. X

Czechoslovak
S.R.

Geophysical Institute, 
Academy of Sciences, 
Bocnl 2,
Praha 4, Sporilov X
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Country Organization Address A RC L s

U.S.S.R. IZMIRAN Scientific Research Institute of Terrestrial 
Magnetism, Ionosphere and Radio Wave 
Propagation,
Moskovskaya Obi.,
P/O Akademgorodok

X X

12
and

1 x ( x)

SIBIZMIR Irkutsk X X

(x) Warnings radiated from RDZ and RND.

REPO RT 249-1 * 

IO N O SPH ER E SOUNDING AT O BLIQ U E INCIDENCE

(1959- 1963 -  1966)

1. Introduction

During the past twenty years, considerable development of the technique of probing the 
ionosphere at oblique incidence has occurred [1]. Progress continues to be made both in 
equipment techniques and in application of the data to the understanding of ionospheric 
phenomena.

This Report concerns chiefly experiments in which pulse equipment is located at both 
ends of the propagation path. Equipment for operational use in this way is now offered 
by several manufacturers.

Single frequency pulse transmissions reveal more information about ionospheric modes 
than CW transmissions; however, the use of sweep-frequency or step-frequency transmissions 
provides much more information and easier interpretation of data. Circuit design and 
synchronization is eased by frequency stepping rather than by frequency sweeping and at 
the same time very little is lost in interpretation of data.

2. Sweep-frequency and step-frequency results at HF and VHF

2.1 The existing theories of propagation seem to be adequate for calculating standard MUF 
(EJF) for distances up to several hundred kilometres. Oblique-incidence pulse tests in Canada 
[2], France [3], Federal Republic of Germany [4] and in the U.S.A. [5, 6] indicate that the 
classical MUF (JF) is observed to be 3% to 10% higher than the standard MUF (EJF) 
for paths up to about 4000 km.

2.2 For high-latitude paths, the classical MUF(JF) for transmission distances in the 2000 - 
3400 km range is normally controlled by the FI layer especially in the summer [7]. For 
long paths, the one hop F2 (Pedersen ray) is the principal mode [8] under certain conditions

* This Report was adopted unanimously.
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over a wide range of latitudes. For certain distances, the FI layer may determine the highest 
classical MUF(JF), especially in summer daytime during periods of low solar activity.

Analysis of Es occurrence on oblique-sounding observation and comparison with vertical 
incidence observations reveal that frequently Es is observed vertically which is not important 
on oblique transmissions; however the blanketing type of Es does appear to be effective. 
The reflection coefficient of Es and the ionosonde equipment characteristics must be consi­
dered in estimating the usefulness of Es as a reflector at oblique incidence [9].

2.3 For north-south paths, the frequency difference between the two magneto-ionic components 
is reported not to differ appreciably from that at vertical incidence. However, east-west 
paths in the U.S.A. show a decrease in separation between the classical M UF’s (JF’s) for 
the ordinary and extraordinary modes as the path length increases. The separation at 2400 km 
is about 0-2 MHz [10].

2.4 A study of pulse amplitudes at frequencies near the classical MUF(JF) for a 2370 km east- 
west path in the U.S.A. indicates that “ classical MUF(JF) focusing” amounts, on the 
average, to no more than about 6 dB [10].

2.5 Reciprocity measurements, using oblique-pulse methods have been made to record the signal 
strength and fading characteristics; high correlation between fading pulsed signals received 
simultaneously at each end of a path is observed when the signal contains only one magneto- 
ionic component. When both magneto-ionic waves were present of comparable strength, 
and using horizontal antennae for transmitting and receiving, the fading correlation was 
low [11, 12]. Theoretical studies have explained these observations and have indicated cor­
rective procedure [13].

3. Measurements of angle of arrival

Tests carried out on the relative merits of high and low antennae have yielded useful 
statistics on vertical wave-arrival angles to be expected on long-distance HF circuits [15]. 
The values observed are greater than those anticipated by ray tracing calculations.

Work carried out in the United Kingdom over many years has associated the angles 
of arrival from a number of listed transmitters with the propagation modes. However, 
there are notable departures from the simple theoretical calculations [15].

4. Application to practical HF communication links

Results from frequency sounding studies have led a number of workers [2, 16, 17] to 
suggest that frequency sounding equipment could be used in parallel with a communications 
system to determine optimum, short-term operating frequencies. A number of studies have 
now been carried out [18, 19] and are being considered, which are designed to determine 
the improvements that can be achieved from the use of sounding information.

Improvement in radiocommunications during disturbed propagation conditions has been 
achieved, due to effective selection and use of available operating frequencies when predic­
tions or pre-arranged operating frequency schedules are inaccurate.

It has been found that sounding information can be a valuable aid in assessing the 
performance of the communication system. With propagation removed as an unknown 
variable, any defects in, or limitation of, the communications system performance can be 
more readily discovered.

It was found during frequency sounding trials, that many frequencies assigned to stations 
in a particular system were not extensively used, although they could support reliable trans­
missions.

16
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Inaccuracies in sounder prediction of propagation characteristics result from sounding 
over an ionospheric path separated from the ionospheric path used by the communication 
system. These differences are of particular importance, when sounding is used for quanti­
tative prediction of signal levels on a communication path separated from the sounding 
path by several miles or more, and/or in opposite directions on a non-reciprocal HF path [13]. 
Preliminary studies [20] have shown that for separation of ionospheric paths by 16 km, 
these differences can be reduced to less than 10 dB by averaging sounding information over 
a number of short-term fading correlation periods.
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LONG-DISTANCE IO N O SPH ER IC  PROPAGATION 
W ITH O U T INTERM EDIATE GROUND REFLECTIO N

(1959 -  1963 -  1966)

1. It is now well established that there are modes of propagation by means of the regular 
ionospheric regions, by which HF and VHF radio waves can travel to great distances in 
or below the ionosphere, over low absorption paths, without intermediate ground reflection. 
The distances in question extend from the classical geometrical limit of a single-hop out 
to 10 000 km.

Modes of propagation which are now recognized include:

— normal one-hop propagation including both direct and Pedersen rays;
— ionospheric ducting between E- and F-regions;
— those resulting from horizontal ionization gradients, such as the equatorial F-region 

ionization trough.

2. Both direct and Pedersen-ray propagation have been observed [1] to well beyond the clas­
sical geometrical limit of single hop (4000 km). The relative amounts of power transmitted 
by the Pedersen and direct rays have been considered [2], The Pedersen ray has been observed 
on North American [3] and on trans-Atlantic paths [2, 3, 4]. The one-hop mode provides 
explanations for communication often observed at frequencies above the classical geometrical 
limit of single-hop propagation.

3. Some theoretical work has been carried out on the various modes of propagation possible 
by way of ducting between the E- and F-regions, including the suggestion of some cases 
of non-reciprocity [5].

4. Long-range trans-equatorial propagation has been observed, and explanations have been 
proposed, following studies of the ionization gradient in the equatorial F-region trough 
[6, 7, 8]. It is suggested that both layer tilt and scattering processes may affect this type 
of long-distance propagation. It is theoretically possible for a ray refracted through an 
ionization gradient, to emerge from the ionosphere, travel in a straight line above the earth’s 
surface, re-enter the ionosphere and then undergo further refraction. It has been found [1] 
that, even if horizontal gradients are ignored, long-range trans-equatorial propagation can 
be explained on the basis of normal one-hop propagation.

5. The proposed mechanism of a series of internal ionospheric reflections or refractions is 
attractive for explaining round-the-world echoes which, under certain conditions, show 
remarkably low dispersion and attenuation between successive echoes [8, 9, 10, 11, 12].

6. Ionospheric soundings from a satellite [13, 14] have shown the existence of significant sheets 
of ionization irregularities above the height of a maximum electron density of the F-region. 
These sheets probably extend to heights below the height of maximum electron density,

* This Report was adopted unanimously.
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where they may be responsible for long-distance propagation of frequencies above the stand­
ard M UF (EJF) [15] at high latitudes. At low latitudes, they are probably responsible for 
trans-equatorial scatter propagation [16].

7. It is hoped that future ionospheric sounding satellites may spend part of their time in the 
ionized regions to advance the study of the duct mode of propagation. Theoretical studies 
have been made of this mode of propagation [17, 18, 19].
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INTERM ITTEN T COM M U N ICA TIO N  BY M ETEOR-BURST PROPAGATION

(Study Program m e 15A/VI)

(1959 -  1963 -  1966)

1. Introduction

The subject of VHF propagation by reflections from columns of ionization produced 
by meteors (meteor trails), has been referred to in Report 259-1, where signals inadvertently 
so transmitted were considered in terms of their ability to cause interference. It is now clear 
that this propagation mode can be used for communications.

2. Summary of available information

2.1 Complete information is not available on the geographical distribution of the meteors im­
portant in this mode of transmission and of their preferred directions. Some data exist on 
the distribution of meteor-ionization over parts of Canada, the Federal Republic of Germany, 
the United Kingdom, the United States, Australia, New Zealand and Italy. The data avail­
able are probably adequate for prediction within 10 dB, but this possibility has not yet been 
demonstrated.

2.2 Theoretical computations indicate that, for a given transmitter power, the average informa­
tion rate of an intermittent system can increase with increasing bandwidth.

2.3 Experimental single-channel two-way telegraph circuits have been operated in the 30 to 
40 MHz frequency range, over distances of 600 to 1300 km with transmitter powers of 1 
to 3 kW. One-way transmissions of voice and facsimile have also been made with trans­
mitter powers of 1 kW and 20 kW respectively. Experimental results have indicated the 
possibility of useful transmission, in bandwidths up to 100 kHz, for time intervals of the 
order of one second and duty cycles of the order of 5%. However, it should be noted 
that the duty cycle decreases with increasing frequency.

2.4 Reflections from meteor-ionization trails are highly dependent upon path geometry. This 
characteristic results in propagation which is dependent on geographical location, path 
orientation, operating frequency and time. Optimum conditions usually occur a few (5° 
to 10°) degrees off the great circle path.

2.5 During the burst interval, the system loss is significantly less than that associated with ionos­
pheric scatter. This suggests the use of meteor-burst propagation for mobile and airborne 
installations (requiring less power and antenna gain). Meteor-burst propagation may also 
be useful in geographical regions where ionospheric-scatter losses are unusually high.

* This Report was adopted unanimously.
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2.6 Meteor-burst propagation is known to be subject to abnormal attenuation, as for example, 
during polar-cap absorption events and sudden ionospheric disturbances. As would be 
expected, the absorption effects are less at higher frequencies as shown by measurements 
on 104 MHz and 41 MHz. But note that attenuation as high as 30 dB at 100 MHz has been 
observed on rare occasions during polar-cap absorption events.

2.7 Few data are available at frequencies above 100 MHz.
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ESTIM A TIO N  OF SKY-WAVE FIELD  STRENGTH AND TRA N SM ISSIO N  
LO SS BETW EEN TH E A PPRO X IM A TE LIM ITS 

O F 1-5 AND 40 M H z

(Study Program m e 11 A/VI)

(1956 -  1959 -  1963 -  1966)

1. Introduction

Since improved methods of estimating sky-wave field strength and transmission loss 
are of a great practical importance to the various Administrations and to the I.F.R.B., an 
International Working Party was established by Study Group VI, Warsaw, 1956, to examine 
the relative merits of existing methods. The initial task of this International Working Party 
was the evaluation of the method of RPU-9 [1], which was being used extensively in lieu 
of the methods of NBS Circular 462 [2]. This latter method forms the basis of I.F.R.B. 
technical examinations. However, several other methods of field-strength prediction have 
been produced, those of the U.S.S.R. [3, 4], the United Kingdom [5], France [6, 7, 8, 9,10], 
the Federal Republic of Germany [9, 10, 11] and Japan [12]. In addition to these methods, 
India has developed a method for tropical areas [13]. The methods of RPU-9, U.S.S.R. 
(Kazantsev) and the Federal Republic of Germany (Rawer), have been adapted for evaluation 
by electronic computer.

Although the International Working Party had already concluded at an early stage that 
the method of RPU-9 was in general more satisfactory than that of NBS Circular 462, 
the fact that several other methods are now available makes it desirable to consider these 
also. Resolution 7-1 revises the task of the International Working Party to produce a 
preferred C.C.I.R. method, adapted for evaluation by electronic computers and continues 
a measurement programme to assist in its development.

2. Summary of major factors determining transmission loss

Since there appears to be reasonable agreement among the methods with regard to 
most of the factors involved in propagation at frequencies below the MUF, it should not 
be difficult to find suitable compromises for these factors. In arriving at such compromises, 
the simplicity of the resulting method and its amenability to use with computers should 
be kept in mind. The general problem of calculating the transmission loss for ionospheric 
sky-wave propagation may be summarized as follows.

2.1 For frequencies below the classical MUF (JF) and distances less than about 4000 km, the 
modes of propagation are relatively simple and reasonably well understood. Calculation 
of transmission loss may be based upon propagation via the classical modes in the plane 
of the great circle path, taking due account of deviative and non-deviative absorption, 
and the vertical angles of departure and arrival, together with the corresponding gains 
of the transmitting and receiving antennae in the great circle plane.

* This Report was adopted unanimously.



2 For frequencies below the classical MUF (JF) and distances beyond about 4000 km, experi­
mental evidence shows that the mode structure often becomes very complex and deviations 
from the great circle path may occur, particularly when considering the longer paths. In 
addition, for the case of trans-equatorial paths, propagation may occur over long distances 
without intermediate ground reflections (by so called super-modes). Hence there are grounds 
for doubt that a calculation, based upon conventional great circle modes, is either warranted 
or necessary. Further investigation of the nature of very long-distance propagation is 
necessary before the best approach can be determined.

An important consideration in the practical calculation of transmission loss of field 
strength is the continuity of calculated values as a function of distance. If two different 
procedures are used, one for intermediate and the other for. long ranges for the calculation 
of field strength, it may be preferable to make both calculations in the transition range, and 
thus provide an estimate of the extent of any discontinuity introduced by the two procedures. 
Ultimately, it may be desirable to adopt one procedure of calculation for both distance ranges, 
to preserve continuity throughout the transition region.

The variations of absorption with latitude, and the relative contributions of deviative and 
non-deviative absorption for oblique incidence propagation are not well understood. Enhanced 
absorption in tropical and auroral regions may be of importance, as also may absorption at 
nighttime. Night absorption has been investigated by Wakai [14]. During the winter months, 
an enhanced absorption occurs in sub-auroral latitudes. Periods of several consecutive 
days with excessive absorption are often observed to alternate with normal days, thus making 
the day-to-day spread of received field strength considerably greater than in summer.

4 Over the shorter distances, the one-hop sporadic-E mode and the laterally deviated 2-hop 
F2 mode with ground scatter sometimes give relatively low transmission-loss propagation. 
Of these, the sporadic-E mode seems to be the more important. The sporadic-E layer may 
also influence the signal strength of waves that are propagated via the F layer for frequencies 
below the classical MUF (JF). The presence of such a lower layer may serve to reflect back 
to ground some of the incident energy, thereby weakening the penetrating wave.

Meteors give occasional short-lived bursts of strong signal, and for frequencies just 
above the classical MUF (JF), continuous propagation of relatively low transmission loss 
may result from the combination of forward scattering by irregularities in the D and E 
regions, together with ordinary reflections from the F2 layer. However, these modes are 
not believed to be of sufficient importance at the shorter distances for consideration at 
present. Direct forward-scatter from D-region irregularities affords continuous propagation 
at frequencies well above the classical MUF (JF), but the transmission loss is high.

5 At distances well beyond 4000 km, relatively low transmission-loss propagation may be 
observed at frequencies above the standard MUF (EJF). Propagation may take place via:

— multi-hop classical modes laterally deviated via ground side-scatter into regions of 
higher electron densities and corresponding higher MUF;

— direct or side-scattered multi-hop sporadic-E modes;

— the combination of scatter in the D or E region, together with a classical F-region reflection;

— the extra-long Pedersen-ray hop.

Examples of this last have been reported [15].
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3. Special features of the existing methods of field-strength prediction

3.1 NBS Circular 462 contains one procedure for distances up to about 4000 km and a second 
procedure for longer distances. The long-distance procedure is presented in a simple nomo­
gram and both procedures have adjustments for the anomaly of increased absorption during 
winter.

3.2 The method of RPU-9 is continuous throughout the entire distance range and relatively 
simple nomograms permit a direct manual solution. Estimates of the height of the F2 
region, as a function of time and location, permit the consideration of the vertical pattern 
of the transmitting and receiving antennae. The method has been used extensively for appro­
ximately one and one half solar cycles and has been recently revised [16], to give special 
consideration to auroral and polar circuits, to include the calculation of transmission loss 
and to be adapted for electronic computers.

3.3 The Kazantsev method permits a direct estimate of field strengths when foE is known and 
therefore no arbitrary index of D-region absorption is required. A computer calculation 
for this method has been worked out in the U.S.S.R. for the calculation of the lowest usable 
high frequency (LUF) and the field strength [17]. A comparison of the results of the compu­
ter and manual calculations showed a satisfactory correspondence.

3.4 The method of Piggott incorporates an allowance for the greater absorption experienced 
in tropical regions than would be expected assuming a direct dependence upon the zenith 
angle of the Sun. It makes use of vertical incidence absorption data obtained at a number 
of locations and allows for absorption in the early night hours by assuming a finite recombin­
ation time for the lower ionosphere. Expressions for spatial attenuation take account 
of horizon focusing near the limits of one-hop propagation.

3.5 The French method originally developed by Rawer at SPIM is applied to frequencies below 
the classical MUF (JF) and distances up to about 10 000 km. The modes of propagation 
(on the great circle) are considered individually taking account of deviative and non-deviative 
absorption and, in so far as F-layer echoes are concerned, of blanketing by E- and Es-layers. 
Curves of 30 and 90% probability are normally given (otherwise blanketing by Es could 
not be taken into account). Thus the prediction is essentially a statistical one. Rules are 
given as to how the angles of elevation for the different modes can be included for a given 
vertical antenna diagram.

The extension of the method developed by Harnischmacher (also originally developed 
at SPIM) is suitable for larger distances. It is a combined method of looking for the atte­
nuation and the reflection conditions at the same time. Essentially, a ray with a given fre­
quency, angle of elevation and azimuth is considered, and these parameters are then varied. It 
appears that for very large distances those frequencies are the most interesting ones which are 
reflected from the F-layer on the night-side and from the E (or Es) layer on the day-side. 
The method admits off-great circle propagation to a certain amount such that, for distances 
above 16 000 km the contributions from different azimuths are summed up. The attenuation 
is computed from the local absorption (given by a solar zenith angle law) on the day-side 
by averaging over the different E-layer reflections, taking account of the given angle of 
elevation. Whilst the influence of steep horizontal ionization gradients is considered in 
some way by admitting off-great circle propagation, the angle of elevation of the considered 
ray is supposed to be the same for all earth reflection points.

3.6 Beckmann’s semi-empirical method applies mainly to distances beyond 4000 km. It does 
not attempt to give a full answer to the problem of field-strength calculation. Its main
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intention is to extrapolate the field strength from the LUF through the usable frequency 
range up to the operational MUF (MUF), the LUF being determined either by calculation 
using existing methods, provided that the LUF is sufficiently below the classical MUF (JF), 
or by observation. Scatter losses below and above the classical MUF (JF) are taken into 
account, together with deviative absorption, by introducing a second attenuation term pro­
portional to (//operational MUF)2 [(//MUF)2]. The operational MUF (MUF), taken for a 
certain level of field strength, is determined by observation or by applying an empirical 
correction factor to the standard MUF (EJF). So the method yields a maximum of the 
estimated field strength near to the middle of the usable frequency range and a decrease 
for higher frequencies, as is confirmed by observations. The method can also be used for 
converting the field strength at any one frequency to that which is to be expected at another.

3.7 The Japanese method considers the calculation for propagation paths involving side-scatter 
the MUF of which is equal to the frequency used, or the least value above that frequency, 
when no F2 normal propagation can take place. By application of an experimental equation, 
the attenuation of the ground side-scatter mode is given as a simple function of the angle 
between the normal reflecting wave and the side-scattering wave. It is suggested that an 
allowance for the effects of ground side-scatter should be incorporated in all field-strength 
calculation methods.

3.8 The method of the Indian Administration uses an expression for non-deviative absorption, 
based upon a long series of vertical absorption measurements in India. An allowance of 
2 5 dB, for losses due to deviative absorption by night, is incorporated and there is assumed 
to be a 3 dB polarization loss. Spatial attenuation is taken as including the effects of horizon 
focusing.

4. Comparisons between calculated and measured field strengths

4.1 The United Kingdom has made measurements of field strength from transmitters employed 
on long-distance operational circuits and has compared these measurements with calculations 
based on the method of RPU-9 [18]. In general, the measured values of field strength are 
considerably lower than the calculated ones, in particular, during night-time conditions, 
when the differences may go up to 20 dB. It must be mentioned here that the maximum 
antenna gain has been introduced into the calculations, since the true angle of elevation 
was unknown; correction for this influence should certainly tend to reduce the difference.

4.2 The Japanese have compared observations extending over a long period of time with values 
calculated by the Japanese method. A good agreement was reported, but it must be empha­
sized that the number of comparisons made was rather limited [19].

4.3 Field-strength values calculated by means of Beckmann’s method for a transatlantic circuit 
(15 and 20 MHz), using monthly predictions of the FTZ (F.R. of Germany), have been 
compared with measured values since 1958. The diurnal variations of 8 months’ data (high 
solar activity) show clearly the dependence of the field strength on the operational MUF 
(MUF) [20]. The general trend of the annual mean values during 5 years of the declining 
phase of solar activity (slight increase at 15 MHz, rather steep decrease at 20 MHz), is well 
reproduced by the calculation.

4.4 It is reported by India that their method, developed for calculating sky-wave field strengths 
for the tropical broadcasting service, gives the closest agreement with measured field strengths 
when compared with other methods of prediction [21],
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REPO R T 253-1 *

SYSTEM ATIC M EA SU REM EN TS O F SKY-WAYE FIELD  STRENGTH 
AND TRA N SM ISSIO N  LO SS AT FREQ U EN CIES 

BETW EEN TH E A PPRO X IM A TE LIM IT S O F 1-5 AND 40 M H z

(Study Program m e 11 A/VI)

(1963 -  1966)
1. Introduction

Field-strength measurements in the frequency band between 1-5 and 40 MHz are 
required to provide the International Working Party VI/1, with experimental data to compare 
with the values of field strength derived from the various methods of prediction under 
consideration. This Report is intended as a guide to Administrations and organizations 
on the possible methods for obtaining and presenting the required experimental data. It 
is emphasized that the need for these experimental data is urgent.

Those which already have experimental data, that can be used by the International 
Working Party, are invited to forward their data to the Working Party through the Director, 
C.C.I.R. as soon as possible. It would be of great assistance to the Working Party if the 
data could be presented in accordance with the suggestions made in § 4 and § 5 of this 
Report.

Note. — In this Report, the term “ field strength ” is considered to include the term “ trans­
mission loss ” where appropriate.

2. General considerations

The organization of the work for obtaining these experimental data falls naturally 
into two parts:
— selection of suitable transmissions and the location of receiving stations;
— recording and compilation of data, in a form suitable for comparison with calculated 

values of field strength.
Ideally, the methods of transmission and reception should be of a standard type and 

for this reason, it was originally proposed that the transmitters should be those in use for 
standard-frequency transmissions, since they provide a service 24 hours per day and are 
effectively radiating a continuous wave of carefully controlled frequency and power from a 
standard omnidirectional antenna. Some key receiving stations were also proposed, having 
special reference to the possibility of locations in the countries participating in the work 
of the International Working Party.

It has been found, however, that the standard-frequency transmissions are not of suf­
ficient power to provide adequate field strength for measurement purposes at great distances; 
moreover, under these conditions, there is serious mutual interference due to frequency 
sharing between these transmissions. It is, therefore, necessary to contemplate the use of 
more powerful transmissions and the possibility of using the transmissions on existing broad­
casting or point-to-point services needs to be considered.

However, many organizations are experienced in making field-strength measurements, 
so that it should be possible to obtain reliable data that can be compared with less uncer-

* This Report was adopted unanimously.
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tainty than is implied in predicting day-to-day and hour-to-hour variations of field strength. 
Thus, data in which the absolute value of field strength may be somewhat doubtful as 
compared with those obtained on a standard set, may yet provide valuable information on 
diurnal variations of field strength that would be differently predicted according to the 
method used. Some of these difficulties might possibly be avoided by converting field strength 
to transmission loss, as discussed in Report 112.

3. Provision of transmissions

Resolution 7-1 envisages the cooperation of Administrations and organizations in the 
provision of transmissions. Such cooperation would obviously be subject to the limitations 
imposed by the normal working schedules of the transmitters in question, although the 
possibility of using such transmitters at special times on standard omnidirectional antennae 
could be explored.

Organizations have been asked, in C.C.I.R. Circular AC/57, to give full details of 
those transmitters which they consider would be suitable, especially as regards their know­
ledge of the radiation polar-diagram in both the horizontal and vertical directions. As a 
guide, it is desirable, in long-distance propagation, to have a vertical polar diagram approxi­
mating to that of a standard short vertical radiator for angles of elevation less than 20°.

It is also necessary to rely upon the organization to choose transmitters, the antenna 
characteristics of which are known with sufficient accuracy, either by actual measurement 
or from design data and a knowledge of the suitability of the site.

In addition, they are invited to consider the possibilities of making field-strength meas­
urements of the distant transmitters used for their point-to-point telephone or telegraph 
service. Some of the advantages of this are:
— no special transmissions are required;
— reception is mainly free of interference, provided the bandwidth of the measuring set is 

no greater than that of the receiver normally in use for the reception of traffic;
— full details of the transmissions are recorded in the logs of the commercial receiving 

station.

4. Receiving stations and recording techniques

The need should be stressed for a coordinated programme of measurements and the 
presentation of the results in a uniform manner so that they may be comparable. It may be 
desirable that at certain key stations, prepared to make special measurements, e.g. of angles 
of arrival, there should be uniformity with regard to recording speeds, scales, etc.

However, many organizations are already equipped to make field-strength measure­
ments, using their own choice of time-constants, recording meters, calibration techniques, etc., 
and they would not necessarily be prepared to replace their existing facilities by a standard 
equipment. Since it will be their responsibility to analyse their own records, the use of 
standard equipment will not be of paramount importance.

It is suggested, however, that the standard receiving antenna should be a small loop or 
a short vertical rod, for which the vertical polar diagram does not differ materially from that 
of an ideal Hertzian dipole over the range of angles involved in long-distance transmission.

In any measuring equipment, the quantity measured is a voltage at some specified point, 
usually the input terminals of the receiver. The problem is then to relate this voltage to the 
value of the field strength existing at the antenna. Even with the standard antenna, the 
conversion of field strength refers only to the vertical component of the electric field and 
some assumption must be made with regard to the randomness of the polarization of the 
incident wave system.

Some organizations are equipped to make measurements using special antenna systems, 
such as rhombic arrays, designed for specific circuits to improve signal-to-noise ratios and
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to enable measurements to be made under conditions where a simple antenna would be un­
usable. It is difficult to interpret the results obtained on an extended antenna system, in the 
presence of a complex field built up of several waves incident at different angles, but meas­
urements made with such antennae may be acceptable for the purpose in hand, if they can be 
related consistently to those that would be obtained at the same time on a standard antenna. 
These relationships would have to be examined by the organizations concerned and applied 
by them in the reduction of their records to the standard form of hourly median values of 
field strength.

In general, each measuring station is requested, in Circular AC/57, to prepare from 
the analysis of its own records the hourly median values and then to tabulate them with 
the monthly median values for each hour. A suggested form for presentation of the results 
is given in the Table in Annex I. The actual method of measurement in each case should 
be stated.

It is realized that continuous recording may be impracticable and that measurements 
may only be made at certain times of day and on certain days of the week, but it is hoped 
that even so some useful information on monthly median values may be obtained for at 
least some hours of the day.

Although the field-strength predictions are meant to refer to average propagation 
conditions, readings, which correspond to obviously abnormal conditions, e.g. auroral effects 
or during times of sudden ionospheric disturbances and severe magnetic storms, should 
be included in the estimate of the monthly median values. Such readings in the Table of 
hourly medians should be indicated by some suitable notation. Annex I gives details of 
a typical method of obtaining the required information from point-to-point telegraph and 
telephone transmissions.

5. Measurements of ionospheric absorption

Provided that distance and operating frequency are suitably chosen, significant values 
of the ionospheric absorption can be obtained by means of relative field-strength measure­
ments. Widespread use of this rather simple method could result in a considerable increase 
of basic data, needed for the evaluation of a more accurate method for the estimation of 
sky-wave field strength and transmission loss. Annex II intends to give some guidance for 
planning and executing such measurements.

ANNEX I

A METHOD FOR MAKING FIELD-STRENGTH MEASUREMENTS OF TRANSMITTERS 
USED ON POINT-TO-POINT TELEGRAPH AND TELEPHONE SERVICES

1. As an example relating to point-to-point telegraph and telephone services, a brief description 
follows of the method in use by one organization.

2. Measurement of field strength

Field-strength measurements are made at a measuring station using a communications 
receiver adapted for the purpose. A self-supporting vertical rod antenna, 4 m long, feeds a 
wideband amplifier, which in turn is connected to the communications receiver by a buried 
75 O coaxial cable. The equipment is calibrated against a field-strength measuring set, when 
both sets are receiving signals from a portable transmitter several hundred yards away. The 
receiver is operated with charge and discharge time constants of 20 s.
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A pen recorder is used with a chart speed of one inch per hour. Calibration marks 
are shown on the charts at intervals, thus allowing the field strength to be read directly in 
dB relative to 1 yiV/m.

The measurements are made on multi-channel independent-sideband transmissions with 
suppressed carriers and the groups of individual channels may not be symmetrical about the 
carrier frequency. The receiver bandwidth is adjusted, so that it includes all the sidebands 
transmitted and the actual bandwidth used depends on the type of multi-channel signal being 
transmitted, e.g., a receiver bandwidth of 1-2 kHz might be used for a transmission consisting 
of two telegraph channels and a bandwidth of 8 kHz for a transmission consisting of two 
3 kHz telephone channels, together with two telegraph channels.

3. Analysis of field-strength records

In analysing the field-strength records, the hourly values are first extracted from the 
recorder charts and tabulated. From the tabulated values, the median, upper decile and lower 
decile values can be derived for each hour. It has been found that at this stage of the ana­
lysis, it is imperative to check the recorder chart against the receiving station logs, to ensure 
that the recorded field strengths do, in fact, refer to the correct transmission and not to 
noise or interference. It may happen that the level of interference is not high enough to 
affect reception at the receiving station and, in such a case, there will probably be no reference 
to interference in the station logs. The interfering signal will only be detected by the presence 
of a residual signal after the wanted transmission has ceased. It has been found from the 
records obtained so far that this condition does not occur very often. When it does occur, 
the readings for that day for the particular frequency concerned must be discarded.

To compare the recorded field strengths with the values obtained by calculation, using 
any of the existing methods, the recorded values are reduced to the value Fs, corresponding 
to the incident sky-wave field strength for a power of 1 kW radiated from a short vertical 
antenna. The value of Fs is obtained from the formula:

II 1 1 s 1 1 (1)
where:

Fs — sky-wave field strength,
Fm =  measured field strength, which is a resultant of the sky-wave ' (dB rel. l^V/m)

and ground reflected waves,
Pt — transmitter power (dB rel. 1 kW),
Gt =  transmitter antenna gain relative to the gain of a short vertical antenna * on the

surface of a perfectly conducting earth,
L  =  loss due to transmitter mismatch, antenna mismatch and feeder loss,

a typical value for this is 3 dB,
H  =  height-gain factor.

A typical height-gain factor of —1 dB allows for the fact that the measured value is
the resultant of the direct and ground reflected rays, whereas the calculated value normally 
refers to the incident sky-wave. This factor assumes wave-arrival angles of 10°-15° relative 
to the ground and reflection from ground of good conductivity (e= 10, a = 3 x  10~2 mhos/m), 
for a vertically polarized wave. The height-gain factor will vary with frequency and wave- 
arrival angle, but the variations can be neglected over the range of frequencies and angles, 
likely to be encountered in the course of these measurements. The height-gain factor would 
differ somewhat from the — 1 dB given above, if the ground conductivity were different.

* If an isotropic antenna is used as the reference, Gt would be increased by 4-8 dB.
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MEASUREMENTS OF H F FIELD STRENGTH* MEASURING STATION..................................
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in § 3 o f Annex I.
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4. Presentation of results

A possible form of presentation is given in Table I, which contains the minimum data 
needed. Further useful information would include the count number and the notation used 
to describe the conditions attached to individual readings.

ANNEX II

MEASUREMENT OF THE IONOSPHERIC ABSORPTION 
BY MEANS OF FIELD-STRENGTH RECORDINGS

1. Introduction

Systematic comparisons and several years of experience have shown that relative field- 
strength measurements are suitable for determining the ionospheric absorption around 
noon, provided that the parameters of the radio circuit meet certain requirements [1]. 
Rules for establishing such a circuit have been given in one of the I.Q.S.Y. Manuals [2], 
but the calibration method described there is rather complicated.

This Annex proposes a somewhat simplified method. In the terminology of the U.R.S.I. 
this method is called the A3 method, in contrast to the A l method (measurement of absorp­
tion using vertical incidence pulse transmissions) and the A2 method (measurement of 
absorption of extraterrestrial noise). These names have no relation whatsoever to the terms 
used for characterizing the class of emission.

2. Choice of frequency and distance

Frequency and distance must be selected in such a way that the observed noon value 
of the field strength is essentially (to about 1 dB) given by one-hop E propagation, F propa­
gation being prevented by blanketing and higher-order reflections being strongly absorbed. 
In mid-latitudes, frequencies of 2-3 MHz and distances of about 100-400 km give good 
results. In most countries suitable transmitters can be found in coast stations.

3. Choice of types of antenna

Since the absorption is smaller for the ordinary than for the extraordinary component, 
the antennae should be designed so as to select the ordinary component. If the extraordinary 
component were used, the measurement could be influenced by the stronger ordinary com­
ponent, especially during high absorption conditions. Close attention must be given to 
the suppression of the ground wave, especially for the lower frequencies and shorter dis­
tances. For this reason, propagation paths over sea should not be used. In addition, the 
antennae can be used to minimize the effects of modes other than the 1 x E mode.

For instance, in mid-latitudes in the northern hemisphere the following antennae are 
recommended for a path running approximately in north-south direction: a horizontally 
polarized antenna at the northern terminal and a vertically polarized antenna at the southern 
terminal. With this combination the errors due to polarization effects can be expected to 
be less than 3 dB. The use of a polarimeter antenna at the receiving terminal would result 
in an even smaller error.

4. Receiving and recording equipment

The requirements as regards the receiver and recorder are essentially the same as for 
other field-strength measurements (see, e.g., Annex I, § 2). If a double-sideband transmis­
sion is recorded, a narrow receiver bandwidth selecting only the carrier frequency may be 
used and would result in a better signal-to-noise ratio.

17
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5. Calibration

The simplicity of the method results mainly from the fact that only relative, not absolute, 
values of field strength are needed, nor do the antenna diagrams need to be known in detail. 
It is convenient to have an approximately logarithmic receiver response calibrated in terms 
of input voltage. Relative changes from day to day can be easily read out from these records.

To obtain absolute values of absorption, however, some more information is needed. 
As absorption is negligible in magnetically quiet nights, night-time measurements can be 
used for calibration, provided that the reflection occurs essentially at the same height as 
in day-time, i.e. via a blanketing Es layer (this case is not too rare on the rather low frequen­
cies used for these measurements). Under these conditions, the geometry of the path is the 
same, day and night, and the difference of the logarithmic field-strength values for night 
and day, Fn — Fd, should directly give the absorption. However, in most latitudes the extra­
ordinary component is strongly absorbed at noon but appears in the night. Therefore in 
this case, if the unwanted component is not suppressed by the antennae, the absorption 
is given by Fn — Fd — 3 dB. Likewise, if higher-order reflections are not negligible at night, 
Fn will be too great.

The best calibration conditions are therefore encountered when a blanketing Es layer 
occurs around sunset. In this case, the higher-order modes are still absorbed and the cali­
bration is easily obtained by extrapolation of the daily field-strength variation until sunset (a 
similar procedure could be used at sunrise, however, Es is less probable at sunrise). The 
cases where propagation takes place via the Es layer around sunset are easily identified 
and can be deduced from the field-strength records themselves. Of course, ionograms taken 
from a nearby ionosonde may facilitate the identification of Es propagation.

It is recommended that records covering a period of about three months be used for the 
calibration, considering only those 10% of all days where the highest sunset values were 
obtained. The average of these few days should be taken for Fn. The accuracy can be expected 
to be better than about ±  3 dB. This is reasonable since the day-time absorption is of the 
order of 30 dB. If possible, however, the more thorough procedure described in [2] ought 
to be employed.

6. Presentation of results

Half-hourly or hourly values of day time absorption loss, L, should be given in monthly 
tables. The characteristic parameters of the measuring circuit (frequency, distance, path 
orientation, type of antennae) should be clearly indicated on the sheets, so that a reduction 
to vertical incidence data is possible.
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REPO R T 254-1 *

M EASUREM ENT O F A TM O SPH ERIC RADIO-NOISE

(Study Program m e 20A/YI)

(1959 -  1963 -  1966)
1. Networks of noise measuring stations

The network of stations for the measurement of noise power, using the ARN-2 recorder, 
is substantially the same as described in Report 165 (1959); equipment for 19 stations was 
provided by the United States and for one by India [1]. Some stations have been equipped 
for the measurement of other noise parameters. Measurements of more detailed statistical 
parameters of the noise structure, from which the noise power can also be deduced, have 
been made at many other stations. A full account of the measurement of programme has 
been prepared by U.R.S.I. and published [2]. Some systematic differences, up to 4 dB at 
some frequencies, have been observed in the values of noise power obtained by different tech­
niques on the same site. A few measurements have continued using the older aural techniques.

The data obtained during the last few years have been used in the preparation of Report 
322. It should be noted that the time blocks referred to in § 2 of Report 322 are defined 
in terms of local time.

Reports of recent measurements at high frequencies suggest that the data in Report 322 
are too low during daytime in some tropical regions [3, 4, 5]. The discrepancies may be 
up to 10 dB or more in the lower part of the H F band, and these regions need particular 
examination when the Report is revised.

2. Measurement of statistical characteristics

Measurements of amplitude-probability distribution of atmospheric noise have been 
made at many locations [2], and the data have been used in Report 322. It has been shown 
that allowance can be made for the noise structure in estimating required signal-to-noise 
ratios.

3. Measurements with directional antennae

Measurements have been made with directional antennae of the type used in high- 
frequency, long-distance communication. There are insufficient data for a full report 
to be made, but the results of some investigations have been published [6, 7,] and some 
preliminary information is contained in Report 322.

4. Lightning-flash counters and direction-finding networks

The object of lightning-flash counter observations, in so far as they are required for 
noise studies, is to determine the numbers of lightning discharges occurring per unit area 
of the Earth’s surface, in different places and at different times. Although the expansion 
of counter networks has proceeded rather slowly, further experience has been gained in 
their use, and in the comparison between the C.C.I.R. type and other types. Data from

This Report was adopted unanimously.
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counters of a type which has been adopted by C.I.G.R.E. (Comite International des Grands 
Reseaux Electriques) and which has been used extensively, can be correlated with data 
from the C.C.I.R. counters provided that appropriate sensitivities have been used. Experi­
ments with another counter, operating on the high-frequency energy from atmospherics 
have led to similar conclusions, regarding the incidence of discharges, as those from the 
C.C.I.R. counter.

Experiments in the United Kingdom [7] and others, reported in a C.C.I.R. document 
from Sweden [8], have resulted in different estimates of the effective range of the C.C.I.R. 
counter, and further investigation is required. However, the more precise evaluation of this 
quantity need not delay the collection of further data which will show at least the relative 
values in different geographical locations.

A report to the C.C.I.R. by the Working Group on lightning-flash counters [9] shows 
correlations between counter data and low-frequency noise levels. For example, the antenna 
noise-factor Fa, resulting from atmospheric noise in a large equatorial storm area, is given 
approximately by:

Fa =  150 +  10 logio n (dB)

at 13 kHz, where n is the number of discharges counted per hour with the C.C.I.R. counter 
and is not less than 30. Similar empirical relationships can be found for higher frequencies, 
but there is evidence that some measured noise-power values at medium frequencies are 
much too low in the daytime when local storms occur [10].

Although a large volume of data from atmospherics direction-finding networks exists, 
no reports are to hand which show how these data could be used in noise studies. The pro­
blems involved are considerable, but, since these networks are potentially capable of pro­
viding information leading to knowledge of the noise generated in oceanic areas, where ade­
quate networks of lightning-flash counters cannot be established, early attention should 
be given to a study of whether the potentialities are likely to be realized in practice.

Some recent works bearing on results obtained by direction-finding on atmospherics 
is contained in [11].

5. Intensity and nature of noise from individual discharges

Atmospherics from near storms have been recorded, in such a way that the effects of 
propagation can be allowed for, and an energy spectrum derived, which is effectively a 
characteristic of the source alone [12, 13, 14]. The spectrum has been used, in conjunction 
with lightning-flash counters and propagation data, to give estimates of integrated noise 
at certain locations [9]. These have been compared with measured noise intensities and 
the agreement is sufficiently close to justify further investigation of this method of approach.

6. Methods of presenting statistical data on noise

The short-term and long-term statistical variations of noise have been studied and 
methods for taking them into account in assessing the interference to radio services have 
been proposed in Report 322.

7. Atmospheric noise in relation to other types of interference

Some results of studies of man-made interference are contained in Report 258.



— 261 — Rep. 254-1, 255-1

BIBLIOG RAPHY

1. C r i c h l o w ,  W.Q., D is n e y ,  R.T. and JeNKiNS, M.A. Quarterly radio noise data. NBS Tech. Notes,
Nos. 18 and 18-2 to 18-11. NBS, Boulder, Colo., U.S.A. (1959-1966).

2. U.R.S.I. Measurements of characteristics of terrestrial radio noise. Special Report, 7, Elsevier (1962).

3. C.C.I.R. Doc. VI/79, Geneva, 1963-1966.

4. C.C.I.R. Doc. VI/201, Geneva, 1963-1966.

5. C.C.I.R. Doc. VI/202, Geneva, 1963-1966.

6. K r o n j a g e r ,  W. and V o g t ,  K . Uber das Aussengerausch kommerzieller Antennanlagen (On the
external noise of commercial antenna installations). NTZ  12, 371 (1959).

7. B r a d le y ,  P.A. and C la r k e ,  C . Atmospheric radio noise and signals received on directional aerials
at high frequencies. Proc. I.E.E., I l l ,  1534 (1964).

8. H o r n e r ,  F. The design and use of instruments for counting local lightning flashes. Proc. I.E.E.,
107B, 321 (1960).

9. C.C.I.R. Doc. 183 (Sweden) Geneva, 1963. Practical experience with the C.C.I.R. lightning counter.

10. H o r n e r ,  F. The lightning flash counter and its application to radio noise studies. (To be published
in Electronics Letters.)

11. C.C.I.R. Doc. VI/67 (Rev. 1) (F.R. of Germany), 1963-1966. Measurement of atmospheric radio noise.

12. T a y l o r , W.L. and Je a n , A.G. Very low frequency radiation spectra of lightning discharges. Jour.
Res. NBS, 63D, 119 (1959).

13. W a t t ,  A.D. and M a x w e l l ,  E.L. Characteristics of atmospheric noise from 1 to 100 kc/s. Proc. IRE,
45, 787 (1957).

14. H o r n e r ,  F. and B r a d le y ,  P.A. The spectra of atmospherics from near lightning discharges. Jour.
Atmos, and Terr. Phys. 26, 1155 (1964).

REPO RT 255-1 *

BASIC PRED ICTIO N  IN FORM ATION FO R IO N O SPH ER IC  PROPAGATION

(1959 -  1963 -  1966)

1. Prediction of the oblique-incidence standard MUF (EJF) from vertical-incidence data

Many Administrations have methods of prediction in which charts of ionospheric charac­
teristics, e.g. F2 zero MUF and F2 4000 MUF based on data from vertical ionosondes 
are presented [1]. The C.C.I.R. is now developing an Atlas of selected ionospheric charac­
teristics based on vertical ionosonde data. The ionospheric characteristics have usually 
been presented in graphical charts [2], showing the world-wide distribution of the ionospheric 
parameters, but the representation is now frequently in the form of mathematical expressions 
which may be readily manipulated by electronic computers. Both the graphical represent­

* This Report was adopted unanimously.
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ation and the mathematical expression involve extrapolation into areas of the world where 
ionosonde data is lacking and are dependent upon a correlation with a solar activity index 
for prediction purposes. Several potential sources of errors are inherent in the prediction 
of radiocommunication frequencies from vertical incidence data, these potential error 
sources include:

1.1 Errors in the graphical charts or mathematical expressions due to the lack of data in certain 
geographic areas.

1.2 Failure of the ionospheric characteristics to correlate with solar activity index, e.g. in the 
rising and descending phase of the solar cycle as well as between cycles.

1.3 Inability to predict the solar activity index.

1.4 Difficulty in the translation of vertical ionosonde data to propagation predictions for oper­
ational communication circuits, i.e. the difference between the standard MUF (EJF) and 
the operational MUF (MUF).

Differences in the graphical mapping by the various Administrations have been studied 
by the C.C.I.R. Secretariat [1]. The failure of ionospheric characteristics to correlate with 
the sunspot number index and the inability to predict sunspot numbers has promoted a 
search for a better prediction index, e.g. the cyclic nature of solar noise or of the ionospheric 
characteristics.

The difficulty of translating the vertical data to oblique incidence is small on most 1-hop 
paths and the difference between the classical MUF (JF) and the operational MUF (MUF) 
is often negligible. However, when steep horizontal gradients and inhomogeneities in ion­
ization occur in the transmission path, the difference can be large. Examples of this are given 
[3, 4], where exceptionally high values of the ratio of the standard MUF (EJF) to the clas­
sical MUF (JF) are attributed to non-symmetrical paths.

2. The ratio of operational MUF (MUF) and standard MUF (EJF)

Information has been collected by several countries and is tabulated in [1]. Some 
tendencies were indicated, which are repeated since more recent information has not been 
received.

The ratio of operational MUF (MUF) to standard MUF (EJF) tended to be higher 
for night-time than for daytime conditions. For middle latitudes, the corresponding ratio 
in summer, for both day and night, seemed to be lower than for night conditions in winter. 
The highest values of this ratio, for middle and high latitudes, usually occurred in winter at 
the time of lowest standard MUF (EJF). The ratio tended to increase for circuits passing near 
the auroral zones. The differences between operational MUF (MUF) and standard MUF 
(EJF) can be explained, on the one hand, by the theoretical formula and ray-tracing methods 
applied and, on the other hand, by various ionospheric phenomena, such as scattering in 
the E and F  regions, off great-circle propagation, and propagation by unusual modes when 
ionization “ ridges” , “ troughs” and isolated “ clouds” exist in the E or F  regions [5, 6, 
7, 8, 9, 10, 11, 12, 13].

3. The effect of the FI layer on radiocommunications

It is now recognized that Fl-layer MUFs cannot be determined by an extension of 
E-layer nomograms, at least at high latitudes. Ray-tracing computations and sounding 
results show that for distances greater than 3400 km the earth intercepts the Fl-layer low 
angle ray propagation and the F2 layer usually determines the overall MUF. An Fl-layer 
prediction system for latitudes greater than 40°N has been developed in which it is assumed 
that FI layer controls the overall MUF for transmission distances in the range 2000-3400 km 
[14]. Monthly contour maps have been constructed and improved distance factors using 
ray-tracing methods, have been developed. The prediction compares well with propagation 
observations.
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4. The effect of E-region ionization

Little difficulty is encountered in introducing the effect of the regular E layer into pre­
diction systems. The world-wide occurrence of sporadic-E has been predicted on a statistical 
basis and published for many years [15]. However, for radiocommunication purposes 
its effects are not well understood.

A system of prediction has recently been developed which takes into account the pro­
bability of Es reflection of a given frequency, the frequency reflected with a given probability 
and the frequency at which the Es ionization acts as a screen against reflection from higher 
layers [16, 17, 18, 19, 20].

Analysis of oblique sounding observations over several years indicates that Es was 
a useful propagation medium on a transatlantic path (Ottawa - The Hague) less than 1 % 
of the time and on a trans-auroral path (Winnipeg-Resolute) only 7 % of the time [9]. It 
has been proposed, that for application of Es to predictions, a tabulation of fbEs would 
be useful, since it has been found to be the most important as a propagating medium.

A method which incorporates the tropical Es layer has been described [21].

5. Introduction of propagation modes and horizontal ionization gradients

Certain methods of M UF prediction take modes of propagation into account explicitly. 
These methods can be expected to give results which are more accurate, however, until the 
introduction of computer prediction methods, the calculations involved prevented their 
general usage. It is now evident that individual mode predictions should replace the former 
two-control point method.

Methods of prediction, taking account of the horizontal ionization gradient, where the 
angle of arrival may differ from the angle of departure, are not yet available. Ray trajec­
tories for such situations have been computed [22, 23, 24].

Angles of arrival were measured on the commercial circuit Osaka-Hamburg (8913 km), 
by comparing antenna voltages of two different rhombic antennae on a statistical basis. 
At 13-8 MHz, a range of 3° -10° (maximum 6°) was found, at 19-2 MHz, 3° - 8° (maximum 6°). 
In these cases the used frequency was near the operational MUF, therefore a 3 x F mode 
is supposed. Steeper angles (maximum 11°), prevailing during periods of higher MUF may 
be explained by a combination of 3 x F and 4 x F  modes. Similar results were found 
elsewhere (Report 249-1, §2) [25].

6. Ray tracing techniques

In recent years, ray-tracing techniques have been developed for use in improvement of 
the accuracy of predictions based on vertical incidence observations [26]. Chvojkova [27, 
28, 29, 30] derived analytical formulae for real radio paths and for their group paths. These 
results can be used to identify the modes of propagation on sweep-frequency records. A 
complete summary of the formulae is presented. Long-distance one-hop propagation has 
been successfully studied and frequency ranges and angles of propagation have been detailed 
[31].

7. Effect of working conditions

The ratio of operational M UF (MUF) to standard M UF (EJF) largely depends on the 
type of service and the effective radiated power. The required minimum field-strength seems 
to be the main factor in determining this ratio. Generally, the most exacting type of service 
is associated with its lowest values. Measurements on commercial multiplex circuits (192 
bauds) have shown, that the degree of signal distortion depends essentially on the receiver 
input voltage. In most cases the multiplex circuits ceased to be commercial for input voltages 
below 10-20 [xV [32]. This suggests that more detailed physical considerations must be 
taken into account for predictions on complex services.
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8. Off great-circle propagation

Several observing programmes show reception of long-distance emissions consistently 
from azimuths significantly different from the great-circle direction [33].

In 1961 and 1962, measurements of azimuthal angles of arrival of transmissions from 
WWV, WSL, MSF and JJY were made at Moscow by means of a direction-finder [34]. 
As a result of measurements of WWV and WSL transmission in autumn and winter from 
1800 to 0500 hours (UT), it has been established that the deviations from the great circle:
— in 14% of the cases, do not exceed ±5°;
— in 33% of the cases, vary between +6° and +25°;
— in 53% of the cases, exceed —6°, sometimes reaching —100°.

Off great-circle scatter echoes have been observed at 41-5 MHz on a transatlantic 
(London - Ottawa) circuit [9]. Ground side-scatter signals were received at Ottawa from 
a region of the Atlantic Ocean about 35° South of the great-circle path. The bearing agreed 
very closely with that corresponding to the predicted intersection of the one-hop skip zones 
illuminated from London and Ottawa.

Ionospheric side-scatter from irregularities in E-and F-region ionization in the auroral 
zone was also observed. These echoes had an angle of arrival of about 7° North of the great- 
circle path. They were detected only during periods when the great-circle modes were greatly 
defocused and when ground side-scatter signals were absent.
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R EPO RT 256-1 *

M A X IM U M  TRA N SM ISSIO N  FREQ U EN CIES

(Recom m endation 373-1)

(1959 -  1963 -  1966)

1. The operational M UF (or simply the MUF) is the highest frequency that permits acceptable 
operation between given points at a given time and under specified working conditions. 
When referring to the operational MUF, all pertinent details of the actual system should 
be given, including antennae, power output, class of emission, information rate and the required 
signal-to-noise ratio.

The operational M UF refers to propagation in the actual ionosphere, in which irregu­
larities in ionization, scattering, and partial reflection at steep gradients of ionization density, 
frequently occur. It commonly refers to propagation by whatever mechanism, layer or 
mode, gives the highest permissible frequency.

2. The classical MUF or the junction frequency (JF) is the highest frequency that can propagate 
by a particular mode between specified terminals by ionospheric refraction. The classical 
MUF is independent of power, and is calculable in principle by ray optics in the presence 
of the Earth’s magnetic field.

It is also measurable by oblique-incidence pulse transmission, and refers to the frequency 
at which the upper and lower traces are seen to merge on the ionogram. However, no 
account is taken of the nose extension observed in some ionograms.

In cases where scatter, interference, or most of all poor definition prevents a clear 
junction from being recognised, extrapolation of the low-and high-angle traces may be 
used with caution to approximate to the junction frequency.

Effects due to partial reflections and to scattering are not considered in the determina­
tion of the junction frequency. However, large-scale irregularities or “ layer tilts ” and the 
anisotropy caused by magneto-ionic double refraction, are included. This means that the 
ray path may not follow a great circle.

3. The standard MUF or estimated junction frequency (EJF) is an analytical approximation 
to the classical MUF or junction frequency (JF). It is found by combining data obtained 
from vertical soundings with a simplified analytical solution of the oblique-incidence re­
fraction problem. The basic ionospheric parameters generally used for the F2 layer are:
— foF2 and M3000F2 for the conventional transmission curve method;
— foF2, hc, and qc for the parabolic layer method (hc and qc were formerly known as hm 

and ym]2, respectively.

The first method applies a 3000 km transmission curve to a conventional vertical-incid- 
ence ionogram and then applies distance factors to determine the standard M UF (EJF) 
for other path lengths. Both procedures are based on assumptions concerning the vertical 
profile of electron density.

* This Report was adopted unanimously.
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The main sources of error in the conventional transmission curve method are that:

— the propagation is adequately described by ray optics and, as a consequence, scattering 
is omitted;

— the effect of the magnetic field is approximated by a partial theory;

— the deviation of a ray by underlying layers of the ionosphere is frequently ignored;

— the curvature of the ionosphere introduces difficulties that are as yet incompletely resolved;

— the nature and effects of horizontal ionization gradients are incompletely understood, 
and their consideration is often omitted.

4. The maximum observed frequency (MOF) is the highest frequency that can be detected on 
an oblique-incidence ionogram. With the advent of “ radiocommunication sounding ” 
used in conjunction with operational systems, such a term is required. In general, MOF is 
defined on a per mode basis, that is, defined in conjunction with other parameters that 
identify the mode. When stated without qualification, MOF should imply the highest of 
all propagation frequencies in a given path. The MOF is actually the operational MUF 
of the oblique-incidence sounder, but not in general that of any associated telecommunica­
tion system.

REPO RT 257-1 *

QUESTIONS SUBM ITTED BY TH E I.F.R.B.

(1953 -  1956 -  1959 -  1963 -  1966)

From the nature of the last two questions contained in the Annex below it is clear that full 
answers to these questions cannot yet be given. Nevertheless, the International Working Parties 
now operating under Resolutions 7-1, 10-1, 12-1 and 13-1, are actively engaged in work which 
will provide general answers from which specific answers to questions such as those posed by the 
I.F.R.B. can be derived.

ANNEX

QUESTIONS SUBMITTED BY THE I.F .R .B.

Ionospheric propagation

Question (a)

Question (a) has been satisfied by the adoption of the “ C.C.I.R. Atlas of Ionospheric 
Characteristics” , Report 340.

* This Report was adopted unanimously.
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Question (b)

What is the best method of calculating the field strength produced by a transmitter working 
at frequencies above 1500 kHz by means of ionospheric propagation (distances up to 25 000 km) ?

Question (c)

What modification, if any, should be made to the C.C.I.R. long and medium-wave propag­
ation carves adopted at Cairo in 1938 ? In particular, they appear to need extension:
— as a function of magnetic latitude;
— as a function of season;
— as a function of solar activity.

Note. — In revising and extending these curves, attention should be paid to distances less than 
500 km (to allow, for example, for the evaluation of the effect of special vertical transmitting 

antennae designed to reduce fading in the outer part of the service area), and to distances 
beyond 2000 km (to allow for the evaluation of interference between regions).

R EPO R T 258 *

M EASUREM ENT O F M AN-M ADE RADIO N O ISE

(Study Programme 21A/IV)

(1963)

Radio noise of man-made origin is often the basic limitation to radio reception, particularly 
in urban areas. It may be of importance even at isolated receiving locations at certain times of 
day and frequencies. Although many studies have been made of the radio-frequency interference, 
resulting from individual nearby sources, very few measurements have been made, at greater 
distances, of the composite man-made noise resulting from many sources. Furthermore, the 
measurements on individual sources have been made using quasi-peak meters, and the results 
are difficult to compare with the atmospheric noise-power values contained in Report 322.

To alleviate somewhat this problem, measurements of noise power from the world-wide net­
work sponsored by the U.S. National Bureau of Standards have been analysed in such a way as 
to isolate the man-made noise values. This was done by selecting periods of time when atmospheric 
levels were low. The times selected were in the range 0800-1200 hrs local time during the winter, 
when the predominance of man-made noise was evident at most stations, both from aural monitor­
ing and the known behaviour of both types of noise with frequency.

It first became evident and, has since been confirmed at most stations, that man-made noise 
decreases with increase in frequency at a rate of approximately 28 dB for each decade of frequency.

* This Report was adopted unanimously.
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A completely generalized prediction of man-made noise levels throughout the world would 
require a detailed study of the dependence of these levels on a large number of parameters, many 
of which are not known. However, using data from the NBS network, certain facts have been 
deduced.

For purposes of comparison with Report 322, measured values have been normalized to 
1 MHz. The normalized values of Fam (expressed in dB above thermal noise at 288°K; see Report 
322) attributed to man-made sources were found to vary, from station to station, over the range 
43 to 55 dB with a median value of 49 dB. This median value is 5 dB below that given in Report 
65, but it is probable that the noise measuring stations are, on the whole, more free from man- 
made interference than an average commercial receiving station. A more detailed examination 
confirmed the expectation that higher levels would be measured at stations located closer to 
populated areas.

REPO R T 259-1 *

VHF PROPAGATION BY WAY O F SPORADIC E 
AND O TH ER  ANOM ALOUS IO N IZA TIO N

(Study Program m e 17A/VI)

(1951 -  1953 -  1956 -  1959 -  1963 -  1966)

1. Review of propagation by regular ionization

1.1 E-layer

A study of routine vertical-incidence measurements indicates, that it is unlikely that 
transmission of waves above 30 MHz would ever occur by way of the regular E layer.

1.2 Fl-layer

A study of the vertical-incidence measurements indicates, that it is unlikely that trans­
mission of waves above 30 MHz would ever occur by way of the regular FI layer, except 
near noon at maximum solar activity in tropical regions only. Since the F2-layer MUF 
values would, under the same conditions, exceed these for the FI layer, this fact is of little 
importance. The Fl-layer may have an effect on the skip distance of radio waves passing 
through it and then reflected by the F2 layer.

1.3 F2-layer

A study has been made of the vertical-incidence measurements for a number of widely 
distributed ionospheric stations and, in addition, a considerable amount of observational 
evidence has been collected from actual transmissions. The data indicate that, during certain 
seasons of the year at the peak of the sunspot cycle, long-distance transmissions by way of

* This Report was adopted unanimously.



Rep. 259-1 — 270 —

the regular F2-layer ionization can occur for a significant fraction of the time in temperate 
latitudes on waves of up to about 50 MHz. In the low latitudes (between geomagnetic lati­
tudes, 20°N and 20° S), however, such transmission can occur on waves of up to 60 MHz, 
with almost regular transmission on waves of 30 to 40 MHz.

It is clear that, for several years around the solar maximum, intolerable long-range 
interference may be expected in temperate latitudes, at frequencies up to about 50 MHz 
during daylight hours in the equinox and winter seasons. Similarly, for low-latitude stations, 
particularly in the Far East, intolerable long-range interference may be expected up to about 
60 MHz. The lowest frequency at which such interference becomes so infrequent as to be 
negligible is about 60 MHz, for stations in temperate latitudes, and about 70 MHz for 
stations at low latitudes. During the sunspot cycle with maximum in 1957-58 even higher 
frequencies were observed than for the previous maximum. However, sunspot activity during 
the 1957-58 maximum was the highest which has been observed since the commencement 
of reliable records in 1749, and this should be borne in mind when anticipating future sunspot 
activity. Charts of expected F2-layer interference for 1 % of the time are found in Report 
260-1.

World-wide predictions of F2-layer M UF are given in monthly charts published by the
I.T.S.A. in the U.S.A., by the former D.S.I.R. in the United Kingdom, by C.N.E.T. in 
France and by other authorities.

2. Propagation by sporadic-E ionization [1, 2, 3]

The most familiar form of sporadic-E appears as an intensification in ionization in the 
form of a horizontal sheet with a thickness of about 1 km and a horizontal dimension of 
the order of 100 km. The majority of the cases of interest will occur in the height range 
100 to 120 km. These sheets appear in a random manner, but do show distinct preference 
for certain times of day and months of the year. Some sheets have been observed to travel 
hundreds of kilometres, others show no apparent movement. The importance of sporadic-E 
decreases rapidly with frequency and Es propagation becomes a negligible factor above 
90 MHz for normal radiocommunication systems although examples of sporadic-E 
propagation at higher frequencies have been reported [4].

2.1 Path length

Propagation by sporadic-E above 30 MHz rarely occurs at distances less than 500 km. 
Geometrical considerations limit the propagation by means of a single sheet to about 2000 km. 
When two sheets are separated by a distance of less than 2000 km from each other, two-hop 
propagation via sporadic-E becomes possible. Alternatively, if a single sheet achieves a 
dimension of more than 500 km it can support two reflections. Thus the primary distance 
range for VHF sporadic-E transmission is 500 to 2000 km. A secondary range out to 4000 km 
is occasionally possible through two hops.

2.2 Geographical and temporal variations

There are three major sporadic-E zones: equatorial, temperate, and auroral. The 
equatorial zone is a belt centred on the magnetic equator and extending 6° in magnetic 
dip on either side of it. A highly transparent form of sporadic-E (q-type) is a regular occur­
rence on the day side of the belt and can be shown to be associated with the equatorial 
electrojet. Propagation of VHF signals via q-type Es is by scattering.

The temperate zones cover most of the earth and extend from the equatorial zone to 
a geomagnetic latitude of about 60° (actually to the line at which the occurrence of aurora 
is 15% of its maximum). The most dominant feature in the temperate zone is the summer
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maximum in occurrence of intense sporadic-E, which becomes more distinct as one moves 
to higher latitudes until it is sharply altered by auroral zone influences. Sporadic-E rarely 
occurs between the hours of midnight and 0600 local time. It normally peaks around 1000 
local time and in some areas exhibits a second peak in the evening. The sporadic-E layer 
is often very dense in the daytime. There are considerable longitude as well as latitude 
variations in the occurrence of sporadic-E in the temperate zones. A mechanism associated 
with wind shear appears most promising as an explanation for intense sporadic-E at temperate 
latitudes.

In the auroral zones, the dominant feature is the night-time peak in the occurrence of 
sporadic-E. The summer peak observed at temperate latitudes disappears entirely at the 
zone of maximum visible aurora. The auroral zones, like the equatorial zone, are regions 
of heavy current flow in the lower ionosphere. In addition, they are regions where ionized 
layers can be formed through the precipitation of charged particles. It appears that both 
of these phenomena may be responsible for the production of sporadic-E.

2.3 Charts o f sporadic-E occurrence

The predicted world distribution of sporadic-E has been indicated in world charts 
published by C.R.P.L. (now I.T.S.A.) in the U.S.A., C.N.E.T. in France and by other author­
ities. A very different system of mapping, introduced by IZMIRAN in the U.S.S.R., is based 
on the hypothesis that probability distribution functions of Es versus the frequency are 
uniform in large geographic zones; the probability of foEs and fbEs exceeding a given 
frequency value is presented in world maps [5, 6].

2.4 Estimating Es signal strength from vertical-incidence data

The only comprehensive and continuing source of sporadic-E data is the world-wide 
network of ionosonde stations. It is important therefore to develop quantitative methods 
for estimating the oblique-incidence transmission characteristics from the vertical-incidence 
data.

A recent study of this problem in Japan [7] shows particular promise. Sporadic-E is 
first classified by its reflection coefficient as observed on VHF oblique-incidence circuits. 
A parameter T is defined as the attenuation observed in the signal relative to that expected 
if the ionosphere were a perfect reflector. The study suggests that if T sg 45 dB, then the 
sporadic-E reflections are specular in nature, while if 45 dB <  V < 70 dB, a scattering mecha­
nism is involved. Curves are available for calculating T in terms of the ratio //foEs, where /  
is the transmission frequency in question and foEs is the vertical-incidence critical frequency 
of the ordinary wave for sporadic-E taken from ionosonde observations. Estimates are 
available for both single-hop (0 to 2100 km) and two-hop (2400 to 4000 km) sporadic-E. 
An important feature of the method is the inclusion of antenna-to-medium coupling loss.

2.5 Occurrence o f oblique sporadic-E propagation

Oblique-incidence pulse soundings between Greece and the Federal Republic of Germany 
(1700 km) showed that the MOF was often determined by Es reflections from May through 
September, the average daytime probability (0600 to 1800 hours UT) being about 10% 
at 22 MHz decreasing to almost zero at 30 MHz [8]. An examination of the oblique-incidence 
data obtained on the Ottawa-The Hague (5500 km) and Winnipeg-Resolute Bay (2800 km) 
circuits indicates that the sporadic-E mode at times controls the operational MUF, but
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sporadic-E layer propagation seldom occurs at frequencies greater than 30 MHz (Doc. VI/83, 
1963-1966).

Since 1961, the E.B.U. has recorded data on many paths (20 paths in 1965), varying 
in length between 900 and 2500 km and which are situated in different locations in Western 
Europe. Daily measurements were taken at five frequencies between 41 and 59 MHz between 
0800 and 2300 hours UT from May through October of each year. The results can be sum­
marized as follows (Doc. VI/194, 1963-1966):

— considerable year-to-year variation exists;

— the month of the maximum occurrence of sporadic-E varied between May and August 
and was not necessarily the same on all paths for a given year;

— as expected, the lower frequencies showed a higher field intensity and occurrence than 
the higher ones.

3. Propagation by other anomalous ionization

3.1 Meteoric ionization

Studies have been made in Canada, the Federal Republic of Germany, the United 
Kingdom, the United States and elsewhere, of the reflections which occur from meteor 
trails. Report 251-1 gives a bibliography on this subject. The matter of meteor-burst com­
munication is dealt with separately in Study Programme 15A/VI.

3.2 Trans-equatorial propagation

Recent studies indicate that strong transmissions can occur, particularly during high 
sunspot years, over long North-South paths spanning the magnetic equator. Most obser­
vations have been made by radio amateurs at a frequency of 50 MHz for paths of the order 
of 4000-9000 km; paths between South America-North America, Africa-Europe, and Japan- 
Australia have been noted [9, 10, 11].

3.3 Ionization o f other kinds

The studies indicate that there may, at times, occur bodies of ionization at virtual 
heights different from those of any of the recognized ionospheric layers. Such ionization 
irregularities may occasionally give rise to reflections of waves in the 30 to 300 MHz range, 
the principal case being that of reflection from the edges or sides of magnetic-field aligned 
irregularities which occur within or near the auroral zone [12, 13, 14]. Such reflections 
may constitute a source of interference to stations working on waves in the 30 to 300 MHz 
range.

Reflections have been observed via the F-region, at frequencies appreciably above the 
F2-MUF but at intensity levels well below free-space. These reflections have been observed 
in the Far East [15], in South America and in Africa and appear to be a phenomenon of 
high sunspot years. The equinoctial months appear to be favoured [16].

t
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4. Main causes of interference to stations working at frequencies between 30. to 300 MHz

Cause o f interference Latitude zone Period o f severe 
interference

Approximate 
highest 

frequency 
with severe 
interference 

(MHz)

Approximate 
frequency 

above which 
interference 
is negligible 

(MHz)

Approximate 
range of 
distances 
affected 

(km)

Regular F-layer 
reflections

Temperate
Day, equinox- 
winter solar- 

cycle maximum
50 60 E-W paths 

3000-6000 
or N-S paths 
3000-10000

Low
Afternoon to late 

evening, solar- 
cycle maximum

60 70

Sporadic-E
reflections

Auroral Night 70 90

500-4000Temperate Day and evening 
Summer 60 90

Equatorial Day 60 90

Sporadic-E scatter Low Evening up to 
midnight 60 90 Up to 2000

Reflections 
from meteoric 
ionization

All Particularly during 
showers

May be mportant
Up to 2000Reflections from 

magnetic field 
aligned columns of 
auroral ionization

Auroral Late afternoon 
and night

anywhere in 
the range

Scattering in the 
F-region Low Evening through 

midnight, equinox 60 80 1000-4000

Special trans- 
equatorial effects Low Evening through 

midnight 60 80 4000-9000
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R EPO R T 260-1 *

IO N O SPH ERIC-SCA TTER PROPAGATION

(1956 -  1959 -  1963 -  1966)

1. Introduction

Considerable experience has been gained since the first high-speed communication 
circuits employing ionospheric-scatter propagation came into regular service in 1953. The 
circuits already operating during the low sunspot minimum of 1954, above latitude 40°N 
in the U.S.A., have now been supplemented by operational and experimental links which 
extend the range of observation from the tropics to the Arctic and through a period of solar 
activity with an unprecedently high maximum (1957-1958). The newer operational links 
have, in accordance with earlier mid-latitude height measurements, been designed, and at 
least operated initially, to use midpoint scattering from a height of 85 km.

New terminal equipment has been developed to include, for instance, advances in mo­
dulation techniques and in antenna design, and considerable attention has been given to

* This Report was adopted unanimously.
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the problem of reliability. Experience with ionospheric-scatter propagation, derived both 
from experimental studies and practical communication systems, has clarified a number 
of features of the observed propagation such as the important advantages that may be ob­
tained practically by realization of the contribution from aspect-sensitive meteor ionization 
and magnetic field-aligned ionization structures. The implications of these contributions from 
the view-point of interference are negligible compared with the occasional occurrence of 
propagation by the sporadic-E mode. Report 259-1 gives information regarding propa­
gation by sporadic-E at the appropriate frequencies. Report 109-1 may be consulted in 
connection with this Report for a more detailed discussion of system aspects of ionospheric- 
scatter propagation. In the following sections, a series of topics is discussed in the light 
of recent experience.

2. Geographic distribution of signal intensity

The records show that, without regard to path orientations and the scattering mecha­
nisms, the signal intensities are high, both in a region within about 20° of the magnetic 
pole, and in the region of the magnetic equator, but that there is a fairly deep minimum at 
about 20° to 30° from the magnetic equator. In this trough, it appears that for a large fraction 
of the time, the received signals are those that have been scattered from meteoric ionization. 
The location of this minimum has been fixed most accurately in the central Pacific Ocean 
region north of the equator, but it may be assumed that its geographic latitude will be a 
function of longitude. There is evidence in all latitudes, that certain types of ionospheric 
irregularity are aligned with the direction of the Earth’s magnetic field. Indeed in the 
region of the minimum just described, communication systems employing antennae directed 
to take advantage of scattering from field-aligned ionization have exhibited greatly improved 
performance in comparison with otherwise substantially identical facilities with antennae 
directed towards the path midpoint.

3. Influence of the solar cycle

A long-term variation in signal intensity related to the solar cycle would be expected 
and there is some evidence of it during the daytime. At times of high solar and magnetic 
activity, daytime median-signal intensities are higher by several decibels than during the 
minimum of the solar cycle. The differences are not constant, but vary with the path, 
time of day and season. The weaker signal intensities are almost independent of solar activity, 
in accordance with the suggestion that they are representative of conditions when meteoric 
ionization plays a relatively important part in the scattering process.

In middle latitudes the results are similar, though the effects of magnetic disturbances are 
less noticeable. At low latitudes, propagation by means of the intense field-aligned ionization 
existing near the magnetic equator has been found to increase in intensity with decreasing 
sunspot number, as might be expected from the negative correlation between the intensity 
of the equatorial electrojet and sunspot number. The solar cycle dependence is far from 
simple to evaluate quantitatively, since it is complicated in high latitudes, for example, 
by the effect of absorption which tends to reduce signal intensities selectively at times of 
high solar and geomagnetic activity. Moreover, its true nature may well be obscured by 
long-term variations in meteoric ionization unrelated to the solar cycle.

4. Influence of magnetic activity

While extensive analyses of the influence of magnetic activity have been based on the 
planetary magnetic A-index, other indices, such as the local magnetic indices and the
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occurrence of blackouts in high latitude ionograms, have also been used. It is important to 
recognize that the Z-index provides a fair measure of solar corpuscular radiation. In high 
latitudes, for frequencies in the 40 to 50 MHz range, it is well established that high isT-indices 
are accompanied by abnormally high signal intensities. For somewhat lower frequencies, 
the relationship is less clear, because of the increased importance of ionospheric absorption 
at times of high magnetic activity. In middle latitudes, the relationship is much less striking, 
as might be expected, since solar corpuscular radiation seldom penetrates to such latitudes. 
At low latitudes, very little correlation exists between the signal intensity resulting from 
the normally random scattering process and magnetic activity. However, the propagation 
by way of the intense field-aligned ionization at the magnetic equator shows a remarkably 
close correlation during daytime with even small variations in the local horizontal magnetic 
intensity such as magnetic bays. The dependence on magnetic activity of the field-aligned 
propagation, that is of particular operational significance at locations removed 20° to 30° 
from the magnetic equator, remains to be determined.

5. Equatorial ionospheric-scatter

It has been suggested that the strong signal intensities associated with equatorial ionos­
pheric-scatter propagation are related to the equatorial or #-type sporadic-E. Because of 
the very close correlation between variations of the intensity of scatter signals and variations 
of local magnetic intensity during the daytime that are associated with the equatorial electro­
jet, an association with the electrojet seems also indicated. These associations are strengthened 
by observations which show that the scattering sources responsible for the strong signals 
lie between the heights of 100 and 110 km, within which the electrojet occurs. Oblique 
scatter signal intensities, however, have been observed at night without #-type sporadic-E, 
that are of nearly equal intensity to daylight signal intensities when g-type sporadic-E is 
present.

6. F-region scatter

Recent experience in sub-equatorial regions in the central and western areas in the Pacific 
Ocean has shown, that at times, there is scattering from the F-region of the ionosphere. No 
serious difficulties in the operation of ionospheric-scatter links have resulted from the simul­
taneous presence of F-region scattering. The geographical limits of F-region scattering 
have not been clearly established, but it has been observed many hundreds of kilometres 
from the equator.

7. Useful range of frequencies

It is now usually accepted that the useful range of frequencies for communication by the 
ionospheric-scatter mode of propagation extends from about 30 to 60 MHz at the lower end 
of the VHF band (band 8). The lower limit is set by the increasing ionospheric absorption 
associated with decreasing frequency during SID and polar cap events and also by the desi­
rability of avoiding interference from signals propagated by reflection between the Earth 
and the F2-layer.

At times, when the circuit is operating on the scatter mode, interference may be caused 
by transmitters from other directions where the propagation of the F-layer mode.is possible. 
Although, mutual interference between the scatter circuit and other circuits may sometimes
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be mitigated by the use of highly directional antennae, this type of interference can only be 
satisfactorily avoided by careful planning in the allocation of frequencies.

There is, however, the possibility of self-interference by energy scattered back from the 
ground and propagated by the F2-reflection mode, especially when this mode is not possible 
over the direct path between the transmitter and receiver. This situation, in fact, arose at 
the time of high solar activity and initially, proved troublesome. However, special modula­
tion techniques have now been developed, which have reduced the effects of back-scattering 
so largely, that it is no longer a source of difficulty for telegraphic communication.

The fundamental limitation of the use of lower frequencies is thus the increasing absorp­
tion. At high latitudes, extreme absorption during times of polar-cap absorption can render 
the circuit unusable for a rapidly increasing fraction of the time, as the operating frequency is 
decreased. The absorption can be fairly serious for a significant fraction of the time, even 
in the 30 to 40 MHz range, at times of high solar activity, if extreme reliability of operation 
is sought.

The upper limit of frequency is fixed by mainly economic considerations. Since, as a 
rough guide, the signal intensities may be taken as varying inversely as the 7]/2 power of 
the frequency, for scaled antennae with equal input power, while the cosmic noise intensities 
vary inversely as about the 2!/2 power of the frequency, the signal-to-noise ratio varies inver­
sely as approximately the 5th power of the frequency. With this frequency dependence of 
the signal-to-noise ratio and using scaled antennae, 15 dB more transmitter power is required 
at 60 MHz than at 30 MHz to give the same signal-to-noise ratio.

8. Choice of operating frequencies

The above consideration of the factors which decide the useful range of frequencies 
suggests that the choice of frequencies for given ionospheric-scatter circuits, may be grouped 
under three categories of service:

8.1 Single-frequency circuits in the low part o f the range (say 30 to '45 MHz)

Such circuits would be suitable in temperate latitudes for providing reliable telegraph 
and facsimile services when special antennae and modulation techniques are used to suppress 
the self-interference from back-scattered multipath echoes. For amplitude-modulated speech, 
such provisions are not necessary, as the intelligibility is not seriously affected by this form 
of interference.

Continuous single-frequency operation, of course, implies the possibility of long range 
interference by F2-layer propagation, as with HF circuits, and also by sporadic-E reflections. 
To avoid this latter type of interference, ionospheric-scatter circuits should have their trans­
mitting and receiving terminals separated geographically by at least 2500 km from other 
circuits capable of causing such interference.

As a rough guide to the probability of interference by F2-layer propagation, Figs. 1, 
2 and 3 show contour maps of the maximum frequencies reflected by the F2-layer, which 
are exceeded for 1 % of the time during the December solstice, June solstice and Equinox 
periods respectively, at sunspot maximum. A circle of radius 2000 km centred on the receiving 
antenna of an ionospheric-scatter circuit gives the frequencies for which interfering signals 
can arrive from various directions over a 4000 km path for 1 % of the time. The percentage 
of time is smaller for paths longer or shorter than 4000 km.
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8.2 Single-frequency circuits above 45 M Hz

These circuits would be used for services requiring the highest reliability, and which 
can be of limited channel-capacity or are designed for the high power necessary for greater 
channel capacity. They have the advantage that the antennae and modulation techniques 
used can be simpler than those for single-frequency working below 45 MHz.

8.3 Two-frequency circuits

Particular interest is being taken in two frequency operations, using one frequency in 
the 30 to 45 MHz range and the other between 45 and 60 MHz. This category would contain 
services requiring the highest obtainable reliability, which are designed for the minimum 
power needed for normal operation at the lower frequency, but which can work at the higher 
frequency on greater power, or with reduced transmission capacity, if it is necessary to assure 
continuity of service through occasional periods of intense absorption, or of interference 
by long-range F2-layer propagation at the lower frequency.

The need for the higher frequency will be greatest at times of high solar activity, but 
it would be available at all times, ready to take over from the lower frequency at the onset 
of difficult conditions. The actual choice of frequencies in the two ranges will depend on 
geographical location.

9. Modulation techniques and automatic error-correction

Apart from the modulation techniques designed to overcome the effects of self-inter­
ference from back-scattering, special frequency-modulation techniques for telegraphy have 
been adopted to combat the Doppler effects associated with reflections from meteoric ioni­
zation. These use time-division rather than frequency-division multiplex, and 16-channel 
systems of 100 words per minute are now in use. Ionospheric-scatter circuits are not eco­
nomically capable of providing sufficient bandwidth for extensive voice transmission and 
are not likely to be used for more than one or two speech channels.

Automatic error-correction techniques, which are particularly effective when the natural 
character error-rate is moderately high, can be made highly efficient when applied to tele­
graph traffic passed over an ionospheric-scatter circuit.

10. Antenna design

The problems of antenna design centre round the need to obtain, for a given available 
input power to the transmitting antenna, the maximum protection at the receiving antenna 
against harmful interference from multipath signal components and, to a more limited 
degree, from other transmitters; and to achieve the best possible signal-to-noise ratio, in 
view of the inherently high transmission loss associated with ionospheric-scatter propagation.

Large rhombic antennae, which were much used in the original installations, are now 
disappearing in favour of more compact arrays of less gain and greater beamwidth, but 
with higher back-to-front ratios. Under conditions of low signal intensity, space-diversity 
reception is useful.

11. Antenna orientation

While it is usual to direct the antennae of an ionospheric-scatter circuit in the great-circle 
plane to favour the reception of signals scattered from near the midpoint of the path, the
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importance of scattering from aspect-sensitive ionization, which is usually most effective in 
azimuths somewhat different from the great-circle plane, is now recognized.

The effectiveness of such ionization as a scattering source varies greatly with the time 
of day, season, meteor activity, and with path position, length and orientation. By using 
antennae which take advantage of scattering from field-aligned ionization in regions of the 
ionosphere other than above the midpoint of the path, the signal-to-noise ratios obtained 
can, at certain times, be significantly increased. Such increases may be of particular im­
portance in improving the usability of a circuit at certain seasons, times of day and geo­
graphical locations, particularly where very low signal-to-noise ratios for scattering from 
the midpoint region occur for much of the time.

12. Reliability of ionospheric-scatter circuits

In conclusion, it may be stated that, although much remains to be discovered about the 
mechanism of ionospheric scattering, the technique of communication by the scatter mode 
has so far progressed that the problems affecting the reliability of the services lie, not in the 
changing propagation conditions, but in the electrical, mechanical, electronic and human 
factors that enter into the running and the maintenance of the circuits.
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R EPO R T 261-1 *

BACK-SCATTERING

(Study Program m e 14A/VI)

(1963 -  1966)

1. Introduction

A radio wave propagated via the ionosphere is partially scattered by the irregularities of 
the ground or sea, and even to some extent by those of the ionosphere itself. Scattering 
coefficients of the earth’s surface may be quite variable depending upon the nature of the 
surface and the elevation angle [1]. Some of the scattered energy is returned over the same 
propagation path to the vicinity of the transmitter [2 to 7] and, by measuring the time delay 
of the echo, the slant range to the scattering source may be inferred. By employing a direc­
tional antenna rotating slowly around the vertical, the azimuth to the echoing region can 
be estimated.

If information about ionospheric height is available, the measured slant range of the 
back-scatter echo may be converted to ground range [8, 9]. Thus, with a single station, 
the condition of the ionosphere can be determined in all directions from the station, generally 
to distances of the order of several thousand kilometres [10]. Relatively large pulse widths 
(1 ms) are typically employed to capitalize on the “ time focusing ” which occurs just beyond 
the edge of the skip zone [11, 12]. This method is often called simply “ back-scatter sound­
in g ” .

An alternative method of measurement is to vary the frequency at a given azimuth, 
rather than varying the azimuth. This has been called “ sweep-frequency back-scatter sound­
in g ” , and gives more definite information about the propagation modes present at a given 
azimuthal direction.

2. Identification of sources of back-scatter

To establish the bearing of a back-scatter echo, the combined azimuthal directivity 
of the transmitting and receiving antennae must be sufficient to discriminate against off- 
bearing echoes. However, because of ionospheric tilts, the possible errors in azimuthal 
information become progressively greater with the number of hops involved.

To estimate the range of back-scatter sources from oscilloscope records, it is necessary 
to postulate the active modes. Their identification is assisted by a knowledge of the combined 
vertical directivity of the antennae, but unless vertical-incidence data are available, caution 
is needed in drawing conclusions. In one experiment, however, when the ionospheric height 
data were not available, the ground range was inferred using an antenna with a vertical 
pattern split into two distinct lobes: by showing an overlapping of the echoes from these two 
lobes the phenomenon of focusing has been demonstrated [13].

The focusing effect is characteristic of F-layer echoes near the skip distance, and the 
probability of occurrence of this effect appears to be greatest in the evening in winter and at 
night in summer. The absence of focusing can be used to identify Es modes [14]. Another 
method of identifying Es modes is the use of the azimuth-sweeping back-scatter sounder:

* This Report was adopted unanimously.
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motion of isolated Es patches can be traced with surprising ease, and a general westward 
drift has been noted around 40° north latitude [15 to 20].

This type of sounder occasionally observes slight changes in range of the skip-zone echo, 
these changes in range being a function of the azimuth. These are consistent with a large- 
scale single wave of altered F-region ionization, the wave sweeping over the observing station 
at speeds of the order of 1000 km/hr [21]. In addition, when sufficiently short pulses are 
used for back-scatter sounding, irregularities in signal amplitude which may change range 
with time are seen. These signal enhancements appear to be caused by moving irregularities 
in the ionosphere which cause signal focusing [21, 22] or by certain special conditions [23].

A lack of correlation was often observed between the transmission loss in a given 
radiocommunication link and the total loss in the back-scatter soundings performed along 
the same path as the radio link. This is due to the fact that the intensity of the back-scatter 
echoes strongly depends upon the presence of focusing F2-region irregularities, which have 
no detectable influence on the transmission loss in a radiocommunication link. It is also 
observed that this focusing effect is stronger when the back-scatter sounding in temperate 
latitudes is performed in the direction of the Earth’s magnetic field [27].

3. Practical applications

Back-scatter tests have been carried out at fixed frequencies to determine the usefulness 
of this technique in the operation of the H F broadcasting service. Service areas deduced 
from these tests were found to be in better agreement with listener reports than predictions 
based on vertical-incidence soundings. The echo patterns showed clearly the difference in 
coverage over the service area on changing the transmitting antenna. Some similar tests 
have shown that it is possible to estimate, with an accuracy of a few minutes, the fade-out 
time of signals on a telegraph circuit of average length [12, 24, 25].

Back-scatter observations have shown that the skip zone of an Indian broadcast trans­
mission was smaller than had been anticipated from consideration of the F-layer alone and 
this was found to be due to Es propagation [26].

Back-scatter techniques have been used to observe the effects of solar flares [28].

4. Unusual phenomena

Back-scatter experiments have shown long-range echoes out to 10 000 km which are 
stronger than multi-hop echoes present at the same time at shorter range. They sometimes 
persist after the multi-hop echoes have faded out. Such long-range echoes, without inter­
mediate ground reflections, are observed primarily during dawn, twilight, or trans-equatorial 
propagation conditions (see Report 250-1). They are generally attributed to layer tilts and 
have been the subject of considerable study [29, 30].

Back-scatter observations have been reported suggesting the existence of an interesting, 
mode of propagation in which an HF signal at a frequency, always somewhat above the 
penetration frequency of the ionosphere in the direction of the magnetic field, is apparently 
guided along the field lines [31].

Other work at 40-3 MHz has shown echoes with delay up to 50 times greater than those 
for E reflections [32]; they involve off-path auroral echoes as well as one- and two-hop F2 
ground-scatter reflections from as far as 6000 km. During winter daytime, F2 reflections 
were nearly always involved.

Observations have been reported of anomalous back-scatter returns observed at the 
time the satellite passes through an area accessible to the sounder or through the region in 
the opposite hemisphere magnetically conjugate [33].
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5. Direct back-scatter from ionospheric irregularities

5.1 Field-aligned ionization

Irregularities and gradients have been observed experimentally in the ionosphere, which 
are capable of giving direct back-scatter echoes at frequencies well above the frequencies 
normally reflected from the ionosphere by over-dense ionization. The process is an inefficient 
one. Most of the energy passes through the scattering region, but a substantial echo is 
nevertheless observable, because of the large volume of scatterers observed instantaneously 
by the radar. Those echoes have the unique property, that they are strongest when observed 
from an orientation at right angles to the direction of the Earth’s magnetic field. An empirical 
description of the scattering process has been given by Booker [34]. Possibilities of commu­
nication by those modes have only partially been explored.

5.2 Auroral ionization

Near the auroral zone, the aurora has sufficiently intense scattering properties to scatter 
HF, VHF, and even UHF radar waves. A survey of work prior to 1955 is contained in 
[35, 36, 37, 38]. These echoes are closely related to the visible aurora, and have a diurnal 
variation which is maximum near midnight. The seasonal variation has a maximum at 
the equinoxes. In addition to a dependence upon the geometry of the magnetic field, the 
auroral echoes appear to be confined to heights of the order of 100 to 125 km, in contrast 
to the much greater heights, at which visible light from the auroral rays can be detected. 
When the E region is sunlit, another type of auroral echo appears [36]. These echoes appear 
to come from height regions about 10 km in thickness [39] but of great lateral extent.

Systematic studies of auroral back-scattering have now been carried out on scaled 
systems operating in one experiment at four frequencies between 42 and 104 MHz inclusive 
[40, 41], and in another at two frequencies near 500 and 1000 MHz [42]. These studies 
indicate that critical reflection may occur at frequencies as high as 100 MHz during auroral 
disturbances supporting the use of a theroetical model which includes both weak scattering 
and critical reflection [43], to explain echoes at these frequencies. At higher frequencies, 
the evidence suggests that auroral back-scatter echoes arise only by weak-scattering from 
non-isotropic, field-aligned, irregularities, although present theories appear somewhat in­
adequate in explaining all of the results. Multiple scattering may also be significant.

Direct back-scatter from irregularities in the F-region at heights of 250-400 km appa­
rently unrelated to visual aurora have been obtained [44], with winter daytime echoes appear­
ing more “ patchy ” than those seen at night [45].

Even at latitudes far from the auroral zone, H F ground back-scatter equipment has 
observed distant echoes from auroral ionization, with the aid of ionospheric bending and 
possibly an additional reflection from the ground [46].

5.3 Field-aligned ionization at middle latitudes

HF radars, of the type used for ground back-scatter sounding, regularly observe field- 
aligned echoes that resemble auroral echoes in many ways but are not so intense and do not 
correlate with geomagnetic activity. An E-region type, associated with sporadic-E, is dis­
tinctly separate from an F-region type associated with spread-F [47]. A 200 MHz observa­
tion, giving evidence for E-region field-aligned ionization, but possibly being related to 
meteoric ionization, has been observed over a middle-latitude oblique path [48].
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5.4 Equatorial field-aligned ionization

In the special case of the magnetic-dip equator, where the magnetic field is parrallel to 
the Earth’s surface and to the ionosphere stratifications, F-region ionization, associated with 
spread-F conditions, as registered by a vertical-incidence sounder, actually consists of field- 
aligned horizontal irregularities which principally give echoes in the east-west plane through 
the vertical containing the station [49] and exhibit characteristic drift patterns [50].

5.5 Artificial satellites

Spread-F echoes have been observed by means of the “ Alouette ” topside-sounder 
satellite. Spread echoes occur largely at high latitudes and appear to arise from back-scatter 
from local irregularities in the turbulent ionosphere and also at times from clouds of ioniza­
tion within the auroral zone [51]. Equatorial spread-F has also been observed [52, 53]. 
This spreading has been explained on the basis of north-south propagation along sheets of 
ionization aligned with the magnetic field, in which trapping by the field-aligned sheets occurs 
at levels near the normal height of F-layer reflection.
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R EPO R T 262-1 *

VLF PROPAGATION IN  AND TH RO U G H  TH E IO N O SPH ER E

(1963 -  1966)

1. Historical

It has been known for many years that very low frequencies can be propagated through 
the ionosphere by a mode which for historical reasons has been called the “ whistler mode ” . 
In the original studies, the signals originated in lightning flashes and the frequencies observed 
were within the audio range and were termed “ musical atmospherics ” [1,2]. These frequen­
cies were, moreover, subject to a dispersion in time, the velocity of propagation decreasing 
with frequency so that the received signals had a characteristic whistle of decreasing frequency 
over a period of a second or more. They also consisted of a series of well-separated echoes 
with increasing frequency dispersions. These remarkable properties were explained theore­
tically in terms of propagation, by an extraordinary mode of low velocity and small attenua­
tion, along a path closely confined around a line of the Earth’s magnetic field, the signals 
travelling to and fro between conjugate points on the surface of the Earth [3, 4 and 5]. This 
mode is known as the “ whistler mode ” . A comprehensive survey of the history and present 
state of whistler research has been recently published [6].

2. Use of VLF transmitters

More recently, this mode of propagation has been studied by using high-power VLF trans­
mitters. With the increasing interest being shown in the problem of transmission on various

* This Report was adopted unanimously.
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frequencies for terminal points on the surface of the Earth and in or above the ionosphere, it 
is now preferable to think of VLF propagation in general and to restrict the term “ whis­
tler ” to transmissions covering a frequency spectrum such as is originated by a lightning 
flash for which the frequency dispersion characteristic of whistlers can be observed.

It is interesting to note, that the times when relatively strong signals have been obtained 
between conjugate points with VLF transmitters have shown only poor correlation with 
the times when whistlers were prevalent. Thus, although experiments using natural 
sources are of great scientific interest in unravelling some of the complexities of VLF pro­
pagation through the ionosphere, they must be supplemented with experiments directly 
related to propagation on given frequencies from chosen transmitting points.

3. Frequency limits and intensity considerations

It has been found that when both terminals are on the surface of the Earth, the whistler 
mode is effective at frequencies as low as 400 Hz and as high as 35 kHz. It has been observed 
at most locations between geomagnetic latitudes 20° and 80°, and there is a well-defined 
cut-off frequency which is approximately 0-6 of the minimum gyro-frequency along the 
path. Observations at middle latitudes show that, at night, signals by a single traverse between 
conjugate points can be obtained by the whistler mode for more than half the time and can 
approach in strength on occasion to within 10 dB of the conventional waveguide signal 
between the Earth and the ionosphere. Little is known about the intensity of daytime 
whistler-mode signals, but it appears that they are severely attenuated in the D region of the 
ionosphere.

Several factors seem to be important in the calculation of intensity, including:

— the polarization and directivity of the radiator,

— the properties of the path between the end-points of the duct in the ionosphere and 
the terminal points on the ground,

— the transmission coefficient for the propagation through the lower regions of the ionos­
phere,

— the spatial divergence in the duct,

— multipath effects resulting from the presence of more than one duct,

— the possible amplification, or absorption, of signal energy through interaction with 
charged particles in the plasma.

4. Propagation analysis

A general computer programme has been developed, for studying with a full-wave 
treatment, the fields in a horizontally stratified ionosphere for waves incident from above 
or below for a wide range of the relevant parameters [7]. A new reciprocity relation has 
been established between the transmission coefficient and the limiting polarization, for a 
whistler-wave incident on the ionosphere from above and the corresponding parameters for 
a wave incident from below. The analysis has been applied to a large amount of LF and VLF 
data available from south-east England and to various models including one based on wave 
interaction experiments at Oslo, from which the distributions of electron density and colli- 
sional frequency with height have been determined with some accuracy up to about 85 km 
[8, 9]. For any given model, it is necessary to extrapolate these distributions upwards through 
the E layer, in a manner consistent with the observed frequency dependence of reflection 
height and absorption at HF [10, 11].

19
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A survey has been made of the whistler-mode characteristics for day and night. In some 
of the models used the effect of sporadic-E layers has been included [12]. Near 14 kHz, 
the transmission coefficient varies only slowly with angle of incidence between ±85°, whereas 
near 100 kHz, efficient transmission is possible only at angles within a limited cone with 
its axis along the direction of the magnetic field. Both by day and night, the transmission 
coefficient is mainly determined by losses in the ionosphere, provided that steep gradients 
of electron density, similar to those in a sporadic-E layer, are absent. When sporadic-E 
is present, the transmission coefficient falls. Both by day and night, sporadic-E can give 
very high internal reflection coefficients for waves reflected from above. This is important 
when one end of the field line is in daylight, since very efficient long whistler propagation 
may then be possible.

5. Satellite observations

The study of VLF propagation in and through the ionosphere has been considerably 
advanced by using satellites, whereby it has become possible to make measurements within 
the ionosphere itself, as well as below and above it. For a terminal point within the ionos­
phere, consideration must be given to the effect of a highly anisotropic medium on the antenna 
characteristics and thus on the transmission loss. In this connection, an interesting series of 
experiments has been undertaken in the LOFTI satellite programme. This programme was 
designed to study both theoretically and experimentally the degree and extent of VLF radio­
wave penetration of the ionosphere. One aspect of the LOFTI programme includes an expe­
riment to measure the impedance of dipoles and loops embedded in the ionosphere. To date, 
two space vehicles have been launched under the LOFTI programme. LOFTI I indicated that 
useful amounts of VLF radio energy can penetrate the atmosphere/ionosphere interface and, 
in particular, that 18 kHz signals from ground-based transmitters were detected as far as 
10 000 miles away in the ionosphere with substantially less attenuation at night than by day, 
as expected. The observed time delays ranged from 10 to 200 ms, indicating that the VLF 
propagation velocity in the ionosphere is much lower than in free space [13]. In the LOFTI II 
experiment, in addition to signal strength, measurements were made of dipole impedance 
in the ionosphere. The measured impedance was found to be radically different from that 
in free space. Theoretical analyses have been made by various groups. These also indicate 
that the dipole impedance in a magneto-ionic medium is radically different from that in 
free space.

Alouette I contains a VLF receiver covering the frequency range 0-4 to 10 kHz using 
an electric dipole. While the observations do not yield amplitude information, the VLF 
signals received at the satellite are very strong indeed. The satellite moves in a nearly circular 
orbit, at an inclination of 80° to the equator and at a height of about 1000 km. Short frac­
tional hop (SFH) whistlers, i.e. those which have been propagated from a lightning flash 
only once through the ionosphere, are strongly received and often overload the receiver. 
Transmissions are received from high-power ground-based transmitters and even from low- 
power transmitters (100 W) at 10 kHz, but no study has yet been made of these signals.

Concerning the propagation of very low frequencies, these observations emphasize two 
special points not hitherto considered in any detail:

— the importance of propagation within the ionosphere transverse to the direction of the 
Earth’s magnetic field, no clear evidence of which has been obtained with ground-based 
equipment;

— the importance of ions on the propagation of the lowest frequencies.
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With reference to the first, it is noted in the Alouette I satellite that long fractional 
hop (LFH) whistlers, i.e. those thought to be propagating down the line of force from the 
opposite hemisphere, can often be observed having the same dispersion characteristics 
during a full ten-minute telemeter recording. This implies that a particular duct is active 
throughout this period in propagating the whistlers which, after leaving the duct, can travel 
some thousands of kilometres transversely to reach the satellite receiver. Besides this fact, 
not previously noted in the literature, horizontal propagation of SHF whistlers can lead 
to reflection of these signals near the height of the satellite [14, 15, 16]. Moreover, a VLF 
plasma resonance (the lower hybrid resonance for the transverse mode of propagation), is 
evident in Alouette I VLF data as a cut-off frequency for a VLF noise band [17], and its 
identification is providing a source of information on the mean ionic mass at the height of 
the satellite [18].

The evidence for the importance of ions at the lowest frequencies is concerned with 
the identification of ion cyclotron whistlers [19], which are also being investigated as a means 
of studying the ions at the height of the satellite [20, 21].

6. The exosphere

The fact that propagation paths for the whistler mode can extend far from the Earth to 
distances of several earth-radii shows that a measure of ionization must exist out to these distan­
ces. As mentioned above, satellite experiments are revealing the part played by electrons and 
ions in the Earth’s magnetic field as a major factor in VLF propagation, and the whole 
subject of the movement of charged particles in the exosphere is of interest in this connection. 
It has been shown that, not only the forces due to the movement of the particles in the Earth’s 
magnetic field, but also those due to gravity, are of importance in determining the limits 
between which the particles spiral round the field lines. In addition to the “ magnetic mirror ” , 
where the particles are reflected back along the field lines at a point where the radius of the 
spiral path is a minimum, there is, in general, an upper reflecting level where the path has 
a maximum radius and the gravity field controls and prevents any further movement along the 
field line. The particle is thus trapped between these two levels and, in some conditions, 
the distance apart of these levels is small, so that for a certain critical condition the particle 
can be “ frozen ” at a fixed level along the field line. Such considerations explain why the den­
sity of electrons and ions, as deduced from investigations of the whistler mode of propagation, 
often differ from the value expected from simpler assumptions of the movement of charged 
particles in the exosphere [22],

7. Conclusions

In conclusion, it may be pointed out that there may be a close connection between 
very low-frequency propagation by the whistler mode and high-frequency propagation by 
ionospheric irregularities aligned along the lines of the Earth’s magnetic field referred to 
in Report 341. It may well be that the study of the one mode will throw light on the nature 
of the other.
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IO N O SPH ER IC  EFFECTS U PO N  EARTH-SPACE 
RADIO PROPAGATION

(Study Program m e 19A/V1)

(1963 -  1966)
1. Introduction

The purpose of this Report is to treat the effects of the ionosphere upon radio waves 
of frequency greater than the vertical incidence ionosphere penetration frequency, i.e. 
frequencies which would conventionally be used to communicate to spacecraft. The ionos-
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phere may affect any or all of the five basic parameters defining the propagation of radio 
waves. That is, the amplitude of the radio wave may be affected by absorption, or large-scale 
focusing effects, or by small-scale diffraction effects; the angle of arrival may be changed 
by refraction or diffraction; the instantaneous frequency of the radio wave may be affected by 
fluctuations in the received phase; the polarization of the radio wave may be changed by the 
magneto-ionic splitting and subsequent differential absorption refraction, and phase changes. 
The time and space variations of these various parameters may be affected by ionospheric 
irregularities of various sizes for a moving source even for the quiet non-varying ionosphere, 
but especially at times of disturbance (e.g. auroral disturbances).

In §§ 2 to 6, a brief mention will be made in turn of each of the various effects and § 8 
gives an order of magnitude and the frequency dependence of the effects. Much of the 
material summarized in this Report comes from a paper [1], which describes the main 
American and British work, but similar work has been done elsewhere (e.g. in Canada, 
the Federal Republic of Germany [2], the U.S.S.R., and elsewhere). The bibliography is 
by no means complete.

Amplitude

Ionospheric absorption does occur, but it diminishes rapidly as the radio-wave frequency 
is increased and hence is unimportant for the frequencies above 100 MHz which would 
normally be used for space communication. Rather, absorption at the lower frequencies 
is an important tool for studying the low-lying levels of the ionosphere and the interaction 
of these levels with incoming radiation and charged particles.

The divergence effect which, in certain cases, may exceed absorption effects, is also 
unimportant for practical space communication.

The irregular structure of the ionosphere is responsible, through the interaction of the 
diffracted waves which it produces, for amplitude-scintillation effects. Amplitude scintillations 
can become extremely severe and thus they may represent a practical limitation for certain 
types of communication. They are most severe at night and at high latitudes, although a 
particularly violent form of scintillation is also found near the geomagnetic equator.

The refractive effects of the larger irregularities in the ionosphere might be expected 
to cause focusing of the radio waves. This phenomenon has been observed to occur at 
radio frequencies below 70 MHz.

In addition to its direct amplitude effects, the irregular structure of the ionosphere may 
operate in more subtle ways to produce the appearance of amplitude changes on a particular 
receiving system. For example, the irregularities may so enlarge the apparent size of a 
small source, or so destroy the correlation of the radio waves over the aperture of a large 
antenna, that the source seems to disappear. Also, the ordinary and extraordinary rays, 
travelling along slightly different paths, may be subject to uncorrelated phase fluctuation. 
The polarization of the resultant wave will vary rapidly and, if a linearly polarized antenna 
is used, the signal will undergo severe amplitude fluctuations, attributable to the “ polar­
ization flutter ” .

A series of experiments have been conducted which show the effect of auroral disturb­
ances on UHF propagation through the ionosphere [3, 4,]. Observations were made of 
the amplitude and polarization of signals at 440 MHz reflected from the Moon. Whilst 
the received signal level remained constant to within the accuracy of measurement ( ± 2  dB) 
during the course of the disturbance, the fading rates increased by a factor of two or three, 
so that the power spectrum of the CW signals was extended. The most important effect, 
however, concerns the plane of polarization, which was subject to rapid fluctuations of 
one radian and more within times of a few minutes. Effects due to this rotation of the plane 
of polarization may be reduced by using circularly polarized antennae.
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3. Angle of arrival

The steady, spherically stratified component of the ionospheric electron-density dis­
tribution increases the apparent elevation angle of an external radio source. This effect is 
proportional to the square of the radio wavelength. The magnitude of this systematic 
refraction is commonly overshadowed by both the regular and irregular components of 
refraction. The long-term average component of refraction at high elevation angles is to 
some extent predictable from the expected horizontal gradients in the ionosphere. Irregular 
refraction, which typically varies from one ten-minute period to the next, commonly domi­
nates other types of ionospheric refraction, and is not predictable.

The same irregularities which produce amplitude scintillations also produce angular 
scintillations. These short-period fluctuations can result in variations in the angle of arrival, 
and may be so severe as to cause the source to “ disappear ” under certain conditions [5].

4. Frequency

The effects of the ionosphere upon the apparent frequency of a radio signal from a 
satellite produces only a second-order effect, and its influence upon a communications 
circuit is generally unimportant. On the other hand, the dispersive Doppler effect and the 
related phase-modulation techniques are of considerable interest as a tool for measuring 
the electron content of the ionosphere and exosphere [6, 7].

A work [8], done in the Federal Republic of Germany, reports on systematic observa­
tions of the Doppler effects at 48°N at 20 and 40 MHz respectively. Important ionospheric 
effects are found. Deformations of the curve of Doppler frequency as a function of time, 
due to refraction, were found to be strong in about 40 % of all cases, increasing considerably 
the inaccuracy of the determination of the time of closest approach.

5. Radar range

The effects of the ionosphere upon the accuracy of the determination of distance appear 
to be small at 100 MHz (see lines 1 and 5, Table II).

6. Polarization

Earth-space communication stations require particular attention to ionospheric Faraday 
rotation. This phenomenon seriously affects any VHF space communication system which 
uses linear polarization and provides the basis for an accurate and sensitive technique to 
measure the total electron content of the ionosphere.

The paper [8] also reports on systematic observations of Faraday effects at 48°N at 
20 and 40 MHz respectively. Important ionospheric effects are found, but ionospheric 
scintillation perturbed the regular sequence of Faraday fading in about 50% of all cases, 
and the Faraday fading was completely absent in 20% of all cases.

7. Trajectory and group path

Formulae for real radio paths and their group paths, presented in [9] and [10], can be 
used for paths penetrating through the ionosphere, as well as for connections between two 
satellites via reflection from the ionosphere.

8. Order of magnitude of ionospheric effects upon earth-space communications

Ionospheric effects upon earth-space communication are summarized in Table I, which 
shows the frequency dependence of the various ionospheric propagation effects at VHF and
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higher frequencies. The expressions are based on approximations to the Appleton-Hartree 
equations and may not be valid in the quasi-transverse case.

Table II is designed to give some feeling for the magnitude of the ionospheric effects 
at a frequency of 100 MHz. Most of the values are based on the total ionospheric contri-

S

bution for zenithal quasi-longitudinal propagation through an ionosphere J Ndh is 1017/m2
O

column, and col =  5 x 106 radians/s. The refraction is based upon a transverse gradient
.S

in J Ndh of 1011 electrons/m2 column per metre, i.e., 1% per 10 km; the value of A /is
O

based upon a satellite observed near the horizon in a typical orbit just above the ionosphere.
S'

The value of J Ndh of 1017/m2 column is believed to be typical of an average ionosphere,
0

and could vary by at least a factor of ten in each direction, i.e., from 1016 to 1018/m2, 
depending upon the time of day, the season, the position of the sunspot cycle, and the geo­
graphical location.

As an example, measurements made in India [11] have shown the following deviations 
from the normal diurnal and seasonal variations of the electron content (Is):

— while there is considerable scatter in the midday values, the scatter in the night-time 
values is very small. The value of Is remains practically steady from 0000 up to about 
0600 hrs;

— during the period of low solar activity, the electron content values, as well as foF2, do 
not show any winter anomaly which is normally observed during high solar activity 
condition;

— the electron content values seem to be more or less independent of solar activity until 
the solar 10 cm flux exceeds about 80 units; there is an indication of a positive correlation 
for 10 cm solar flux exceeding about 80 units;

— the electron content seems to be positively correlated with magnetic activity during
daytime, while night-time values do not show any dependence on magnetic activity;

— the electron content values show a dependence on the solar zenith angle. The exponent 
of the cosine of the solar zenith angle for the forenoon and afternoon have been calculated 
for different seasons;

— the thickness parameter shows variations that are correlated with both solar flux and 
hmF2 variations;

— it is seen that the percentage of occurrence of scintillations is maximum around 0200- 
0400 h 1ST. There are also two secondary maxima of scintillation occurrence, one
around 2100-2200 h and the other around 1100-1200 h 1ST;

— on some days the electron content reached abnormally high values, correspondingly the 
foF2 values are also found to be unusually high. However, no significant solar or geo­
magnetic activity is reported for these days.

For ionospheric conditions other than those used in Table II, the proportional changes 

in J Ndl and u>L should be used to estimate the ionospheric effects at 100 MHz; for VHF
O

and UHF frequencies other than 100 MHz, the frequency dependence of Table I should 
then be used.

The absorption values are order-of-magnitude estimates of the one-way absorption, 
at vertical incidence, of a 100 MHz radio wave during the night, during the day, and during 
a strong daytime polar-cap absorption event.
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T a bl e  I

Frequency dependence of ionospheric propagation effects

Varies as

1. Phase-path length change (negative) (Al) 1/co2

2 . Refraction ( t ) 1/co2

3. Phase change (negative) (8) 1/co

4 . Frequency change (negative) (A/) 1/co

5 . Group-path delay (AT) 1/co2

6 . Differential phase-path length 0  ( A /+ — A / _ ) 1/co3

7 . Polarization rotation (Q) 1/co2

8. Absorption (dB) (A) 1/co2

9. Differential0  absorption (dB) ( A _—A+) 1/co3

(!) Subscript ( —) indicates the extraordinary ray and ( + )  the ordinary ray.

T abl e  II

Order of magnitude of ionospheric propagation effects at 100 MHz

1. Phase-path length change (Al) = -  400 m
2. Refraction ( t ) = 4 X lO -4 radians
3. Phase change (8) = — 840 radians
4. Frequency change (A/) = -  6 Hz
5. Group-path delay (AT) == 1-3 X 10-8 s

6. Differential phase-path length (r) (A/+ — A/_) = 6-4 m
7. Polarization rotation = 6-6 radians

| night = 0-005 dB
8. Absorption (A) I day = 0-05 dB

daytime PCA (2) = 1 dB
I night = 5 X 10-5 dB

9. Differential 0  absorption (A _ —A +) 1 day = 5 X 10-4 dB
I daytime PCA (2) = 1 X 10-2 dB

(*) Subscript ( —) indicates the extraordinary ray and (+ )  the ordinary ray. 
(2) Polar-cap absorption event.
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R EPO R T 264-1 *

PR ED ICTIO N S OF IO N O SPH ER IC  FIELD STRENGTH AND 
PROPAGATION LO SS FO R  TH E FREQUENCY RANGE 

BETW EEN 150 AND 1500 kHz

(Study Program m e 17A/VI)

(1959 -  1963 -  1966)

1. Introduction

Study Programme 17A/VI calls for the continuation of measurements of field strength 
at frequencies below 1500 kHz in relation to the revision and extension of propagation 
curves for the prediction of field strengths in this frequency range. The present Report is 
restricted to frequencies in the range 150 kHz to 1500 kHz, since it has been found desirable 
to consider frequencies below 150 kHz separately, as is done in Report 265-1.

The Report gives the progress already made in this field and suggests future work required 
to provide propagation curves applicable to all areas of the world; but its special and imme­
diate purpose is to present a set of curves for night-time field strengths for the European 
Broadcasting Area. It therefore begins with a detailed description of the curves and the 
method of use. Reference is then made to results already obtained in other areas of the 
world, and some preliminary comparisons are given which indicate some of the differences 
from the European Broadcasting Area which may be established when a further study has 
extended the use of the propagation curves to other areas, in particular to low latitudes and 
to the southern hemisphere.

* This Report was adopted unanimously.
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2. European Broadcasting Area

2.1 Introduction

The nocturnal field strength at low frequencies (band 5) and medium frequencies (band 6) 
has been the subject of a measurement campaign organized, by the European Broadcasting 
Union since 1952 and by the International Broadcasting and Television Organization 
(O.I.R.T.) since 1958. These measurement campaigns were undertaken independently of 
one another; the number of hours recorded were greater in the case of the E.B.U. than 
that of the O.I.R.T., but the O.I.R.T. measurement campaign covers more frequencies.

This Report is based on the field-strength recordings made by the two organizations 
in the European Broadcasting Area up to 1962; the total number of hours recorded exceeds 
67 000. It is intended for forecasting the nocturnal field strength in this area, such forecasts 
being necessary to solve any problem relating to the assignment of frequencies. It does not, 
therefore, propose to give a scientific explanation of the physical phenomena that underlie 
the variations of the nocturnal field strength, and it does not seek to justify the methods 
used; it has been intentionally designed as a working instrument.

The organization and analysis of the measurements are described in detail in [1] and [2],

Note 1. — As these predictions are based on data obtained only in the European Broad­
casting Area, they do not necessarily apply to other areas.

Note 2. — Administrations are encouraged to examine the methods in the light of infor­
mation at their disposal, with a view to extending them to other areas.

2.2 Annual median value o f field strength

The field strength can be represented by the following general expression:

F , =  F0 +  A A (1)
where

F x is the annual median value of the field strength (dB rel. 1 g.V/m), for a power of 
1 kW radiated by the transmitting antenna, reception being by a small loop antenna.

F0 is the annual median value of the field strength (dB rel. 1 yN/m), for a reference trans­
mitting antenna giving, over perfectly conducting ground, a field strength of 3 X 105 [J.V/m, 
in all directions above the horizon, reception being by a small loop antenna.

Aa is a correction factor (dB) for the transmitting antenna to account for the radiation 
pattern; if this antenna radiates a power of 1 kW, the factor Aa is equal to the ratio (dB) 
between the field strength for a given angle of departure in the vertical plane at a distance 
of 1 km and a field strength of 3 x 105 yN/m.

The correction factor Aa may be deduced from the horizontal and vertical radiation 
patterns of the transmitting antenna assumed to be placed on a perfectly conducting earth. 
Fig. 2 gives values of Aa as a function of the distance between the transmitting and receiving 
points in the theoretical case of:
— a lossless unloaded vertical antenna of height (/?),
— a reflection at a vertical height of 100 km above a spherical earth. (The height of 100 km 

corresponds to propagation via the E-region of the ionosphere, which is usually the case, 
except occasionally at frequencies approaching 1500 kHz, for the later hours and for 
the shorter distances.)

The discontinuity of the curves at 2200 km corresponds to the distance beyond which there 
are at least two hops.
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The value of F0 is given by:

F0 =  80-2 -  10 log D -  0-0018/ ° '26Z> (1«)
where

D — the distance (km);
/  =  the frequency (kHz).

The values of F1 and F0 are valid for the following conditions:
— the frequency range is from 150 to 1500 kHz;
— the magnetic dip at the mid-point of the path is 61°;
— the sunspot number (Wolf number) S  =  O;

(In this Report, the letter S  is used instead of R  to indicate the annual mean value of 
the sunspot number (Wolf number). This has been done to avoid confusion with the 
symbol R, used for the field-strength ratio in § 2.4 of this Report.)

— the local time at the mid-point of the propagation path is midnight;
— the distances D are between 300 and 3500 km.

Fig. 1 shows a family of propagation curves for F0, computed from equation (la),
for frequencies of 150, 200, 300, 500, 700, 1000 and 1500 kHz, i.e. for the same frequencies
as those used in Recommendation 368 (Ground-wave propagation).

The following equation should be used to obtain the annual median values for more 
general conditions:

The symbols in this formula have the following significance:
Fh (50) is the annual median value of the vertical electric field strength (dB rel. 1 [xV/m) 

at H  hours local time at the mid-point of the propagation path, fo r:

— a transmitting antenna characterized by Aa ;
— a sunspot number, S ;
— a magnetic dip, I, at the mid-point of the propagation path.

F1 is the value given by equation (1).

P  is the power radiated from the transmitting antenna (dB rel. 1 kW).

A/ is the correction to be applied to take account of the magnetic dip I, at the mid­
point of the propagation path. The value of this correction (dB) is given by 
the curves shown in Fig. 3. The magnetic dip considered is given by the maps 
shown in Figs. 4 and 5.

A;y(50) is the correction to be applied when the local time H  at the mid-point of the 
path differs from midnight. The value of this correction (dB) is given in Fig. 6.

Note: — If the concept of propagation loss is used (see Recommendation 341 and Report 
112), formulae (la) and (2a) become respectively:

Lpo denoting the annual median value of propagation loss between the transmitting 
antenna and a small loop receiving antenna, and £,,#(50) denoting the annual median value 
of propagation loss at a local time H  at the mid-point of the propagation path; the symbols 
in the two formulae and the conditions in which the formulae are used are the same as for

Fh (50) = Fx +  P +  A/ +  Ah (50) -  0-02A (2a)

Lpo = 10 log D +  20 l o g / +  0-0018/ ° '26 D — Aa — 7-75 

LpH(50) =  Lp0 -  A, -  AH (50) +  0-02 S

(lb)

(26)
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formulae (la) and (2a) respectively. For reception with other types of receiving antenna, 
equation (16) may still be used, if an additional term of the type Aa is subtracted to allow 
for the directional pattern of the receiving antenna in azimuth and elevation. Equation (1) 
cannot be generalized in a similar way, since the field strength is independent of the kind 
of antenna used for its reception.

2.3 Statistical variations o f the field strength or o f the propagation loss

2.3.1 Distribution o f hourly medians

Observed values, particularly when recorded over short periods of time, may 
be expected to depart significantly from the long-term values given in this Report.

The curves of Fig. 7 give the order of magnitude of the statistical variations of 
the hourly medians (it is shown in reference [1] that the long-term distribution of 
half-hourly medians is very nearly the same as that of the hourly medians) of the 
field strength, taking into account both the time at the mid-point of the path and 
the percentage of the nights considered. They make it possible to determine, approxi­
mately, the correction that has to be applied to the annual median value, to ascertain 
the field strength during a given percentage of the nights of a year. Thus (2a) and 
(26) become:

Note. — Fig. 7 shows the values SH (T) = AH(T) — AH(50), where AH(T) are the 
values given in [1].

2.3.2 Distribution within an hour

In Report 266-1 it is suggested that the short-term variations (within a half 
hour or an hour) follow the Rayleigh distribution.

All the statistical variations considered above refer to the hourly median values. 
To assess, in a more complete fashion, the possibilities of interference, the quasi­
maximum value of the field strength during the course of an hour may well have 
to be considered.

At any given point of reception, the annual median value of the ratio between 
the hourly quasi-maximum (10%) value and the hourly median value, varies little 
from one year to another; this ratio being, however, a function of the distance and 
the frequency. The study of the median value of this ratio, based on a large number 
of measurements made during the course of several years, shows that it increases 
with the frequency and that it decreases when the distance increases. Depending 
upon the distance and the frequency, this value varies between approximately 6 dB 
and 3 dB for medium frequencies (band 6) and between 4-5 dB and 2 dB for low 
frequencies (band 5).

However, for distances where single-hop propagation is no longer possible 
(above about 2000 km), this ratio no longer obeys an obvious law, but its median 
value remains in general below 6 dB for medium frequencies and around 2 dB for 
low frequencies.

2.4 Formula for estimating the wanted-to-interfering signal ratio R

At a particular receiving location, at a distance Du from the wanted transmitter of 
power Pu and at a distance Dn from the interfering transmitter of power Pn, and considering 
an interval of one hour, the mid-point of which corresponds to the local times H u and Hn 
of the mid-points of the path of the wanted and unwanted transmissions; the ratio R(T) 
dB between the wanted hourly median signal level and the interfering hourly median signal 
level, exceeded for a percentage T  greater than 50 % of the hours of the year when the value R 
is exceeded, can be calculated for a non-directional receiving antenna from the following 
formula:

Fh (T )=  Fh ( 50) +  8h (T ) 

LpH (T )=  LpH(50) -  8H (T)

(3 a) 

(36)
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R(T) =  Pu -  Pn +  FHu (50) -  FHn (50)—

J^H u (T) +  $Hn2 (100 -  D  +  2p8Hu (D  8„n (100 -  T) (4)

where p represents the correlation between the changes in hourly median values for the wanted 
and interfering signal propagation paths.

In the absence of measurements of this factor p, it is suggested that it be set equal to 0-5 
in using equation (4).

It should be noted that ?>Hn and 8hu always have opposite signs and that the minus 
sign before the radical in (4) is associated with the practical situation normally encountered, 
where the time availability T  of satisfactory service is greater than 50%.

Strictly speaking, equation (4) is applicable only to the extent that a log-normal distri­
bution describes the data. However, for the distributions encountered in practice, the formula 
is an adequate approximation.

2.5 Combined influence o f the hour and the season on the distribution o f hourly medians

Fig. 6 provides a correction of the hourly median as a function of the hour at the mid­
point of the path. But this correction term is itself no more than a yearly median derived 
from results obtained with different frequencies and at all times of the year. The spread 
of the correction, shown in Fig. 7 is, therefore, very great. Its value can, however, be rendered 
more precise and its dispersion reduced by bringing to the fore the seasonal factor obtained 
through statistical study carried out separately for each of a number of frequencies.

A first study has been effected using as a basis recordings made at 845 kHz throughout 
the night, over a period of three consecutive years (1959, 1960 and 1961), on the Rome- 
Wittsmoor, Rome-Darmstadt, Rome-Belgrade and Rome-Tel Aviv paths, the lengths of which 
vary between 700 and 2200 km. This made it possible to establish the family of curves in 
Fig. 8, giving the median value of the correction AH(50) to be made, as a function of the 
month and the hour, to the field strength calculated with the method described above. 
The curves clearly show two seasonal maxima, in March and in September, the latter being 
the greater. This seasonal effect is quite apparent on each of the paths used to establish 
the curves.

The present study of data obtained for other frequencies enables it to be assumed already 
that, for the European Broadcasting Area at least, a similar effect occurs throughout 
the medium-frequency broadcasting band and that the family of curves in Fig. 8 is also 
valid for the high end of the medium-frequency band. However, the completion of this 
study must be awaited to know whether the same results will be found at lower frequencies, 
including the low-frequency band, and to determine the effect of the geographical position 
of the path.

The slight field-strength maximum in the second half of the night, to be seen on Fig. 6 
relating to the whole of one year, is also found on each of the curves established each month 
for the four paths indicated above (845 kHz), and its position in the course of the night 
seems to be sensibly independent of the times of sunset.

The final objective of this study is to replace Fig. 6 by several families of curves similar 
to those giving the values A#(50), A#(90) and A#(10) and valid for the whole medium-, 
frequency band in the European Broadcasting Area. In certain applications, these families 
of curves might replace all those in Figs. 6 and 7.

A provisional method for giving a correction A'#,(50) in place of A#(50,) so as to obtain 
median values for the actual time of year rather than the yearly median value, has been 
proposed, based on an analysis of measurements. It takes account of the changes in the 
times of sunrise and sunset during the year and the decreasing attenuation during the night, 
arising from the decay of D-region ionization.

A^(50) =  9 [f(x) -  1] +  0-47 t (5)
where

t is the time in hours relative to midnight,
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X is the negative angle of elevation of the sun (beneath the horizon) and 
/  60 =  sin 2/ when x 45°

=  1 when x > 45°.

The validity of this correction is restricted to the period from three hours before mid­
night (t =  —3) to three hours after midnight (t =  3), as most measurements were made 
in this period. Charts are available for obtaining x as a function of latitude and time of 
year [3].

2.6 Influence o f finite ground conductivity on the vertical polar diagram o f the antenna

Finite ground conductivity near a transmitting or receiving antenna modifies the vertical 
polar diagram, as compared with the diagrams for perfectly conducting ground. The meas­
urements used for deriving the propagation curves were not adjusted for this, and F0 there­
fore includes the effect of ground of average conductivity at both sending and receiving 
ends of the path. Correction for other cases depends on the angle of the path, and, to a 
lesser extent, on the type of antenna. As a rough guide for paths exceeding 1000 km, good 
conductivity at the transmitter (10-2 mho/m) gives a greater sky-wave field strength by about 
1-5 to 2 dB, while poor conductivity (10~3 mho/m) gives a reduction of the same order. An 
extreme case is a transmitter sited next to the sea, with very good conductivity maintained 
for many wavelengths in the direction of the receiving point. An increase of about 6 dB 
is expected for this case, and a similar correction would also apply for sky-wave signals 
received at sea. In all cases, the correction for ground conductivity becomes less as the path 
length is reduced below 1000 km (see Report 401).

2.7 Diurnal propagation o f the sky-wave

Within the framework of studies carried out by the E.B.U. on medium-wave propa­
gation, the Norddeutscher Rundfunk’s receiving and measuring station at Wittsmoor near
Hamburg has made daytime measurements.*

The transmitters used for these measurements were Strasbourg (1160 kHz, 150 kW) 
at a distance of 610 km and Mainflingen (1538 kHz, 270/300 kW), at a distance of 405 km. 
The recording period was from November, 1963, to November, 1964, and the recordings 
were made between 0500 GMT (beginning of transmission) and 2200 GMT (close-down). 
107 recordings are available of the transmissions from Strasbourg and 128 from Main­
flingen [4].

From the results obtained from these recordings it may be concluded that, for the fre­
quencies and the propagation paths concerned, the annual mean value of the sky-wave 
field strength at noon, at the midpoint of the path, is about 45 dB lower than the correspon­
ding value at midnight.

3. Australia

3.1 Prediction curves

A study of medium-frequency sky-wave characteristics has been conducted by the Austral­
ian Broadcasting Control Board since March, 1953. Measurements made during this study 
have been the subject of publications [5, 6] and contributions to the work of the C.C.I.R. 
[7, 8]. The field-strength curves of Figs. 9, 10, 11 and 12 are derived from the latter docu­
ment which contains the results of two major measurement campaigns conducted in 1958-1959 
and 1963-1965. These figures show the hourly median field strength exceeded on 50% and 
10% of the nights of a year for an unattenuated field strength of 3 x 105 [xV/m at 1 km 
in the direction of propagation and at the angle of departure appropriate to one-hop E 
propagation.
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Figs. 9 and 10 refer to the field strength at the second hour after sunset for paths which 
are predominantly north-south, Fig. 9 being for the period of high sunspot activity and 
Fig. 10 for low sunspot activity. Fig. 12 also applies to the second hour after sunset and the 
period of low sunspot activity, but relates to long paths which are predominantly east-west. 
Fig. 11 relates to the field strength at 2330 hours during the period of low sunspot activity, 
for paths which are predominantly north-south.

Corrections given in Fig. 2 should be applied to field strength predictions from Figs. 9, 
10, 11 and 12, to compensate for the transmitting antenna vertical radiation pattern and 
to enable the predictions to be made on the basis of a radiated power of 1 kW. The inverse 
of this correction was applied to measured field strengths from which the basic prediction 
values were derived. Corrections given in Fig. 2 are considered to be sufficiently accurate, 
except where the transmitting antenna environment departs significantly from that of the 
transmitting stations used in the sky-wave measurement campaigns. Most of these trans­
mitting sites have a ground conductivity between 5 x 10~3 and 10~2 mho m.

3.2 Interpretation o f predictions

3.2.1 When applied to individual cases, these predictions may be in error for the following 
reasons:

3.2.1.1 The random variation from night to night which produces a standard deviation of 
2 dB over a period of one month for measurements made at a particular time of night.

3.2.1.2 The variation which occurs from hour to hour throughout the night.

3.2.1.3 The seasonal variation which produces a standard deviation of 2-5 dB for measure­
ments made at the second hour after sunset.

3.2.1.4 The variation which occurs from site to site in the one locality. For reception in an
urban area, this variation can be negligible at one frequency and up to ±  6 dB at
another frequency. Predictions in Figs 10 and 11 were developed from measurements 
processed in such a way that this variation was eliminated. Figs. 10 and 11 therefore 
refer to the field strength exceeded at 50 % of locations. An additional increase in
field strength of the order of 6 dB may occur, where the receiving antenna is in very 
close proximity to domestic electric wiring. The predictions are not applicable to 
reception sites with sea water in the foreground.

3.2.1.5 The variation between sunspot minimum and sunspot maximum.

3.2.1.6 All other variations. These produce a standard deviation in annual median values 
of 1 dB.

3.2.2 The type of variation mentioned in §§ 3.2.1.2 and 3.2.1.3 can be seen in Fig. 13, which 
shows the hourly median field-strength exceeded at 50 % of locations on 50 % of the 
nights of a month, in dB relative to the hourly median field-strength at 50 % of loca­
tions on 50% of the nights of a year (April 1964 - March 1965) at the second hour 
after sunset. Fig. 13 may be used in conjunction with the predictions given in Fig. 10 
to determine the field strength at any time of night and in any month during the 
period of low sunspot activity, for a transmission frequency of 1000 kHz. When 
Figs. 10 and 13 are used in this manner, the predictions will be more accurate for a 
distance of 700 km than for a distance of 1600 km.

3.3 A new transmission system

A new transmission system is now being studied, which depends upon achieving heavy 
absorption of the radiated power as it passes through the ionosphere even at night. It has 
been named orthogonal transmission, since in the present studies transmitting antennae are
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mounted at right angles and phased appropriately to produce, instead of a vertically pola 
rized wave, an elliptically-polarized wave that will excite only the extraordinary mode 
in the ionosphere. The ordinary mode, with its relatively small night-time attenuation at 
medium frequencies, is thereby excluded. Thus, the system provides a method of reducing 
the amplitude of interfering sky-wave signals and, while preserving the daytime performance 
of a conventional vertically-polarized antenna, may give a considerable increase in the night­
time service area [9].

Propagation tests conducted with the system in Australia during August, 1965, gave 
sky-wave field strengths 16 dB less than those received from a vertically-polarized transmission 
for the same daytime ground-wave field strength. Whether reductions of this order or greater 
can be obtained in regular service will depend upon numerous factors yet to be investigated, 
the most important of which is probably the depelopment of suitable transmitting antennae.

4. India

The field strength of a number of transmitters, at frequencies between 550 and 760 kHz 
and for path lengths between 350 and 1320 km, has been recorded in India since 1959.

Some of the results of these recordings have been submitted to the C.C.I.R. [10]. A 
yearly mean value of the field strength is given for one path (670 kHz, 1320 km). This value 
is about 6 dB higher than the corresponding value predicted for the European Broadcasting 
Area and about 3 dB lower than those predicted in Australia, but it should be pointed out 
that such a comparison has little statistical significance.

5. The United States of America

The F.C.C. standard broadcast curves of yearly median field strength [11], derived 
from measurements made in the U.S.A., have been available for many years and considerable 
use has been made of them in other countries. The measurements refer to a period of low 
solar activity, and the presentation adopted for the curves is based on the second hour after 
sunset and shows how they vary with latitude.

Limited comparisons between these curves and those in Fig. 1 indicate that comparable 
values are obtained when the dependence of the F.C.C. curves upon geographic latitude 
is translated into terms of geomagnetic latitude.

6. Africa

A joint measurement campaign was organized in Africa by the three broadcasting 
organizations—the O.I.R.T., the E.B.U. and the U.R.T.N.A.—for the African LF/M F 
Broadcasting Conference. The campaign lasted in all for about one year, from June, 1963 
to July, 1964—but many paths were studied for less than one year. Unfortunately, it was 
too short for sufficiently reliable propagation curves to be prepared. However, 760 meas­
urement sheets (one per path and per evening) were collected, representing a total of 2700 
measurement hours distributed over 23 paths, and the results apparently correlate fairly 
well on the whole with what could have been gathered from the curves for the European 
Broadcasting Area, except for a relatively large spread which could not be accounted for. 
The results, together with additional data on sea-paths provided by a member of E.B.U., 
are shown in Fig. 14, together with a curve of field strength against distance for a frequency 
of 1 MHz at 2200 hours local time at the mid-point of the path, as deduced from the curves 
in Fig. 1. The plotted points are the median values of the field-strength measured for the 
various paths in Africa, corrections of the type valid in Europe having been applied to convert 
them to 1 MHz at 2200 hours. (This reference time was chosen because it corresponded
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closely to most observations, thereby minimizing errors due to uncertainty about the time 
correction for Africa.) It appears that, in the absence of other data, the curves of the European 
Broadcasting Area could be used temporarily for African planning requirements, but with 
some caution. For instance, near the magnetic equator, the measurement results seem to 
confirm that propagation loss is greater along east-west as compared with north-south paths, 
as might be predicted from theoretical considerations of wave polarization [12]. Also, the 
variation of the hourly median value of the field strength during the night may differ from that 
found in Europe and may depend considerably upon the magnetic dip. A new measurement 
campaign, which the three organizations referred to suggest organizing in 1965-1966 may, 
it is hoped, clear up the various points.

7. Measurements made at distances below 300 km and above 3500 km

7.1 Pulse measurements at vertical and near-vertical incidence.

For the study of short-distance sky-wave propagation, it will be recalled that a know­
ledge of the possible values of the ionospheric reflection coefficients at vertical and oblique 
incidence (see Study Programme 17A/VI), can be very helpful in giving a complete under­
standing of the physical phenomena underlying medium-frequency modes of propagation. 
The work done in South West Africa [13] can be mentioned in this connection. Measurements 
have been made at a number of frequencies between 350 and 5600 kHz. Values of the mean 
night-time attenuation ranging from 6 dB at 1070 kHz to 17 dB at 365 kHz were found. 
Daytime values are much higher and at one hour before sunset and one hour after sunrise they 
may be several times higher than the night-time values. However, the relationship between 
the vertical-incidence measurements and the propagation of medium-frequency waves arriv­
ing in the ionosphere at oblique incidence is not very clear. Vertical-incidence reflections 
may occur at a height of approximately 100 km (at which height obliquely arriving waves 
are generally reflected) and at around 250 km (F layer) and even at intermediate heights 
(150 km) or even at several heights simultaneously.

Recent observations at the same station in South-West Africa have also shown daytime 
reflections in the D region between 70 and 100 km. In general, maximum absorption at 
vertical incidence was found in the region of 500 kHz, apparently associated with a change 
of reflection level. Thus, the lower frequencies were reflected in the D region where, due 
to the small gradient of ionization, the deviative absorption increases with frequency. Reflec­
tions from the E region appear at about 500 kHz; here the ionization gradient is steeper, 
especially when sporadic E is present, and at higher frequencies only non-deviative absorp­
tion is important. In the evening after sunset, for vertical-incidence reflection at frequencies 
below about 500 kHz, the ordinary component is more highly attenuated than the extra­
ordinary component, while at higher frequencies the reverse is true [14].

Ionograms made by the NBS at Boulder [15] actually show that the “ 100 km stratum ” 
has a very irregular structure and, since the origin of this “ stratum ” is unknown, its irre­
gularity and its partial transparency to vertically-incident medium-frequency waves compli­
cate extrapolation to obliquely-incident waves. The “ 150 km stratum ” seems, in actual 
fact, to be the real nocturnal E layer [15], This fact is of interest for the physics of the 
nocturnal ionosphere, but probably this layer has no effect on the propagation of obliquely- 
incident medium-frequency waves.

7.2 Field-strength recordings for distances below 300 km

There are much less experimental data for distances below 300 km than for greater 
distances. One reason is the difficulty of obtaining the sky-wave field strength from broadcast

20
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transmitters because, in general, the total field strength includes contributions from both 
the ground wave and the sky wave. Where the ground-wave propagation is poor, 
the sky-wave may be isolated by means of a frame antenna. Results for a ground range 
of 38 km have been obtained [16] by this method and give an average reflection loss of 
about 12 dB at 827 kHz for the period from two hours after sunset to 2200 hours. There 
is, however, an important seasonal variation with stronger reflection in summer.

A method of analysis of total-field recordings has been developed [17], which enables 
the sky-wave term to be derived from the amplitude distribution. With the use of more 
than one receiving point at different ranges (e.g. from 100 to 300 km), the sky-wave field 
strengths can be compared and, taking into account the radiation polar diagram of the 
transmitting antenna, the presence of reflection from E or F regions can be distinguished.

7.3 Field-strength recordings for distances above 3500 km

Recent recordings have drawn attention to some cases of very high field strengths obtained 
at very great distances, over paths such as Cairo-Reunion Island, Monte Carlo-Djibouti, 
Monte Carlo-Brazzaville, Bonaire (Netherlands Antilles)-Limours (near Paris), Bonaire- 
Jurbise (near Brussels); the results for frequencies ranging from 620 to 1466 kHz over distances 
from 4500 to 7500 km show that the hourly median measured field strengths vary with dist­
ance approximately from 25 to 45 dB above the curve extrapolated mathematically for 
distances of from 300 to 3500 km in the European Broadcasting Area.

8. Future work

Future work should deal with several aspects of the question, namely:

8.1 to widen the geographical area in which propagation curves similar to those prepared for 
the European Broadcasting Area could be available and to associate such curves with one 
another, in accordance with various values of some parameters of geographical situation. 
In theory, plans for assigning and sharing medium-frequency channels over very wide areas, 
such as Europe or Australia or the United States of America, can be dealt with independently 
of one another, but there are bound to be problems in adjoining regions in the case of areas 
such as Europe, Africa and Asia; also, comparisons between measurements made at different 
parts of the world might give very useful information about geographical factors affecting 
field-strength curves. After the first measurement campaign mentioned in § 6, the O.I.R.T., 
the E.B.U. and the U.R.T.N.A. have jointly undertaken a new measurement campaign lasting 
for about one year in 1965-1966;

8.2 to expand the range of propagation-path lengths for which most measurements have so 
far been made, both for short distances (below 300 km) and for very long distances (above 
3500 km). One problem with short distances is the difficulty of separating ground-wave 
effects from sky-wave effects, and the curves prepared so far have been based, not on direct 
measurements of the sky-wave field, but on the theoretical deductions from knowledge of 
the coefficient of ionospheric reflection at vertical incidence. However, most reflection data 
coefficients are derived from measurements of vertically-incident waves at a relatively small 
number of stations, and since little work has been done up to now on the critical frequency 
of the E layer at night, it is highly conjectural to extrapolate the vertical-incidence data to 
cover obliquely-incident waves and therefore the short-distance calculation of sky-waves. 
There is therefore a need to develop studies on the critical frequency of the E layer at night 
and on the reflection coefficient of the E and F layers for various incidences of medium- 
frequency and low-frequency waves and, if possible, direct short-distance measurements 
of sky-waves.
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As regards long-distance measurements, they should help towards determining inter 
alia the influence of sunspot activity, and there are appreciable differences between over­
sea paths and over-land paths.

8.3 There is a lack of detailed data on daytime ionospheric propagation between 150 and 1500 kH z; 
this form of propagation may be considerable, particularly in winter months;

8.4 still further statistical studies, based on known data or, even better, on new results, are required 
to reduce the area of uncertainty of predictions based on the curves available at present or 
to reduce the area of uncertainty by better knowledge, either of parameters affecting the 
field or of the correlation between the field and other parameters. Some Administrations 
or authorities are at present undertaking studies of this kind.
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ANNEX I

EXAMPLE OF A COMPLETE CALCULATION OF FIELD STRENGTH

Calculate the probable field strengths that are exceeded during 50% and 10% of the nights 
during a year, under the following conditions:

Length of path: D =  1500 km
Magnetic dip at the mid-point: I  =  66°
Local time at the mid-point of the path: H  =  2130 h
Wolf number: S  =  100
Frequency: /  =  800 kHz
Antenna height: h — 150 m, non-loaded antenna
Radiated power p  =? 100 kW

The successive stages of the calculation are as follows:

Stage Parameters Figures Term calculated
Value

(dB) (|i.V/m)

1 /  =  800 kHz 
D =  1500 km 1 E0 = 33

2 p =  100 kW P =  10 log 100 = 20

3 s  -  100 - 0  02 S = - 2

4 h =  150 m \ ,, _  Q . 
/  =  800 kHz f  _  U 4 2 A A = 1

5 I  = 66° 3 A/ = -1

6 H  =  2130 4 Ah  (50) = - 2

7 Fh  (50) = 49 280

8 II o 5 8h (T) = 6

9 Fh ( T )  = 55 560

It is, of course, assumed here that the factors I, D and H  have been determined in advance. 
In particular, the local time H  at the mid-point of the path is obtained normally from the clock 
time (Greenwich Mean Time, Central European Time, or as appropriate) at the point of reception.
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Distance, D (km)

F ig u r e  2

Gain of vertical transmitting antennae of various lengths as a function, o f the distance from
the point of reception

(The figures on the curves represent values of the parameter hjl)
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Magnetic dip, I  (deg.)
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Correction (Aj) to be applied to take account of the magnetic dip.
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Time at the mid-point of the path (H )
F ig u r e  6

Correction Ah  (50) to be applied to take account o f the time at the mid-point of the path
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Time at the mid-point of the path (H)
F ig u r e  7

Correction Sh ( T) to be applied to take account o f the percentage o f the nights of a year



M
on

th
— 315 — Rep. 264-1

15 16 17 18 19 20 21 22 23 24  01 02 03  04  05 Q6 07

Time at the mid-point of the path (H )
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Sample correction to be applied to take account of the time at the mid-point of the path H  
and of the season of the year

(Frequency: 845 kHz)
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Distance (km)

F ig u r e  9

Hourly median values of the field strength exceeded on 50 % and 10 % o f the nights o f a year at the second hour
after sunset.

(North-south paths; annual mean Zurich sunspot number 180.)
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Hourly median values of the field strength exceeded at 50% of locations on 50% and 10 % of the nights of
a year at the second hour after sunset.

(North-south paths; annual mean Zurich sunspot number 10.)
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Hourly median values of the field strength exceeded on 50 % and 10 % of the nights o f a year at the second hour 
after sunset for 50 % of the locations. The number of the paths investigated was not sufficient to obtain an

accurate prediction over the dashed section.
(East-west paths; annual mean Zurich sunspot number 20.)
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F ig u r e  13

Field-strength variation with time of night and month of the year.
Contours show the hourly median values of the field strength exceeded at 50% of locations on 50% of 
the nights'- of a month, in decibels above the hourly median value of the field strength exceeded at 50 % 
of locations on 50% of the nights of a year (April 1964 - March 1965) at the second hour after sunset. 
The values shown are accurate for quasi-longitudinal transmission on a path of 700 km for transmission 
frequencies in the range 900 kHz to 1100 kHz. Dashed lines show the times of sunset and sunrise.
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Distance (km)

F ig u r e  14

Medium-frequency measurements in Africa (median field strength corrected for 1 MHz, time 2200 hours 
and a transmitting antenna giving, over perfectly conducting ground, 3 X 105 (/V/m at 1 km in all directions 
above the horizon).

  : F„ =  80-2-10 log D-0-0018 D /°-26+A2200 (50)
•  : paths over land,
X : paths over sea from shore-sited transmitter.

Key: (f =  frequency (kHz), I  =  magnetic dip at mid-point,
<Dm =  approximate magnetic bearing of transmitter from mid-point).

N o . / ( k H z ) I  (deg .) <Dm  (deg.) N o . f  (kH z) I  (deg .) <Dm (deg.)

1 1200 8 245 17 818 25 325
2 620 38 335 18 818 20 335
3 818 38 335 19 940 9 105
4
5

809
940

-6 4  
-  4

205
70

20
21

1300 \ 
555 ) -1 6 215

6 728 -15 210 22 1300 x -1 9 2407 665 -63 235 23 555 /
8
9

995
1484

-63
39

0
300

24
25

1300 x 
555 / -21 245

10 940 7 105 26 555 -  7 195
11
12

791
1484

-15
-2 0

190
145

27
28

1300 x 
555 / -2 0 250

13
14

940
1200

-17
1

340
295

29
30

1300 x 
555 / -19 245

15
16

935
935

28
29

10
35

31
32

1300 x 
555 / -3 4 275

21
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R EPO R T 265-1 *

SKY-WAVE PROPAGATION AT FREQ U EN CIES BELOW  150 kHz

(Study Program m e 17A/VI)

(1959 -  1963 -  1966)

1. Introduction

Practical radiocommunication began at low frequencies, and if it were not for the limited 
bandwidth available, as well as for certain practical limitations, which are further discussed 
below, more extensive use would be made today of frequencies below 150 kHz. In this 
frequency range, at distances beyond the distance at which the ground wave becomes too 
weak to be useful (a distance which depends on frequency, time of day, season, and earth 
surface conditions and may lie between 500 to 1500 km), propagation continues between 
the Earth and the lower boundary of the ionosphere to great distances and is characterized 
by good reliability and stability. For a given radiated power, increased field strength is 
obtained with decreasing frequency, down to 10 kHz or so, and the diurnal, seasonal and 
solar-cycle variations become smaller.

Because of the stability of propagation, frequencies in this range are useful not only 
for communications, but more especially for standard frequency and time broadcasts, as 
well as for navigational systems employing pulse or CW phase comparison or direction 
finding techniques. In particular, it has been found that the stability of the transmission 
permits frequency comparison to within a few parts in 1012, which is some four orders of 
magnitude better than is possible at high frequencies, thus making possible long-range 
radio navigation utilizing phase comparison between spaced atomic-controlled or phase- 
locked transmissions. At frequencies above about 100 kHz, where it becomes practicable 
to isolate, in some circumstances, the ground- and sky-wave by pulse techniques, highly 
accurate time systems can be devised [1]. Marine communication makes considerable use 
of low and very low frequencies, which are also useful for point-to-point communications 
at times of severe ionospheric disturbances to HF circuits, since frequencies below 150 kHz 
are not adversely affected [2, 3]. Communications to points under the sea or below the 
ground can be achieved on these frequencies.

The propagation is essentially by way of vertical polarization which at long distances 
is well preserved, and an important limitation, which is partly economic, is the need for 
large transmitting antenna installations and high-power transmitters. Another limiting 
factor is the increasing level of atmospheric noise with decreasing frequency (ionospheric 
noise can also become important at the lowest frequencies especially at high latitudes) and 
thus, apart from the small total bandwidth available in this frequency range, services generally 
use a fairly narrow bandwidth and hence a low communication rate.

* This Report was adopted unanimously.
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2. Research concerning LF propagation

In recent years research has been concentrated on the VLF range and to a lesser extent 
on the LF range. A survey and an extensive bibliography are available [4], covering both 
the theoretical and experimental aspects. A useful survey of the conditions in the lower 
ionosphere governing the propagation of long waves has been published [5]. Propagation 
curves for the VLF range prepared by Wait and other workers [6, 7, 8, 9], will be found 
useful in some practical problems; while propagation data for low frequencies can be found 
in the work of Belrose and his co-workers [10, 11].

Low-frequency pulse transmissions provide a means of measuring signals propagated 
with only a single ionospheric reflection [12]. The pulse measurements may be used to predict 
CW propagation conditions, but the converse is not practicable. Short duration variations 
of the pulse phase, which are not coincident with short duration variations of the pulse 
amplitude, may be indicative of the type of ionospheric conditions which produce the fading 
of higher frequencies. It is sometimes desirable to regard low-frequency propagation in 
terms of waveguide modes especially suitable for describing VLF propagation, but some­
times it is more appropriate to use the alternative and equivalent representation in terms 
of multi-hop reflections between the Earth and the ionosphere, mainly used to describe 
MF and HF propagation.

3. The problem of producing propagation curves

There are many aspects of the propagation which need study before curves can be pre­
pared extending C.C.I.R. curves to cover long-distance propagation below 150 kHz, in parti­
cular, the non-reciprocal effects at VLF (the importance of which has not been established 
at LF) produced by the earth’s magnetic field; the problems introduced by changes in the 
conductivity of the earth’s surface along the path; and the lack of available data for high 
and low latitudes. Propagation over very high latitude paths is especially difficult to treat 
quantitatively, since, not only is the ionosphere different at these latitudes, but the ground 
conductivity can be very low (the conductivity of arctic tundra is 0-5 millimhos/m, and 
the conductivity of the ice of Greenland and Antarctica is probably less by more than an 
order of magnitude). The theory concerning the propagation of LF is now becoming fairly 
well understood [6, 13, 14, 15, 16, 17], but the mathematical complexity is considerable; 
and the results of the various methods have not been intercompared to any great extent. 
Much of the theoretical work has been based on idealized models of the ionosphere. There 
is a need for the intercomparison between LF field-strength measurements and theoretical 
calculations based on lower ionosphere properties measured at the same time.

An informal Working Party (International Working Party VI/5) was established to consider 
the feasibility of producing long-distance sky-wave propagation curves for frequencies below 
about 150 kHz, which predict median values of field strength and phase, as well as standard 
deviations about the median, as a function of distance for a variety of path conditions; 
direction of propagation, earth’s surface, time of day, season, epoch of the solar cycle, and 
latitude. The recommendations of the Working Party were that propagation curves could 
be produced, althouth the task is by no means a simple one, since, due to limitations in both 
quality and quantity of LF field strength and phase data (e.g. as previously mentioned little 
data are available for propagation over high or low latitude paths), it was thought necessary 
to take account of all available sources from which LF propagation results could be derived. 
Accordingly, a threefold attack on the problem was proposed:

— the production of propagation curves based on LF propagation data alone (this is the 
most obvious method);
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— the production of propagation curves based on theoretical computation using available 
ionospheric data obtained independently from ground based measurements at higher 
frequencies and also from in situ rocket measurements;

— the production of propagation curves based on a mathematical model which best explains 
the available LF propagation data.

4. Conclusions

In conclusion, there is much information available which could be summarized and 
more conveniently organized to be practically useful in computing long-wave fields (field 
strengths and phase) over arbitrary transmission paths. There is a particular need for field- 
strength measurements over low and high latitude paths; and for detailed comparison between 
measured and computed field-strengths for reflection from appropriate ionospheric models.

Resolution 13-1 proposes the continuance of the International Working Party of experts 
to study the problems of producing long-distance sky-wave propagation curves (field strength 
and phase).
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REPO R T 266-1 *

FADING O F SIGNALS PROPAGATED BY TH E IO N O SPH ER E

(Study Program m e 16A/VI)

(1953 -  1956 -  1959 -  1963 -  1966)

1. Introduction

Experience has shown that information concerning the mean value of the received 
signal is not sufficient for planning radiocommunication systems. The variations in time, 
space and frequency which occur as random short-period variations, irregular long-period 
variations and more or less regular variations, collectively described as fading, also have to 
be taken into consideration. Fading has a decisive influence on the performance of radio­
communication systems and on the type of modulation that may be used effectively. It is 
essential to know the severity and rapidity of fading to be able to specify the power required 
for transmitters, the necessary protection ratio to guard against interference and, with 
additional knowledge of the correlation of signals at separate antennae or frequencies, the 
most efficient and economical diversity or error-correction coding systems.

2. Causes of fading

Ionospheric fading of received signals is caused by the following effects and in systems 
it is usually important to distinguish between them:

— variations of absorption,

— movement of ionospheric irregularities producing focusing and defocusing,

— changes of path length among component signals propagated via multiple paths or 
multiple modes, and

— changes of polarization involving multiple paths consisting of the ordinary and extra­
ordinary waves for each mode.

The relationship between multipath transmission and selective fading characteristics 
of radio circuits has been graphically demonstrated by several investigators [1, 2, 3, 4]. 
As evidenced by the techniques used in these studies, experimental separation of these effects 
requires special instrumentation and observation. Such work has led to the following conclu­
sions.

Motion of non-uniformly ionized regions of the ionosphere, as well as motion of regular 
layers, produces effective changes of path length and Doppler shifts of frequency on each of the 
individual contributory signal components. The vector addition of these changing signal 
components gives rise to fluctuations of the composite received signal amplitude, observed 
at an antenna, which are functions of space, frequency, and time. Short-period fluctuations 
can arise from interference between components of a single mode and polarization following

This Report was adopted unanimously.
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closely separated paths but, at HF, they are more generally produced by interference between 
separate modes and between the ordinary and extraordinary components of each mode.

Long-period variations of field strength are found to depend upon variations of electron 
density and absorption over extensive ionospheric regions. Such changes exhibit regular 
variations (diurnal, seasonal, etc.) which are modified by superimposed random variations.

Continuing selective and multi-parameter experimental and theoretical studies of both 
long- and short-period fading of radio circuits will contribute to a better understanding 
of both temporal and geographic variations. The data obtained from such studies may 
then be employed as the basis for radio system design and performance analyses.

3. Sampling periods

For the purpose of communication system analyses, it is not always essential to identify 
the individual contributory effects; instead, it is possible to observe the resulting time series 
and characterize the fluctuations of signal levels in time as a random or stochastic process 
[5]. Characterization of the time series requires, first, the selection of an observation period 
T, long enough to include a sufficiently large number of fluctuations of the signal level. If 
this condition is fulfilled it may be found that, in successive periods, the parameters describ­
ing the random process will have changed, i.e. that the process is not “ stationary ” . 
Some compromise in the choice of T  may be necessary in order that the process may be 
regarded as statistically stationary with each sample. The use of an averaging procedure 
may be helpful in enabling a more satisfactory choice of T  to be made. This applies parti­
cularly to analysis of the amplitude distribution discussed in § 4.1. Thus the long-period 
fluctuations may be represented by a mean-value function m{t), and for analysing short- 
period fluctuations, this function may be subtracted from the variable being analysed [6, 7, 8]. 
Subtraction on a logarithmic basis may be advantageous.

Although the selection of the sampling period T  is arbitrary, it has been found to be 
expedient for several applications to carry out the analysis of fading data with samples of 
T  equal to one hour on MF and HF paths. Somewhat shorter periods, between three 
minutes and one hour, may be suitable for HF paths [9,10] and for ionospheric scatter paths.

The general features of diurnal, seasonal, and sunspot variations of the mean value 
function m(t) are characterized over longer periods of time by more or less regular changes 
upon which are superimposed random variations. The variations of the mean value function 
may be treated as a statistical variable and analysed in a manner similar to the short-period 
fading phenomena discussed above. The choice of the sampling period T  for these long- 
period statistical analyses is again arbitrary, but is generally made to suit the objective of 
an analysis. Thus, sampling periods of a month have been used, to estimate the random 
variations of each hourly period in a day and the systematic and random variations which 
occur during the course of the day. Longer sampling periods are needed to examine seasonal, 
annual, or sunspot cycle variations.

4. Severity and rapidity of short-period fading

The terms “ severity ” and “ rapidity ” as used here refer to the characteristics of the 
variations of the received signal amplitude. Severity or depth of fading is measured by the 
amplitude distribution or probability density function. Rapidity describes the second
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order properties of the variations, i.e. the rate of change, and may be expressed in terms 
of a correlation function or power spectrum. Alternatively, simpler measurements, such 
as the number of maxima per second, may often suffice.

4.1 Severity o f fading

The signal amplitude distribution function P(v0) conventionally employed gives the 
probability of finding the signal amplitude v greater than v0. It is related to the probability 
density function p(v) by:

-P(vo) =  JVo/>(v)dv (1)

Here p(v)dv is the fraction of time during the period T, for which the amplitude lies between 
v and v +  dv, while P  (v0) is the fraction of time for which v exceeds v0.

Note. — The signal amplitude distribution function P(y0) is a cumulative type of function, 
but differs from the cumulative function E(v0) used in statistics. The relation between the 
two is given by:

E(v0) -  1 -  P(v0)

It is desirable to examine measured distribution data for similarity to one of the distribution 
laws discussed below. This may provide a convenient method of describing the distribution, 
and may give evidence concerning the mechanism of fading applicable to the sample.

Techniques have been developed for checking whether an observed distribution corresponds 
to a certain model [11] and for measuring the departure of one distribution with respect 
to another [12, 13].

An alternative method of describing the characteristic fluctuations of signal level is 
by the distribution of fade lengths [14]. This type of data presentation is of some interest 
for engineering application, but does not lend itself readily to a transformation to other 
and more conventional representations [15].

Probability density functions, obtained analytically to describe the envelope of a fading 
signal, differ because of the assumptions made with respect to the structure of the contri­
butory signals. Among the most frequently used models is the one which assumes that the 
received signal before detection is composed of a steady sinusoidal component and a random 
Rayleigh component (see equation (3)) with a uniform phase probability density. This 
leads to the Nakagami-Rice probability density function [16, 17, 18]:

p(v) dv =  (2 v/v2rms) exp — [(vx2 +  v2)lv2rms] I0 (2 v1 v/vrms) dv (2)

where:

I o ( x )  =  modified Bessel function of zero order,
v =  received signal envelope voltage,
vx =  voltage amplitude of steady sinusoidal component,
Vrms — r.m.s. value of random voltage component.

Fig. 1 gives the corresponding signal amplitude distribution function P(v0).

If Vi sS vrms, (2) reduces to the Rayleigh density

p(v) dv =  (2 v/v2rms) exp -  (v2/v2rm5) dv (3)

If there is no random component but instead there are two sinusoidal components with 
random relative phase and amplitudes vx and v2, then the probability density function becomes:
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p(y) dv — ^  v dv I  [(2vj v2)2 -  (v2 -  Vx2 -  v22)2] V2 (| vx — v21 <  v <  | v, +  v21) (4)

=  0 for all other values of v.

In addition to the above probability densities, which are bound to certain theoretical 
assumptions (stationary processes, random motion of secondary radiators), there are other 
probability density functions worth considering, because they contain several arbitrary 
parameters to which values may be assigned to fit the measured data.

In this connection, mention may be made of the m-distribution [19], which is similar 
to the x2 and gamma distribution often used in statistics.

Finally, the normal and log-normal probability density functions are worthy of special 
mention. These can be expressed through one formula, as follows:

p  (x) dx =  (1 / J2n  g x )  exp — (x2/2crx2) dx (5)

For the normal distribution, x is to be interpreted as —m, while for the log-normal 
distribution, x is to be interpreted as 20 log (v/vm), where vm is the median value of v.

A comparison between probability density laws and measured statistical data is usually 
made in terms of the distribution function already defined (see equation (1)). The simplest 
method of characterizing empirical distributions is by the order statistics of the signal dis­
tribution which give an indication of the incidence of specified levels. A distribution can, 
for instance, be characterized by stating the levels exceeded for 50%, 99%, 90%, 10% and 
1 % of the time.

The following Table gives these levels for the theoretical distributions discussed earlier
[20].

Distribution
Level relative to median exceeded for the following percentages o f time (dB)

1% 10% 90% 99%

Rayleigh.........................

Nakagami-Rice

Vj =  Vrms...............................

V1 — 3T6 Vrms . . . .  

Log-normal......................

8-22

7-02

3-54

2-326 a*

5-21

4-48 

2-12 

1-282 a*

—8-18

—7-53 

—2-80 

—1-282 a*

—18-39

—17-55

— 5-98

— 2-326 &x

Having discussed some of the mathematical formulae that may be used to describe 
fading, we pass on to some measured results. With short analysis intervals (3 to 7 minutes), 
distribution functions close to the Rayleigh distribution seem to predominate. On the other 
hand, during longer analysis intervals (30 to 60 minutes), the distribution seems to follow 
the log-normal law rather than Rayleigh. The fading range is often defined as the difference 
(in dB) between the signal levels exceeded for 10% and 90% of the time, and values of 
13 ±  3-2 dB [21] and 16 ±  3-2 dB [22] have been given for long-distance HF paths. The value
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not appear to vary greatly with path length in the range 1500-6000 km, with time of day 
or with season [22]. It is of interest to note that, although the form of the measured distri­
butions may differ from the Rayleigh, the observed fading range is of the same order as 
the value of 13-4 dB expected for the Rayleigh distribution. However, at high signal levels 
the fading range has been observed to fall below the Rayleigh value, possibly due to a strong 
constant term arising from a specular reflection, and distributions of the Nakagami-Rice 
type will apply under these conditions.

A topic of some interest is the relation between fading on reciprocal paths with identical 
antennae. In general, non-reciprocal propagation may occur in a medium containing a 
permanent magnetic field. In the case of the ionosphere, correlation between the fading 
of signals is high if one magneto-ionic wave (e.g. ordinary ray) is present, but may be low 
or negative if both waves are present, giving “ polarization ” fading [23, 24]. In theory 
polarization fading is expected to be well correlated, i.e., reciprocal, only for certain geo­
metrical configuration [25]. The results of HF tests have not conclusively shown any systema­
tic differences in long-term averaged path loss in two directions, although differences in short­
term averaged path loss of up to 10 dB have been observed on U.K. — U.S.A. and U.K. 
Australia circuits [26].

4.2 Rapidity o f fading

The rapidity of fading can be characterized in different ways [17, 27, 28, 29]. A nearly 
complete description of fading is given by an auto-correlation function in time or by the 
corresponding power spectrum. The auto-correlation function of a stationary process, 
U = U(t), varying in a random manner with time, is defined by the equation:

R (t) =  Lim (1/2T) J * U(t). U(t+T) d t (6)
r->oo

where U(t) is used here to denote the signal amplitude.

From the above, the power spectrum of the fading process may be calculated by:

roo
G ( f )  =  4  R ( t) .  cos ( 2 tt/ 0  d t (7 )

J o

The relation between G ( f )  and the Fourier spectrum F r ( f )  is given by:

G ( / ) =  Lim (1/7/ FT( f ) .  Ft * ( / )  (8)
T —> 00

where

F t  ( / )  =  f U(t). exp (j 2nft) d t (9)J - T

Hence the frequency spectrum of the fading process may be obtained with the aid 
of the auto-correlation function which is relatively easy to determine. With certain theoret­
ical assumptions (normal distribution of the components of the velocities of the secondary 
radiators), a normal curve is to be expected for the auto-correlation function:

R(t)  =  R  (0) exp -  (t 2/2t o2) (10)
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However, it is questionable whether the assumption for the velocity distribution of the 
secondary radiators is always justified. Therefore, a possibility of other velocity distribu­
tion functions should also be taken into consideration. These other velocity distributions 
would presumably lead to other forms of the auto-correlation function.

Because of the lack of suitable equipment for measuring the auto-correlation function, 
these functions of fading have, hitherto, been determined only on a very limited scale. Other 
more readily obtainable parameters are used for characterising the rapidity of fading. While 
these do not represent as complete a description of fading as auto-correlation functions, 
they nevertheless provide useful information concerning fading rates. There is, first of all, 
the fading rate defined as the number of positive crossings per unit time through any specified 
level.

When the signal fades according to (2), the fading rate through the level v is given by: 

Mv) =  ( J4nfs. v/vrms). exp — [(vj +  v*)/vr2J  I0 (2 vlV/v2rms)  (11)
where

f s =  r.m.s. frequency of fading (defined below).

In the special case of the Rayleigh distribution, we can introduce the median value 
vm obtaining:

N(v) =  2-95 f s (v/vm) exp -  (0-693 vfv%) (12)

where,

if v =  vm, it follows that N(vm) =  1 -47 f s.

This proportionality is also valid, at least approximately, for other amplitude distri­
butions.

The r.m.s. fading frequency f s, which is used in (11) and (12), can also be determined 
from the auto-correlation function. The square of the r.m.s. value of the fading frequency 
is given by:

f ^= f =  J ^ ° / 2 G ( / )  d / G ( / )  d / =  [ l/4  tc3 )?(0)j (d3 /?(t)/c1t3) | (13)

T =  0

The number of maxima, Z, of the received signal envelope amplitude per unit time, 
may also be used as a measure of the fading rapidity. The relationship between Z  and 
fs is given by Z  =  2-52 f s for the Rayleigh distribution. Hence f s may be determined from 
counts of the maxima.

The fading rapidity is closely connected with the derivative of the received signal ampli­
tude. Consequently, a measure of the fading rapidity can also be obtained by electronic 
differentiation of the received signal. The following expression is then defined as the fading 
rapidity:

d /v)
d v

dt (14)

Studies with the help of auto-correlation functions, have been carried out in the United 
States at HF and at 50 MHz (ionospheric scatter) [28], and in the United Kingdom at MF 
and HF [17]. Values of t0 measured in the United Kingdom, on the assumption that the 
auto-correlation function satisfied (10), were between 0-5 and 2-5 s at HF [17, 43]. Some 
auto-correlograms obtained in India show clear quasi-periodic components [30].
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Fading rates through the field-strength level exceeded for 90% of the time, were pri­
marily measured in the Federal Republic of Germany by recording WWV (15 MHz).. The 
fading rates varied between 6 and 16 per min, their mean value being 11-25 per min. Inves­
tigations by means of electronic differentiation of the received signal amplitude were performed 
on the same test link. For 50% of the time, the derivatives were above 3-5 dB/s and for 10% 
of the time above 8-5 dB/s.

HF paths in the tropics may show much more rapid fading than paths confined to 
higher latitudes on a certain proportion of days [30, 31, 32, 33, 34]. This phenomenon is 
associated with equatorial F-scattering (see Report 343) and usually occurs, starting about 
2000 hours local time, for some two to four hours. It is likely to affect transmission paths 
with a reflection point in the F region between magnetic latitudes ±  15°. Seasonal and 
sunspot-cycle variations occur but may differ in nature with the path orientation. Long­
distance paths appear to be affected more at the equinoxes and at sunspot maximum [35]. 
Besides increased fading rates, brief frequency changes of 20 to 30 Hz have been reported 
and the possibility of a lower frequency being affected but not a higher frequency [36]. 
More data is needed before a more exact account of the various fading characteristics can 
be given.

5. Long-period variations

In the case of long-period variations, the random component is analysed by using 
hourly median values of the starting point, and evaluating the amplitude distribution over 
a long period. For simplicity a log-normal distribution of the long-period variations is 
usually assumed, and often gives a good approximation to the actual distribution. A very 
full analysis, carried out in the Federal Republic of Germany [21, 37, 38] on long-period 
variations, showed that distribution curves for a sun-rotation period were closely log-normal 
for 50% of the 28 rotation periods examined; 25% could be split into two log-normal 
distributions, each valid over a different range of field strengths. The remainder could 
only be described in terms of the log-normal distribution if split up into more than two 
ranges.

Results for the spread of long-term variations have been analysed in a number of coun­
tries. Expressed in terms of the standard deviation ax of the log-normal distribution (equation 
(5)), the analyses mentioned above gave an average result of 8 dB, with some indication of 
greater values at night than in the daytime. U.S.S.R. experiments at HF over paths of 
1500, 3000 and 6000 km, for all seasons and times of day, have given values within the range 
5 to 10 dB [22]. Any systematic change with season or between day and night appears rela­
tively small. Results obtained in the United Kingdom for Accra-U.K., Bombay-U.K. and 
Colombo-U.K. paths showed values in the range 5-5 to 7 dB. In certain regions higher 
values may be obtained, e.g. a value of 10 dB may be found for paths crossing polar areas 
with high absorption.

6. Correlation of signals in space, time, frequency and polarization

The study of correlation between two received signals as a function of their separation 
in position, time, frequency or polarization can provide useful information for the design 
of a communication system in the presence of fading. There are two major system parameters 
which are affected by differential fading (as lack of perfect correlation is sometimes called).
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One is diversity reception, which ameliorates the effects of severe fading by combining the 
outputs of several receivers, and the other is distortion, which is caused by selective fading 
across the frequency band used for the transmission of information.

6.1 Space diversity reception

The basic principles of diversity are so well established [39] that no description of them 
is required here. Early investigations of space, polarization and frequency diversity have 
been carried out both in the United States and the United Kingdom prior to 1940. However, 
the mathematical techniques for the investigation of the theoretical and empirical aspects 
of diversity reception have largely been developed since 1947 [27, 40, 41, 42]. This was 
accompanied by the accumulation of substantial experimental data beginning in the early 
1950’s in the United Kingdom and the United States [43, 44, 45].

Based upon a simple, though not completely satisfactory, model of scattering from 
an inhomogeneous and time-varying ionosphere, a spatial correlation function p (d), nor­
malized to unity at d =  0, may be derived to show the dependence of signals at two antennae 
spaced at a distance, d, viz. [43, 46, 47]:

p(d) =  exp [— d2/2 x2] (15)

The parameter x is a function of the structure size of the ionospheric inhomogeneities, 
of the path length, and the frequency. At a separation d = x, the correlation is 0-61 and 
at d = x j 2, it is 0-37. At even the shorter of these distances, experience and theory have 
shown that, for all practical purposes, substantially all the benefits of diversity have already 
been obtained. For example, with two independently fading signals (p =  0), the diversity 
improvement was 14 to 15 dB at the 99-9% reliability level. For p =  0-61, the diversity 
improvement was 13 dB. For this reason, it appears justifiable to identify the distance 
d  =  %J2 as the “ diversity separation distance” or “ correlation distance” .

In the United Kingdom, tests made in the frequency range 6 to 18 MHz over distances 
of 2000 to 17 000 km indicated that the structure size, x, was between 150 and 400 m, implying 
diversity separation distances of 210 to 560 m (10 to 25 X). These findings were confirmed 
by recordings of WWV (15 MHz) made in the Federal Republic of Germany. In addition, 
it was shown that the separation distances required, when specular reflection at the iono­
sphere is predominant, are much greater than when a substantial random component is present. 
Quite frequently, cases were observed where the recordings suggested a pure random compo­
nent, but an examination of the spatial correlation suggested a mixture of weak specular 
reflection and random variations.

e
At HF, the evidence seems to be that the direction of the antenna separation relativn 

to the propagation path has no significant effect on the effectiveness of diversity reception) 
[48,49, 50], although one paper [51] indicates a shorter diversity separation distance (x =  10se 
when the antennae are separated along the propagation path, as compared with the ca d 
when the separation is perpendicular to the path (x =  15 X). Some recent work in the Unite s 
States [45, 52] has demonstrated that, at frequencies above 10 MHz and for path length 
from 1000 to 6000 km, two components (such as the upper and lower magneto-ionic rays 
or reflections from different ionospheric regions) may predominate. The amplitude varia­
tions over the ground then tend towards a “ striped ” pattern with maxima and minima 
along parallel lines. This will produce marked differences of correlation distance along two 
mutually perpendicular base lines and will be accompanied by quasi-sinusoidal fading as 
the relative path lengths change. Under these conditions the minimum correlation distance 
was found to be about 400 m. In general, for most high frequencies over long paths, and 
when random fading predominates, a separation distance of 200 m appears sufficient for 
diversity [48].

In other United States measurements below HF, the average correlation distance at 
540 kHz was 29-4 X ±  17-1 X [53], while at 85 kHz [54], two distinct fading periods were
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observed, one of 7 min and one of 1-5 min. The correlation distance was determined to be 
5 km for 7 min fading and 1 km for the 1-5 min fading.

6.2 Polarization diversity

Polarization diversity in the frequency range 6 to 18 MHz was studied in the United 
States and the United Kingdom. The antennae were at the same location but arranged to 
respond to waves with mutually perpendicular polarization. The result was that the diversity 
action was the same as that obtained with an equivalent space separation of 240 to 480 m [43]. 
Polarization diversity is, therefore, an effective means for improving H F reception under 
fading conditions and is particularly useful where space considerations prohibit setting up 
antenna systems suitable for space diversity.

6.3 Frequency correlation

The effects of fading on signal components separated in frequency and time have only 
had rather preliminary exploration to date [1, 2, 3]. However, much remains to be done 
to establish for frequency correlation, or for correlation in both frequency and time variables, 
the detailed knowledge that exists for space and polarization diversity. Some description 
of work to date in this area may serve to illustrate the type of data needed and the techniques 
which may be employed to obtain them.

Three techniques can be used to study frequency (or time) correlation of signals prop­
agated over ionospheric paths:
— examination of the correlation of sinusoidal signals transmitted simultaneously at two 

or more frequencies [1],
— examination of a wide-band signal on a tapped delay line by means of multiple correlation 

detectors [3],
— examination of a frequency swept pulse over the band of interest, it being clearly under­

stood that the sweep period is to be short compared to the time required for changes 
to take place on the path under study [2].

Studies made using the first two methods described above showed, not too surprisingly, 
several distinctive characteristics of ionospheric propagation. In one case, two distinct 
paths were observed with a time separation of 1-4 ms; in another case, a continuum of 
paths was observed spanning about 2 ms.

In the sweep-frequency technique, a single sweep provides information about the transfer 
function of the circuit at an instant of time. However, no extensive data of this type have 
been published for ionospheric paths.

7. Characterization of channels for modulated signals

The design of signals or choice of modulation to convey information on radio channels 
is necessarily related to the limitations imposed by fading in time, space, and frequency. 
A complete statistical description of a transmission circuit by the methods described is 
essential to an appreciation of the distortions or errors which may occur, and the methods 
(modulation systems, signal processing, diversity, etc.) of minimizing them.

Measuring techniques described above for a single (non-diversity) channel, it may be 
noted, are interrelated, although each emphasizes a different aspect of the same transmission 
path or medium. The choice of a technique for the investigation and characterization of 
a channel will, to a large degree, be dictated by the need to relate the properties of the channel 
to the characteristics of the equipment or system under study.

In recent years there has been a rigorous mathematical development of system theory 
which encompasses the characterization of channels as time-varying filters [55]. Such an 
empirical development for characterization of radio channels requires a more complete
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identification of the total radio-frequency environment than has been possible with the limit­
ations in the design of propagation experiments carried out to date. Although much of 
the theoretical background has been developed by a number of investigators [56, 57, 58], 
who have obtained specific but limited results, much remains to be done to complete the 
statistical description of channels within the framework of the models representing the known 
physical processes which take place in the ionosphere and which have been described above.

VrmJvi (dB)

F ig u r e  1

Distribution function P (v0) for the Nakagami-Rice distribution 
(The values of P (v0) are shown on the curves)
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REPO RT 322

REV ISIO N  O F A TM O SPH ERIC RADIO-NOISE DATA

(1963)

This Report, which replaces Report 65, was adopted by correspondence and has been published 
separately.

REPO RT 340

C.C.I.R. ATLAS O F IO N O SPH ER IC  CHARACTERISTICS

(1966)

This Report, which was adopted unanimously, has been published separately.

REPO RT 341 *

H F PROPAGATION BY DUCTING ABOVE TH E M A X IM U M  OF TH E F-REGION

(Question 5/VI)

(1966)

1. Existence of HF propagation by ducting along field-aligned ionization

High-frequency propagation along ionization irregularities aligned with the earth’s 
magnetic field was suggested by Obayashi [1] in 1959. This phenomenon has been observed 
experimentally both from the ground and with satellite observations.

In the case of ground observations, an explanation of long-delay echoes in HF radar 
was sought in guided propagation with reflection at the magnetic conjugate point [2, 3]. 
However, these results left some doubt as to whether the propagation was really by ducting 
or whether it was ionospheric propagation round the Earth. More recent results have been 
obtained by the measurement of HF propagation time between conjugate areas of France 
and South Africa [4], which seem to confirm the existence of propagation by ducting.

* This Report was adopted unanimously.
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Rocket observations were likewise interpreted in terms of propagation by ducting [5], 
before satellite observations brought more extensive confirmation. References [6, 7] in fact 
explain some long-delay echoes observed by the satellite A l o u e t t e  1 (1962 Alpha-Beta 1) 
as being due to guided propagation, while Calvert [8] was able to do the same for certain 
abnormal traces observed by the satellite E x p l o r e r  20 (1964-51 A .)  Initial studies of the 
spatial and temporal occurrence of this mode of propagation were presented in [9 and 
10] for A l o u e t t e  1 and in [8 ] for E x p l o r e r  20.

The theory of HF guidance by field-aligned ionization irregularities was developed by 
several authors [6, 11, 12, 13]. The requisite conditions for such guidance depend upon 
the size of the irregularity, the gradient of the electron density in the irregularity and upon 
the curvature of the line of force.

2. Importance of HF propagation by ducting

According to the results obtained so far, field-aligned irregularities exist a fair percentage 
of the time at least at medium and low latitudes, with a few per cent increase in electron 
density over the background density and with a half thickness of a few kilometres.

Presently, it is not possible to determine the effect of such structures, but this mode of 
propagation could play a part in limiting the reliability of conventional communication. 
Based on the analyses of the A l o u e t t e  1 data, it appears that HF propagation along field- 
aligned ionization is limited to frequencies usually less than 4 MHz.

Such prospects are sufficient justification for further studies to increase the information 
on this phenomenon. It would be interesting to study this phenomenon using a sweep- 
frequency oblique incidence experiment with terminals located at magnetic conjugate points.
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REPO R T 342 *

RADIO N O ISE W ITH IN  AND ABOVE TH E IO N O SPH ER E

(Question 7/VI)

(1966)
1. Introduction

The noise levels observable at a high-altitude satellite depend upon the variation of 
radiation resistance and the effective angular aperture of the antennae, due to the ionosphere 
surrounding the satellite, as well as upon the variation of noise-power over the sky. The 
effects of the ionosphere must be considered in estimating the true noise level.

2. Cosmic noise

The first successful observations of cosmic noise from an earth satellite were obtained 
with a 3-8 MHz receiver in “ Transit 2A ” (1960 Eta 1) [1] at an altitude of near 1000 km. 
For the observation period, 25-27 June 1960, there was no significant variation in cosmic 
noise from night to day or with latitude in the northern hemisphere. Equivalent linearly 
polarized free-space average noise levels were of the order of 0-7 [W/m, for a noise bandwidth 
of 40 kHz. Noise levels observed over Woomera, Australia, were abnormally high and 
as yet are unexplained.

Cosmic noise has been recorded regularly from the A l o u e t t e  1 satellite (1962 Beta- 
Alpha 1) since October 1962 at near 1000 km altitude in a range from near 1 MHz to 11 MHz. 
It has been found that all regions of the galaxy indicate a curve of apparent brightness tem­
perature versus frequency with slopes —1-3 at 1-5 MHz, —1-7 at 2-3 MHz and 2-2 at 5 MHz 
[2]. It should be noted that A l o u e t t e  1 was not specially designed for these measurements. 
In particular, the response of the antenna matching arrangement necessary for ionospheric 
probes depends very much on the frequency. The influence of these circuits could not be 
eliminated above 5 MHz. The level of natural noise has been measured by rocket experi­
ments carried out by Walsh and others (3] in 1963, at frequencies 0-75 MHz, 1-22 MHz 
and 2-2 MHz up to an altitude of 1690 km, later by Huguenin and others [4] at 0-7 MHz 
and 2 MHz with a rocket which reached an altitude of 11 600 km in the neighbourhood 
of the earth’s equator, and by Alexander and Stone [5] between 1-9 MHz and 4-7 MHz.

Measurements were carried out by Smith and Hugill [6] between 1 and 4 MHz on 
satellite A r ie l  2 (1964-15A) and the methods of data reduction have been discussed 
by Harvey [7].

* This Report was adopted unanimously.
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Other measurements have been made by Benediktov and others [8] between 0-7 and 2-3 
MHz on satellite E l e k t r o n  2 (1964-6B) and E l e k t r o n  4 (1964-38B) whose apogee 
is at 70 000 km, in addition by Slish [9] at 210 kHz and 2200 kHz on the space probe 
S o n d e  2 (1964-78C), up to a distance of 8 earth radii.

The results obtained from these different measurements are summarized in Fig. 1.

3. Solar noise

The analysis of solar radiation shows that the emissions accompanying the eruptions 
and long duration noise storms can reach a level of more than 10- 18 W m - 2 H z-1  in the fre­
quency band from 1 to 10 MHz and correspond to emanations from sources at distances 
varying from 15 to 2 solar radii respectively [10].

4. Noise of terrestrial origin

Interference from terrestrial H F transmitters is received at the satellite, due to break­
through of radio-waves at frequencies above the ionospheric critical frequency. The critical 
frequency can sometimes be lower than 3-8 MHz according to observations in satellite 
transit 2 A [11]. Since the interference is a function of the critical frequency, it is observed 
more often at night and at high latitudes [12]. However, it is also closely related to the dis­
tribution and operation of HF transmitters around the Earth. Information is being accumu­
lated from observations in A l o u e t t e  1, on the relative interference over various parts 
of the Earth.

Huguenin [13] has launched several receivers on frequencies close to the maximum 
critical frequency of the F2 layer, on board a satellites revolving between 300 and 500 km. 
He was able to note how terrestrial emissions passed through the ionosphere in many cases. 
More recently, Horner [14] studied the level produced by terrestrial storms above ionosphere, 
and Rawer [15] has proposed values for terrestrial noise of different origins, as a function 
of frequency and the region under consideration.

5. Ionospheric noise

A  VLF receiver is included in the A l o u e t t e  1 satellite, which is providing regular 
data in the range 400 Hz to 40 kHz. Besides noise bands which do not vary, or vary sporad­
ically with the position of the spacecraft [16], noise bands are received, on occasion, which 
show a systematic variation with position of the spacecraft in the geomagnetic field [17]. 
These observations indicate that these noise bands are generated in the vicinity of the satellite. 
The lower edge of the noise band varies from near 3 kHz to 12 kHz and is being investigated 
as a source of information on mean ionic mass at the height of the satellite [18].

Most of the experiments carried out with rockets and satellites have consisted in the 
measurement of noise levels that are considered to be abnormal, the explanation of which 
is still vague. It seems possible to divide these cases into two categories:
— when the antenna is plunged into the ionospheric plasma and operates at frequencies 

such that infinite indices of refraction exist for certain propagation directions, its opera­
tion can no longer be dealt with theoretically. A very high noise e.m.f. is then recorded, 
antenna impedance being likewise very disturbed [3, 4, 5, 7];

— even when the antenna can be considered to be operating “ normally ” in the medium, 
sporadic emission on frequencies distant from the ionosphere resonance frequencies is 
observed. This seems to be the case for the measurements by Huguenin and others on
0-7 MHz [4], but especially for those by Benediktov and others [8]. These last-mentioned 
authors have observed levels 10 to 20 dB higher than galactic noise, with large variations 
in time and space, at altitudes at which the medium could not appreciably interfere 
with antenna operation. Some of these variations show the same symmetry as the 
geomagnetic field and seem to be correlated with the flux of particles possessing an 
energy of more than 100 eV.
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REPO R T 343

SPECIAL PRO BLEM S O F H F RAD IO CO M M U N ICA TIO N  ASSOCIATED 
W ITH  TH E EQUATORIAL IO N O SPH ER E

(Question 6/VI)

(1966)

1. Introduction

The equatorial ionosphere differs from that at temperate latitudes in three respects:

— the daytime F region is very thick; its peak density may be at a height of 400-500 km; 
it has a very great electron density with a minimum at the magnetic equator and two 
maxima, one on each side.

— the night-time F region often gives “ spread type ” echoes due to an irregular structure;

— a particular type of Es layer, known as the “ q type ” , appears almost regularly during 
the day.

Each of these phenomena causes propagation features peculiar to equatorial HF pro­
pagation.

It should be noted that all the above-mentioned phenomena are controlled by the 
magnetic dip such that they are not “ low-latitude ” but “ low-dip ” phenomena. Though 
the well-known (ionized) layers and rather regular diurnal variations are found, the dip 
equator thus appears as a singularity for HF propagation. Therefore, propagation conditions 
along and transverse to the magnetic dip equator can be largely different. This phenomenon 
is confined to the equatorial area and it has a major influence on the normal diurnal propa­
gation features [1].

The characteristic differences in absorption, reflection heights and critical frequencies 
observed between equatorial and temperate latitudes have been studied by Piggott [2]. 
Some typical propagation problems are discussed in the following.

2. Regular F-layer reflections

The daytime equatorial anomaly is characterized by a shift during the day of the locations 
of the two maxima of the critical frequency to latitudes corresponding approximately to 
magnetic dip values of ±  30°, with a minimum between them near to the magnetic dip equator. 
Also, the height of the F-region increases by at least 100 km in a rather narrow belt round the 
dip equator, say a distance of 10° in latitude. Therefore, steep horizontal gradients of ioniz­
ation exist such that the form of the reflected rays is often asymmetric and deviations from 
great-circle propagation appear systematically for certain hours and directions. By the
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combined influence of the northern and southern gradient, two-hop propagation paths with­
out intermediate ground reflection seems to be possible. Villard et al [3] observed echoes 
on backscatter recordings with a range of 7000 to 10 000 km, which were interpreted in this 
way.

The high electron density and the great height of the ionization peak makes the pro­
pagation conditions very variable, dependent on the site of stations with respect to the dip 
equator and on the direction. Fulton et al [4] and Muldrew and Maliphant [5] have shown 
that one-hop propagation paths in excess of 10 000 km may appear in equatorial regions.

A comparison of the observed classical MUF (JF) and predicted standard M UF (EJF) 
indicates considerable discrepancies. For transmission paths normal to the magnetic dip 
equator, the mean ratio of predicted MUF/classical MUF (EJF/JF) is approximately 0-85. 
For propagation paths parallel to the magnetic dip equator, this mean ratio is approximately
1-04. Oblique soundings show that greater extensions above the observed classical M UF (JF) 
are present on north-south paths than on east-west paths during daylight hours.

Bottomside contours of electron density near the equator have been given by Wright [6] 
on the basis of observations by A.C.l. stations. Vila [7] has published in the form of a latitude/ 
local time diagram, maximum density contours of the F  layer above the African equatorial 
region, for two equinox and solstice periods during a low sunspot period, based on airborne 
sounder observations. Topside contours have been plotted by Lockwood and Nelms [8] 
using the data obtained with topside sounder A l o u e t t e . King [9], also using the Alouette’s 
topside soundings, could show that the anomaly consists mainly in the upper ionosphere, 
in an arc of heavier ionization along a certain magnetic field-line which is transferred to 
higher field-lines in the afternoon.

Various interpretations of the F-region equatorial anomaly have been proposed [7, 
10, 11, 12, 13, 14].

3. Equatorial F-scattering

In the latitudes affected by the equatorial anomaly, the behaviour of the F region be­
comes irregular in the evening, this being reflected in oblique propagation.

This phenomenon, which is generally known as “ equatorial spread-F” , occurs mainly 
in a belt of ±  15° around the magnetic dip equator. It was originally reported by Booker 
and Wells [15], and was subsequently studied by Osborne [16], Bibl [17], Lyon et al [18] 
by means of vertical soundings, and from HF scatter broadcast transmissions [19], by 
Yeh and Villard [20] on a trans-equatorial path, by Humby [21] and Bennington [1] on very 
long-distance links crossing the equatorial region, by Chaman Lal [22] on paths in India, 
by Davies and Barghausen [23] using oblique soundings, by Kent and Koster [24] who 
observed signal flutter from satellites. A survey of the methods of observing this phenomenon 
and of the experimental results was recently made by Clemesha and Wright [25].

There are various ways of studying the effects of equatorial F-scattering:

— examination of the amplitude variations of signals transmitted simultaneously on two 
frequencies;

— spectral frequency studies of the Doppler frequency changes induced by ionospheric 
irregularities;

— oblique soundings;
— vertical soundings;
— topside soundings from satellite.
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The behaviour of the scattering phenomena is described as follows:

— the phenomenon is more pronounced on magnetically quiet days than on disturbed days 
Lyon et al [18]; Davies and Barghausen [23];

— at the minimum of the sunspot cycle it has pronounced maxima in occurrence and 
severity during the equinox periods (60% of the days) and a minimum during the solstice 
periods (10%) [23];

— the height change of the F-layer seems to be correlated with the duration of the scattering 
phenomena;

— the scattering phenomena mostly affect propagation at the lower frequencies;

— the mean commencement time is 20 hours (LMT) and the mean duration is 3 hours;

— the scattering phenomena occur less frequently during the minimum sunspot periods.

Evening scatter offers advantages and disadvantages for radiocommunication. Commu­
nications are possible at frequencies above the predicted standard MUF (EJF). On the 
other hand, scatter may be a source of interference. Long-term observations (one or more 
years) show higher transmission losses during the equinox periods for paths parallel to the 
magnetic dip equator and greater variability in the hourly median values when compared 
to similar paths in middle latitudes.

The equatorial flutter fading associated with F-layer scatter is due to the presence 
and movement of ionospheric irregularities. The phenomenon has been studied by Booker 
and Wells [15] and by Pittaway and Cohen [26]. The structure of these irregularities has been 
studied by means of sounder satellite observations (Calvert [27], Lockwood and Petrie [28]) 
and on the basis of incoherent scatter soundings (Cohen and Bowles [29]). The irregularities 
are thought to be aligned in relatively long thin columns, parallel to the earth’s magnetic 
field, which move from west to east.

During the scattering conditions particular fading characteristics occur for H F trans­
missions [1,17,19, 23, 30, 31, 32]. The fading rate of the amplitude variations of the detected 
carrier envelope on frequencies near 10-1 and 20-2 MHz is approximately 0-7 Hz and OT Hz 
respectively [23]. Consistently, the lower carrier frequency exhibited a fading rate five to 
seven times above that simultaneously observed on the higher frequency.

Spectral frequency analysis [31] of the Doppler shifts induced by ionospheric irregularities 
exhibit frequency changes of the order of 20 to 30 Hz for carrier frequencies of 10-1 and 
20-2 MHz. The average value of the frequency spreading is of the order of 5 to 10 Hz. The 
frequency disturbance is first exhibited on the lower carrier by as much as one half to one 
hour prior to the higher carrier frequency. On magnetically disturbed days little evidence 
of frequency spreading exists. Paths parallel to the magnetic dip equator show less frequency 
spreading than those paths across or perpendicular to it [19].

4. Equatorial (q-type) sporadic-E

In a narrow zone around the magnetic dip equator a special type of sporadic-E appears 
regularly during daylight hours [33]. The width of this zone is about ±  6° in dip or ±  3° 
in latitude, thus very narrow compared with the F-region anomaly. While the q-type ioniza­
tion is observed at almost all daytime hours, it disappears during the night. Type-2 sporadic-E 
is highly transparent and reaches high top-frequencies; values regularly around 10 MHz 
are observed at places near to the dip equator.
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The structural characteristics of equatorial sporadic-E have been described by Bowles 
et al [34] on the basis of observations by the incoherent-scatter sounder of Jicamarca (Peru). 
The ionization of this type of sporadic-E has irregular structure aligned with the magnetic 
field.

It would appear that the origin of these irregularities is associated with the equatorial 
electrojet [35]. A theory about plasma instability phenomena, which could account for 
the formation of the equatorial sporadic-E layer, has been proposed by Farley [36] and by 
Waldteufel [37].

Propagation in the equatorial belt is highly influenced by q-type sporadic-E. The reflec­
tion properties of the q-type depend on the direction of propagation. Side-scatter may also 
appear. Moreover, it seems that a true classical MUF (JF) is not likely to be found for the 
q-type, the reflection coefficient may be expected to decrease with increasing frequency 
until the operational MUF is reached.

Further studies relating to the problems of HF-communications in the equatorial zone 
are highly desirable.
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PR ED IC TIO N  OF SPORADIC-E IN  TEM PERA TE LATITUDES

(Study Program m e 4A/VI)

(1966)
1. Physical understanding of sporadic-E

Understanding the physical processes in the ionosphere, which give rise to temperate 
latitude sporadic-E, is an important first step in the prediction of sporadic-E.

1.1 Structure o f sporadic-E [1]

Many direct measurements by means of rockets are now available which show sporadic-E 
to exist in the form of thin layers with a thickness around 1 km and an electron density 
many times that of the ambient E-region value.

Ground-based VHF measurements indicate that both specular and scatter propagation 
can take place from the EiS layer. Miya [2], for example, has categorized sporadic-E reflec­
tions observed on VHF oblique incidence circuits in the Far East in terms of a parameter T, 
effectively the reflection coefficient (apparent loss in decibels) of the layer, as follows:

r  ^  45 dB: specular reflections from sporadic-E (appears like a layer reflection);
45 dB <  T <  70 dB: scattered reflections from Es;
T >  70 dB: sporadic-E masked by normal D-scatter.

1.2 The cause o f sporadic-E [1]

An attractive explanation for the formation of sporadic-E at temperate latitudes is 
found in the wind-shear theory. According to this theory, an intensification in ionization 
over a very narrow height range can be achieved under appropriate conditions. Many 
attempts have been made to measure the wind vector, as a function of height, simultaneously 
with measurements of the vertical structure of the sporadic-E layer. Agreement of the obser­
vations with the predictions of the simple wind-shear theory have so far been only fair.

2. Forecasts of sporadic-E occurrence

No method currently exists which will forecast the occurrence of a sheet of sporadic-E. 
There are attractive prospects: for example, if a good connection between upper atmosphere 
winds and the occurrence and movement of sporadic-E can be found, then it may be possible 
to predict the occurrence of E* from meteorological observations.
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STUDY G RO U P YI

(Ionospheric propagation)

Terms o f reference:

To study all matters relating to the propagation of radio waves (including noise) through 
the ionosphere, in so far as they concern radiocommunication.

Chairman: Dr. D.K. B ailey  (U.S.A.)
Vice-Chairman: Dr. E.K. Sm ith  (U.S.A.)

In t r o d u c t io n  by  the Ch a irm an , St u d y  G r o u p  VI

1. The concerns of the Study Group

Study Group VI is concerned with the acquisition and application of knowledge of 
ionospheric radio-wave propagation to telecommunication problems. Since the Study 
Group is not directly concerned with telecommunication systems, its main efforts are to 
codify experience and knowledge of the properties of the ionosphere and of background 
radio noise in forms that are as widely applicable as possible with respect to geographical 
position, season, time of day, and solar-terrestrial conditions. In addition, the Study Group 
takes active account of special features of ionospherically propagated radio waves. Finally, 
the Study Group proposes actions intended to foster the gathering of essential ionospheric 
and solar-terrestrial data in order that the basis for the needed predictions associated with 
ionospheric propagation can be maintained and improved.

2. Problems “ already settled ”

The topics indicated under this heading are not finally settled, but codified Reports 
have been prepared with practical users in mind. The information contained in these Reports 
represents the best information upon which the C.C.I.R. can agree at present, but revisions 
will clearly be required from time to time.

2.1 C.C.I.R. Atlas o f ionospheric characteristics

The first edition of this monumental atlas, which makes it possible to predict EJF’s 
(standard M UF’s), is contained in Report 340, to be published separately. It represents 
the culmination of several years of work by an International Working Party of the Study 
Group, under the chairmanship of Dr. W.G. Baker (Australia). The Atlas is also available 
in the form of punched-cards, suited to user organisations having continuing and extensive 
needs of the information in the Atlas, and having access to modern computers. The Atlas 
charts may, however, be used by anyone and are especially suited to the needs of new and 
developing countries. Recommendation 434 endorses the use of the Atlas.
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2.2 Atmospheric radio noise

Report 322, adopted by correspondence after the Xth Plenary Assembly, and pub­
lished separately, makes it possible to estimate the limitations imposed on radiocommuni­
cations by the naturally occurring atmospheric radio noise. These limitations are particu­
larly severe in many tropical regions, and are therefore of particular concern to a number 
of the new and developing countries. This Report and Recommendation 372, endorsing 
it for provisional use, have been maintained. However, a revision of Report 322 will pro­
bably be required within a few years, to take detailed account of such matters as:

— more recent observational material,
— directional characteristics of receiving antennae,
— variation with the solar cycle, especially insofar as long-distance propagation of atmos­

pherics is concerned.

2.3 Predictions o f ionospheric field strength and propagation loss for the frequency range between 
150 and 1500 kHz

Under the Chairmanship of Mr. G. Millington (United Kingdom), a sub-group has 
prepared a revision of Report 264. The revised Report 264-1 represents the combination 
of the efforts of both the E.B.U. and the O.I.R.T. As such it is endorsed for provisional use 
within the European Broadcasting Area by Recommendation 435.

2.4 Predictions o f the LF  and M F sky-wave field strengths for short distances in Africa

As a special service for the African Broadcasting Conference, an International Working 
Party of the Study Group, under the Chairmanship of Mr. J.M. Dixon (Australia), prepared 
a report giving provisional predictions of short-distance sky-wave field strengths at LF 
and MF for equatorial Africa. This report was made available to the conference between 
the Xth and the Xlth Plenary Assemblies of the C.C.I.R., and that action has now been 
endorsed by the Xlth Plenary Assembly in Resolution 31, to which the report is attached as 
an Annex.

2.5 Solar and ionospheric indices for use in connection with ionospheric propagation predictions

There is now general agreement in the C.C.I.R., embodied in Recommendation 371, 
that three indices—two solar, R12 and ®, and one ionospheric, If2, have the greatest relevance 
to ionospheric propagation predictions. Resolution 4-1 requests the Director, C.C.I.R., 
to collect the observational data necessary to determine the indices, and to calculate and 
publish them. The Resolution also calls upon organizations making the basic observations 
to continue to do so and to forward them to the Director, C.C.I.R. The matter of extrapo­
lating the time series represented by the series of values of the indices is usually left to user 
organizations, although the C.C.I.R. Secretariat has made, and will probably continue to 
make, valuable studies of this aspect of prediction.

3. Problems under “  further study ”

It will be evident that the problems “ already settled” , described above, are not really 
so finally settled as to be incapable of further, and quite possibly significant improvement. 
The problems thus remain under continued review.

The Study Group has five International Working Parties that are now continued by 
Resolutions 7-1, 8-1, 10-1,12-1 and 13-1 respectively. I.W.P. VI/2 will undertake a revision 
of Report 322 on atmospheric radio noise, as discussed earlier. I.W.P. VI/3 will eventually 
produce a revised edition of the C.C.I.R. Atlas of ionospheric characteristics, in the first
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instance probably only as replacement punched cards. Later, it is hoped, IWP VI/3 will 
take into account, in a practical manner, the fluctuations about the median values on the 
characteristics, and make some practical provision for Es and Fl-layer predictions.

IWP VI/1, IWP VI/4, and IWP VI/5 still have much to do in the way of further study. 
Their respective terms of reference may be stated as follows:

— to produce a C.C.I.R. method for predicting HF sky-wave field strength or transmission 
loss, for any path, any time, for specified antennae, etc.,

— to produce a C.C.I.R. replacement for the Cairo curves of 1938 for LF and MF broad­
casting that can be used anywhere in the world. As discussed above, partial results 
are available for the European Broadcasting Area, and for short distances in equatorial 
Africa,

— to produce C.C.I.R. propagation curves for frequencies below 150 kHz for world-wide 
use.

4. Problems of interest to new and developing countries

Certain problems under study, in addition to the topics already discussed, are of potential 
interest to new and developing countries.

4.1 Propagation by way o f sporadic-E and other anomalous ionization

Question 4/VI has given rise to two Study Programmes on the subject of sporadic-E 
propagation. The outcome of such studies should be watched carefully by new and deve­
loping countries situated in low magnetic latitudes, where certain regular features of the 
sporadic-E region may offer useful possibilities for radiocommunication at both HF and 
VHF. Report 259-1 should also be noted relative to this problem.

4.2 Special problems o f HF radiocommunication associated with the equatorial ionosphere

Question 6/VI and Report 343, with the above title, raise additional special problems 
associated with the equatorial ionosphere. Further developments in this subject should 
be watched by new and developing countries.

4.3 Improvement in the world-wide ionospheric observing programme for numerical mapping 
purposes

The problems raised by Study Programme 2A/VI, § 1, have special relevance to the 
territories of some new and developing countries, and deserve consideration by these coun­
tries. At the same time, note should be made of Opinion 22, which deals with routine 
ionospheric sounding, and Opinion 23, which is concerned with the continuance in operation 
of certain ionospheric and solar observing programmes, which have already been maintained 
continuously for many years, but which are still required, since the data they provide are 
used in connection with the solar and ionospheric indices adopted by the C.C.I.R.
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O PIN IO N  23

OBSERVATIONS NEEDED TO  PRO V ID E BASIC IN D ICES 

FO R  IO N O SPH E R IC  PRO PA G A TIO N

(1966)

The C.C.I.R.,

CONSIDERING

(a) that the ionospheric index I f 2 is recommended as the index to be used for predicting monthly 
median values of foF2 for dates, certainly up to 6 months, and perhaps up to 12 months 
ahead of the date of the last observed value of I f 2;

(b) that the monthly mean value of solar radio-noise flux at wavelengths near 10 cm <D is recom­
mended as the index to be used for predicting monthly median values of foE and foFl,
for dates, certainly up to 6 months, and perhaps up to 12 months ahead of the date of the
last observed value of <J>;

1. that the following nine long-established ionospheric observing stations be encouraged to 
continue in operation for the production of the index I f2:

2. that the National Research Council, Ottawa, Canada, should be encouraged to continue 
the 10-7 cm solar radio-noise flux-measurements necessary for determination of the index <D.

IS UNANIMOUSLY OF THE OPINION

Canberra
Churchill
College

Delhi
Godley Head 
Huancayo

Slough
Tokyo
Washington *

* Also known as Fort Belvoir.



— 353 — Res. 4-1, Res. 30

D ISSEM INATION O F BASIC IN D ICES FO R  IO N O SPH ER IC  PROPAGATION

(1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that R n , Ifz and <B have been recommended as indices for use in ionospheric propagation 
(see Recommendation 371);

(b) that it is desirable to make available to Administrations the most recent observed and pre­
dicted values of these indices;

RESOLUTION 4-1

UNANIMOUSLY DECIDES

1. that the Director, C.C.I.R., should be requested to make arrangements:
1.1 to obtain the most recent data on sunspot numbers and solar noise-flux at 10 cm wavelength, 

which are necessary for the calculation of i?12 and the monthly-mean value of <E>;
1.2 to obtain the monthly-median values of ionospheric data, which are necessary for the cal­

culation of Ip2;
1.3 to calculate the monthly values of R12, <D, and lp2,
2. that the values of these indices should be published in the “ Telecommunication Journal ” , 

together with any predictions of the indices, and the estimated prediction errors, made 
by those Administrations and organizations which have had special experience in the 
prediction of ionospheric parameters or solar activity;

3. that the organizations which are at present responsible for the basic solar and ionospheric 
data, used in the production of the indices, should be urged to continue to make the 
necessary observations and to forward them to the Director, C.C.I.R.

RESO LU TIO N  30

USE O F TH E ELECTRO N IC CO M PU TER IN  PRED ICTIN G  

BASIC IN D ICES FO R  IO N O SPH ER IC  PROPAGATION

(1966)
The C.C.I.R.,

CONSIDERING

that the use of electronic computers in determining the correlation between the basic indices for 
ionospheric propagation, and to check ionospheric predictions, might improve the accuracy of 
the predictions;

23



Res. 30, Q. 1/VI, Q. 2/VI — 354 —

UNANIMOUSLY DECIDES

that the C.C.I.R. Secretariat should be encouraged to use the I.T.U. electronic computer for the 
calculations required:
— to determine the correlations between basic indices for ionospheric propagation;
— to predict basic indices;
— to check ionospheric predictions in general.

Q U ESTIO N  1/VI *

C H O IC E O F BASIC IN D ICES FO R  IO N O SPH ER IC  PROPAGATION

(1963)
The C.C.I.R.,

CONSIDERING

that Recommendation 371 defines certain indices of solar activity and recommends their use;

u n a n i m o u s l y  d e c id e s  that the following question should be studied:

1. what indices of solar activity can be devised which would be preferable to those recommended;
2. what are the best indices for the prediction of:
2.1 D-layer absorption at HF;
2.2 the D-layer reflection characteristics at MF and lower frequencies?

Q U ESTIO N  2/VI **

GEOGRAPHIC D ISTRIBUTION AND PRO G RA M M E O F REGULAR 

IO N O SPH E R IC  OBSERVATIONS

(1966)
The C.C.I.R.,

CONSIDERING

(a) that the earth is imperfectly covered with ground-based ionosondes from the viewpoint 
of numerical mapping and short-term synoptic studies, which are required for making better 
ionospheric propagation predictions;

* Formerly Question 247(VI).
** Formerly Question 313(VI).
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(b)  that topside sounders can be used  to  overcom e som e aspects o f  the present deficiencies;

(c)  that the regular use o f  ob lique-incidence sounders is increasing;

u na n im o u sly  decides that the fo llow in g  question  should  be studied: 

w hat are the best w orld-w ide ionospheric observing program m es for:

—  long-term  predictions,
—  short-term  syn optic  studies?

STU D Y  PR O G R A M M E 2A/VI *

IM PRO V EM EN T IN  TH E W ORLD-W IDE IO N O SPH ER IC  OBSERVING 
PRO G RA M M E FO R  NUM ERICAL M A PPIN G  PU R PO SES

(1966)
The C.C.I.R.,

CONSIDERING

(a) that the present world-wide network of ground-based ionosondes, operating regularly and 
participating in the world-wide interchange of data, is far from ideal from the viewpoint 
of ionospheric propagation prediction;

(b) that it is possible that topside soundings and regular oblique-incidence ionospheric obser­
vations could be used in ionospheric numerical mapping;

u na n im o u sly  decides that the following studies should be carried out:

1. the identification of geographical areas within which, for both long- and short-term predic­
tions :
— the installation of new fixed ionosondes would provide significant improvement;
— the actual density of fixed ionosondes working on a routine basis appears to be satis­

factory;
2. the practicability of incorporating in the work of numerical mapping ionospheric obser­

vations from:
— topside sounders;
— oblique-incidence sounders; 
when made on a regular basis.

Note. — The Director, C.C.I.R., is requested to transmit this text to the U.R.S.I., the C.I.G. 
and the I.Q.S.Y. Committees for comment.

* Formerly Study Programme 313A(VI).
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SIDE-SCATTER DUE TO  IO N O SPH ER IC  IRREGULARITIES

The C.C.I.R.,

CONSIDERING

(a) that large azimuthal deviations from the great-circle path have frequently been observed 
in radiocommunication;

(b) that these deviations appear to be due to lateral refraction and scattering from ionospheric 
irregularities, for example from field-aligned irregularities, or from strong lateral gradients 
of ionization in one or other of the ionospheric layers;

(c) that such phenomena may possibly be of use in extending the hours available for commu­
nication on certain circuits, provided that the antenna system is suitably designed, and may 
possibly affect the operational M UF (MUF);

u n a n i m o u s l y  d e c id e s  that the following question should be studied:

1. what is the frequency of occurrence of large deviations from the great-circle path in radio­
communications, in various regions of the world;

2. what are the underlying factors controlling such occurrences;
3. whether it is practicable to make use of such phenomena to extend periods available for 

communication, or to increase the operational M UF (MUF);
4. what considerations control the form of polar diagram of antennae intended to take 

advantage of this mode of communication ?

QUESTION 3/VI *

(1965 -  1966)

Q U ESTIO N  4/VI **

PRO PA G A TIO N  BY WAY O F SPORADIC-E AND O TH ER 
ANOM ALOUS IO N IZA TIO N

(1966)
The C.C.I.R.,

CONSIDERING

(a) that sporadic-E propagation may play an important role in HF and VHF radiocommuni­
cations;

* Formerly Question 314(VI).
** Formerly Question 315(VI).



I

(b) that other anomalous ionization in the E and F regions of the ionosphere may also be impor­
tant to radiocommunications as, for example, phenomena associated with auroras and field- 
aligned irregularities of ionization;

(c) that propagation by way of sporadic-E or other anomalous ionization may also be a source 
of interference;

u n a n i m o u s l y  d e c id e s  that the following question should be studied:

1. what are the properties of sporadic-E and other anomalous ionization in the ionosphere 
which affect propagation in ways that are important to radiocommunications;

1.1 can the long-term diurnal, seasonal, and annual variations of these properties be determined;
1.2 can short-term forecasts of these properties be made?

— 357 — Q. 4/VI, S.P. 4A/VI

STU D Y  PR O G R A M M E 4A/VI *

PRED ICTIO N  O F SPORADIC-E

(1966)
The C.C.I.R.,

CONSIDERING

(a) that a major factor in the prediction of ionospheric propagation conditions is the occurrence 
of sporadic-E;

(b) that the routine scaling and statistical analysis of ionosonde observations of sporadic-E, 
while extensive and useful from certain viewpoints, have not led to the development of 
techniques for reliable prediction of sporadic-E, particularly in temperate latitudes;

(c) that fruitful approaches to the short-term prediction of sporadic-E are likely to come through 
improved understanding of the physical mechanism or mechanisms responsible for temperate 
latitude sporadic-E, such as:
— the role of wind-shear perhaps influenced by gravity waves;
— the role of plasma instabilities in the E-region;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried o u t:

1. the physical processes in the ionosphere, which give rise to sporadic-E and which may be 
of importance in predicting its occurrence;

2. methods of predicting the occurrence of sporadic-E in a manner likely to be of assistance 
to radiocommunicators.

Note. — The Director, C.C.I.R., is requested to transmit this text to the U.R.S.I. and the
I.U.G.G. for comment.

* Formerly Study Programme 315A(VI).



S.P. 4B/VI — 358

PROPAGATION BY WAY O F SPORADIC-E 
AND O TH ER  ANOM ALOUS IO N IZA TIO N

(1959 -  1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that data on propagation by sporadic-E and other abnormal ionization obtained from contin­
uous-wave recordings, and fixed frequency pulse measurements at oblique incidence, 
provide statistical data of the type needed by engineers;

(b) that with continuous-wave observations, it is frequently very difficult to separate sporadic-E 
from other anomalous ionization in the E and F regions and from tropospheric propagation 
effects;

(c) that the path configuration plays an important part in those modes of propagation in which 
reflections from field-aligned ionization seem to occur, as for example, auroral-type pheno­
mena ;

(d) that world-wide charts of expected sporadic-E transmission loss at oblique incidence are 
not yet available;

(e) that the conversion of vertical incidence Es data, obtained from ionosondes to oblique 
incidence field-strengths, is difficult to accomplish at present;

u na n im o u sly  decides that the fo llow in g  studies should  be carried out:

1. dependence of the field strength or transmission loss of signals propagated by anomalous 
modes in the ionosphere upon:
— the different modes of propagation;
— the length of the propagation path, transmission frequency, time of day, season and solar 

activity;
— the geographic region;
— ionization aligned along the earth’s magnetic field;
— characteristics of the terminal equipment, such as antenna gains and directivities, receiver 

characteristics and transmitter power;

2. determination of the elevation and azimuthal angles of arrival of the signals propagated 
by the various anomalous modes;

3. comparison, where possible, of the results so obtained with data from ionosondes (for 
example, foEs);

4. preparation of simple world-wide and regional charts of received signal level relative to 
free-space, or of transmission loss, at suitable frequencies for those abnormal modes which 
are found to be significant.

STUDY PROGRAMME 4B/VI *

* This Study Programme replaces Study Programme 195.



— 359 — Q. 5/VI, Q. 6/VI

PRO PA G A TIO N  BY DUCTING ABOVE 
TH E IO N IZA TIO N  M A X IM U M  O F TH E F  REGION

(1966)
The C.C.I.R.,

CONSIDERING

(a) that observations by Alouette satellite indicate that ducting, by field-aligned irregularities, 
is most likely to be observed at low magnetic latitudes (less than 30°);

(b) that similar phenomena may influence the propagation of MF, HF, and VHF waves through 
the ionosphere;

(c) that such propagation may also be capable of causing interference, in particular for satellite
communications;

u n a n i m o u s l y  d e c id e s  that the following question should be studied:

1. what are the forms of the ducts and what is their importance as a function of magnetic
field, time of day, season, and solar and magnetic activity;

2. what is the influence of these ducts on the propagation of both wanted and unwanted MF,
HF or VHF signals in or through the ionosphere;

3. what is, if any, the effect of field-aligned propagation through the ionosphere on communi­
cation between two points on the earth?

Note. — The Director, C.C.I.R. is invited to draw the attention of the U.R.S.I. to this 
Question.

QUESTION 5/VI *

Q U ESTIO N  6/VI **

SPECIA L PRO BLEM S O F H F  RA D IO CO M M U N ICA TIO N  ASSOCIATED W ITH  
TH E EQUATORIAL IO N O SPH E R E

(1963 -  1966)
The C.C.I.R.,

CONSIDERING

that HF communications are known to encounter special propagation conditions in the 
equatorial ionosphere,

* Formerly Question 316(VI).
** This Question replaces Question 248.



u n a n i m o u s l y  d e c id e s  that the following question should be studied:

1. what are the physical phenomena peculiar to ionospheric propagation at or near the magnetic 
equator;

2. what are the effects of these phenomena on radiocommunication as a function of:
— frequency,
— time of day and season,
— level of solar and magnetic activity,
— geographic location, orientation and length of propagation path,
— antennae characteristics,
— class of emission ?

Note. — The Director, C.C.I.R., is requested to transmit this text to the U.R.S.I. for comment, 
drawing particular attention to § 1.

Q. 6/VI, Q. 7/VI — 360 —

QUESTION. 7/VI *

RADIO N O ISE W ITH IN  AND ABOVE TH E  IO N O SPH ER E

(1966)
The C.C.I.R.,

CONSIDERING

(a) that radio noise is an important element in radiocommunications with spacecraft;
(b) that little is known of this noise within and above the ionosphere;

u n a n i m o u s l y  d e c id e s  that the following question should be studied:

1. what are the characteristics of radio noise received in a spacecraft, within or above the iono­
sphere;

2. what are the methods of prediction of this noise level ?

Note 1. — The following sources of noise should be considered:

— galactic and extragalactic noise (cosmic noise),
— solar noise,
— planetary and interplanetary space noise,
— ionospheric noise (noise generated within the ionosphere and magnetosphere),
— noise of terrestrial origin (atmospheric noise and man-made noise).

Note 2. — The Director, C.C.I.R. is invited to draw the attention of the U.R.S.I. to this 
Question.

* Formerly Question 312 (VI).

%
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PR ED IC TIO N  O F SOLAR INDEX

(1956 -  1963)
The C.C.I.R.,

CONSIDERING

(a) that the Sun is the primary cause of many geophysical phenomena, in particular, of the for­
mation of the ionosphere and of most of its variations;

(b) that the gradual waxing and waning of solar activity, with intervals of approximately eleven 
years between maxima, corresponds closely with many slowly varying indices of geophysical 
activity;

(c) that the slowly varying component of solar and geophysical activity can be estimated from 
many solar indices, based on optical and radio measurements, by geomagnetic measurements 
and ionospheric soundings;

(d) that the reliable prediction of such parameters is of the utmost importance to radio propa­
gation work;

(e) that autocorrelation techniques have been studied in various countries;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. predictions by all published autocorrelation, or quasi-autocorrelation, methods should be 
compared with one another and with the results of subsequent observations for recent years; 
these comparisons should be continued on a current basis;

2. more detailed examination of those combinations of autocorrelation, empirical and other 
methods which may yield more accurate predictions.

STUDY PROGRAMME 8A/YI *

R ESO LU TIO N  10-1 

BASIC LONG-TERM  IO N O SPH ER IC  PRED ICTIO N S

(Study Program m e 9A/VI)

(1965 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that the International Working Party VI/3, set up by Resolution 10, has now produced a 
provisional C.C.I.R. atlas (see Recommendation 434, “ C.C.I.R. Atlas of Ionospheric 
Characteristics ” ), representing world-wide ionospheric characteristics, to assist users of 
sky-wave propagation at frequencies above 1-5 MHz;

* This Study Programme, formerly Study Programme 193(VI), does not arise from any Question under
study.



(b) that the detailed content of this atlas can be improved with the acquisition of further iono­
spheric observations;

(c) that further studies are required for future editions;
(d) that improvements in the techniques for applying the material in the atlas can be anticipated;
(e) that useful additional material can be added to the atlas;

UNANIMOUSLY DECIDES

1. that the existing International Working Party VI/3 should continue to function;
2. that the International Working Party should determine, with a view to later editions of 

the C.C.I.R. atlas, and whenever possible in consultation with users, how the atlas may 
be improved;

3. that the International Working Party should devise a practical method for including the 
statistical fluctuations about medians in the monthly predictions;

4. that the International Working Party should develop methods for taking into account in
predictions the effects of sporadic-E and FI layers.

Res. 10-1, S.P. 9A/VI — 362 —

STUDY PR O G R A M M E 9A/VI *

BASIC PR ED IC TIO N  IN FO RM A TIO N  FO R  IO N O SPH ER IC  PROPAGATION

(1953 -  1959 -  1963 -  1966)
The C.C.I.R.,

CONSIDERING

that the production of basic predictions for ionospheric propagation involves problems 
which are not yet fully solved;
that predictions are extensively used by radio propagation services and Administrations; 
that certain significant discrepancies are observed between the predictions and the operational 
results;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out :
a statistical determination in terms of season, solar cycle, and location of the day to day 
variation of both the operational MUF (MUF) and the standard MUF (EJF), so that cor­
rection factors may be introduced in the monthly prediction;
analysis of variations of the differences between operational MUF (MUF) and standard 
MUF (EJF), from hour to hour and from day to day;
the deficiencies of the present methods for predicting oblique-incidence standard MUF 
(EJF) from vertical-incidence data;
the importance of the various ionospheric layers and of modes of propagation for radio­
communications;
the improvements that can be achieved by application of ray tracing techniques and the 
development of new conversion nomograms.

(a)

(b)
(c)

1.

2.

3.

4.

5.

* This Study Programme, which replaces Study Programme 200, does not arise from any Question under
study.



— 363 — S.P. 10A/V1

ID EN TIFICA TIO N  O F PRECU RSO RS INDICATIVE O F SH O RT-TERM  
VARIATIONS O F IO N O SPH ER IC  PRO PA G A TIO N  CO N D ITIO N S 

AND M ETH O D S FO R  DESCRIBING IO N O SPH ER IC  DISTURBANCES 
AND TH E PERFO RM A N CE O F RADIO CIRCUITS

(1953 -  1956 -  1963 -  1966)
The C.C.I.R.,

STUDY PROGRAMME 10A/YI *

CONSIDERING

(a) that it is desirable to have an index, or indices, suitable for short-term forecasts of ionospheric 
disturbances;

(b) that long-term indices for ionospheric propagation are not satisfactory for indicating short­
term variations in the ionosphere;

(c) that ionospheric propagation disturbances may result from either corpuscular or photon 
radiation from the Sun;

(d) that a correlation has been found between short-term variations of ionospheric propagation 
conditions and certain indices of magnetic phenomena and solar eruptions;

(e) that it is desirable to have forecasts of ionospheric disturbances, expressed in terms which 
are at the same time meaningful to operators of ionospheric communication systems, and 
appropriate for use in the subsequent evaluation of the reliability of the forecasts;

(f) that the application of ionospheric disturbance forecasts varies widely with the type of 
radio circuit in question;

(g) that it is desirable that the forecasts issued by different agencies should be expressed in a 
way which facilitates comparison between them;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. the possibility of selecting particular kinds of solar observations or observations of other 
phenomena, such as geomagnetic activity, cosmic rays, dawn chorus, etc., which can be 
made objectively, and which may be usefully employed for short-term predictions of iono­
spheric propagation conditions;

2. the possibility of describing ionospheric disturbances in terms comparable with the 
forecasts;

3. the possibility of establishing a common method for the description of ionospheric distur­
bances, for use in forecasting and verification, taking account of such factors of the distur­
bance as: starting time, areas affected, movement, change of size, duration and magnitude;

4. the possibility of defining indices, which describe the intensity of ionsopheric disturbance 
for each of a series of equal short intervals and which might be combined into an estimate 
of the importance of the disturbance for the whole period;

* This Study Programme, which replaces Study Programme 194, does not arise from any Question under
study.



S.P. 10A/VI, Res. 7-1 — 364 —

5. the relationship between the characteristics of the disturbance, as described by the common 
method (see § 3), and the expected performance of radio circuits of various kinds;

6. the possibility of defining some objective scale of the importance of sudden ionospheric 
disturbances; various methods are known, such as:
— riometer (cosmic-noise absorption) measurements,
— sudden phase changes (on VLF),
— changes of the average field strength of atmospherics (for example, in the frequency band 

20 to 40 kHz).

R ESO LU TIO N  7-1

SKY-WAVE FIELD  STRENGTH AND TRA N SM ISSIO N  LO SS AT FREQUENCIES 
BETW EEN TH E APPRO X IM A TE L IM ITS O F 1-5 AND 40 M H z

(Study Program m e 11 A/VI)

(1956 -  1959 -  1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that the International Working Party VI/1 is planning to produce initially only a provisional 
method of estimating sky-wave field strengths adapted for use by computers of limited 
capacity;

(b) that systematic high-frequency field-strength measurements are now becoming available;
(c) that a more accurate method of estimating sky-wave field strengths is desirable;

UNANIMOUSLY DECIDES

1. that the International Working Party VI/1 should continue to function;

2. that the International Working Party, in addition to a provisional method, should develop
a more accurate method of estimating sky-wave field strengths and transmission loss;

3. that the International Working Party should continue to cooperate with Administrations 
and International Organizations by:
— providing field strength and absorption measurements through the Director, C.C.I.R., 

e.g. in accordance with Report 253-1,
— assisting in making predictions of field strengths for circuits under study by the methods 

of the C.C.I.R. or any other method;

4. that the task of the International Working Party should be conducted by correspondence 
as well as by meetings;

5. that the C.C.I.R. Secretariat should continue to assist the International Working Party, 
for example, by collecting and collating material submitted by Administrations and organiz­
ations and preparing summaries for the International Working Party.



— 365 — S.P. 11A/VI

ESTIM A TIO N  O F SKY-WAVE FIELD  STRENGTH 
AND TRA N SM ISSIO N  LO SS FO R  FREQ U EN CIES 

BETW EEN TH E A PPRO X IM A TE LIM IT S O F 1 5  AND 40 M H z

(1951 -  1953 -  1956 -  1959 -  1963 -  1966)

The C.C.I.R.,

STUDY PROGRAMME 11 A /V I*

CONSIDERING

that present methods of estimating sky-wave field strength and transmission loss are not 
always sufficiently accurate;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. detailed theoretical investigations of long-distance ionospheric propagation;

2. improvement in methods of estimation, taking into account for example, off great-circle 
propagation, ground scatter and the influence, not only of the strength of the magnetic 
field of the Earth, but also of its direction relative to the direction of propagation;

3. improvements in the estimation techniques for paths traversing the equatorial or the auroral 
zone, and for the short paths, up to 800 km, involved in tropical broadcasting;

4. improvements in the estimation of night-time attenuation;

5. statistical comparisons between the calculated and measured values of the field strength 
or transmission loss, taking into account the values of the propagation parameters for the 
period of comparison, as well as the influence of the actual polar diagrams of the antennae;

6. measurements of absorption from both vertical and oblique-incidence pulse transmissions 
on a number of frequencies and from suitable field-strength measurements of CW trans­
mitters ;

7. application of the temporal variations of the absorption of extraterrestrial noise and of 
field strength of signals received from spacecraft.

Note. — In making these studies, reference should be made to Study Programmes 4B/VI, 
12A/VI, 14A/VI and 16A/VI.

* This Study Programme, which replaces Study Programme 198, does not arise from any Question under
study.
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O PIN IO N  22

RO U TIN E IO N O SPH ER IC  SOUNDING

The C.C.I.R.,

(1966)

CONSIDERING

(a) that the routine hourly observations, from the existing ground-based network of vertical 
incidence ionospheric sounding stations, make possible continuous improvements in the 
basic data for long-term ionospheric predictions;

(b) that the efficiency of this network has been considerably improved by the guidance given 
by international scientific committees since 1956, which is likely to be discontinued at the 
end of the I.Q.S.Y.;

(c) that routine observations from topside sounders can also be expected to contribute to the 
improvements of long-term ionospheric predictions;

(d) that the existing ground-based network of ionospheric sounding stations represents a very 
important international effort and, together with the topside sounders, it provides synoptic 
information that will be indispensable in the ultimate development of techniques for pro­
ducing short-term predictions;

(e) that the increasing importance of space research and earth-space communications, will 
require continued collection of the information derived as a matter of routine, together 
with possible increases and changes;

is u n a n i m o u s l y  o f  t h e  o p i n i o n  that Administrations should make every effort:

1. to continue the operation of the existing ionosonde network, and interchange basic data 
through the World Data Centres;

2. to establish new ionosondes at places recommended by the C.C.I.R. in fulfilment of Ques­
tion 2/VI;

3. to support any suitable arrangements which may be made, by an appropriate international 
organization, for providing scientific guidance needed anywhere in the network;

4. to use the topside soundings now available at the World Data Centres for ionospheric 
predictions.

Note. — The Director, C.C.I.R. is invited to draw the attention of the U.R.S.I., I.U.G.G.,
I.C.S.U. and C.O.S.P.A.R. to this Opinion.



— 367 — S.P. 12A/VI

IO N O SPH ER IC  SOUNDING AT OBLIQUE IN CID EN CE

(1965 -  1966)

STUDY PROGRAMME 12A/VI *

The C.C.I.R.,

CONSIDERING

(a) that both fixed-frequency and variable-frequency test transmissions have been made, with 
both experimental and commercial equipment;

(b) that the use of oblique-incidence transmissions as, for example, with oblique-incidence 
sounders, would be of great assistance in the study of many problems of direct concern to 
the C.C.I.R.;

(c) that, in particular, such test transmissions enable separation of propagation into individual 
modes, so that the range of frequencies usable for each mode may be delineated and the 
corresponding field strength, direction of arrival and delay time at the receiver, are measurable;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. the various modes of propagation and their frequency limits, in relationship to:

— standard MUF (EJF) calculations for the respective modes;
— operational M UF (MUF) on circuits operating simultaneously on the same path, 
taking care of any differences in antenna patterns, particularly in vertical patterns;

2. loss compared to free space, or transmission loss of various modes, with a view to explaining 
observed loss on operating circuits;

3. off-great circle modes of propagation by measurements of direction of arrival of the indi­
vidual modes;

4. one-hop Pedersen ray propagation at various distances beyond about 4000 km and in various 
parts of the world, with particular reference to the propagation of waves to very great dis­
tances without intermediate ground-reflection;

5. the effect of Es reflection, F-region spread echoes and abnormal absorption on oblique 
soundings, in polar, temperate and equatorial latitudes;

6. the relation of oblique soundings to vertical-incidence soundings, at appropriate points 
along the transmission path;

* This Study Programme, which replaces Study Programme 209, does not arise from any Question under
study.
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7. other factors which are appropriate to oblique soundings including:
— the nature of fading,
— focusing,
— non-reciprocity,
— magneto-ionic double refraction,
— vertical angle of arrival,
— field-aligned ionization,
— steep horizontal ionization gradients,
— polarization,
— the influence of azimuth on paths near the magnetic equator;

8. methods for anticipating frequency changes by forward extrapolation in time of the results 
of oblique sounding.

ST U D Y  P R O G R A M M E  13A /V I * 

IO N O SPH ERIC-SCA TTER PROPAGATION

(1951 -  1953 -  1956 -  1959 -  1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that many aspects of ionospheric-scatter propagation remain for study, even though fully 
designed communication systems are in regular use, as a result of knowledge gained from 
experimental ionospheric-scatter links;

(b) that several links are available for further experimental work;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out :

1. the dependence of short-term fluctuations and of the diurnal and seasonal variations of the 
hourly median received signal-intensity upon:
— geographical location,
— path orientation,
— solar and geomagnetic activity,
— occurrence of Es ionization,
— meteoric ionization,
— meteorological factors;

2. the characteristics of the received signal, such as multi-path and Doppler-shifted components, 
entailing the development of special modulation techniques to obtain the maximum useful 
bandwidths and information rates;

3. the influence upon the multipath characteristics and the intensity of the received signal o f:
— antenna directivity,
— antenna plane-wave gain,
— antenna orientation,
— path length,
— frequency,
— ionospheric and ground characteristics;

* This Study Programme, which replaces Study Programme 202, does not arise from any Question under
study.
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4. the use of diversity methods to reduce the short-term variations of received signal intensity;

5. methods of reducing to a minimum, e.g. by an appropriate selection of frequencies, the 
interruption to ionospheric-scatter circuits caused, for instance, by polar cap absorption;

6. the problems arising from the occurrence of F-layer reflections, and from the occurrence 
of reflections from sporadic-E layers, with special reference to interference both to and from 
other transmissions.

STUDY PR O G R A M M E 14A/VI *

BACK-SCATTERING

(1951 -  1953 -  1956 -  1959 -  1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that back-scatter phenomena yield direct information at the transmitting station of the 
performance of the frequency used, of the modes of propagation and of the effectiveness 
of various antennae for a given service;

(b) that, nevertheless, because of losses of energy (particularly from the scattering process but 
also from the varying path attenuation), the absence of echoes from a particular range, with 
present techniques and sensitivity, does not necessarily indicate that communication with 
a station at that range is impossible;

(c) that back-scatter phenomena confirm that the operational MUF (MUF) may exceed the 
classical MUF (EJF);

(d) that, nevertheless, if the skip-distance is varying with azimuth, and the beamwidth is more 
than a few degrees, appreciable errors can be made in measurements of skip-distance;

(e) that there are indications that long-distance back-scatter, although coming predominantly 
from the ground, may be received from ionospheric regions, and that, in consequence, 
large errors in measurement may be produced;

(f) that the back-scatter plan position indicator (PPI), is especially suitable for studying the 
movement of Es-clouds;

(g) that back-scatter phenomena can be of assistance in identifying the modes of propagation 
of pulse signals at oblique incidence;

(h) that back-scatter studies have proved useful in investigating certain types of long-range 
propagation previously observed on communication circuits, whereby waves appear to 
travel to great distances without intermediate ground reflections;

(j) that back-scatter observations made at a site containing both transmitter and receiver, can 
be of value in the detection of ionospheric irregularities and measurements of their motions 
over large areas of the ionosphere;

* This Study Programme, which replaces Study Programme 203, does not arise from any Question under
study.
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u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. discrimination between the various back-scatter sources on the ground or in the E-, F- 
and auroral regions;

2. the use of back-scatter technique, at both fixed and sweep frequencies, to supplement the 
information obtained by oblique-incidence pulse transmissions;

3. field-strength measurements, to determine the back-scattering coefficient as a function of 
frequency, the nature of the scattering source and angle of incidence at the scattering source;

4. determination of the incident field at the scattering zone from the back-scatter coefficient, 
as derived from the field-strength measurements made near the transmitting site;

5. investigation by back-scatter technique of the formation and movement of localized areas 
of Es;

6. determination of actual propagation conditions from back-scatter measurements;

7. determination of appropriate antenna characteristics for:
— back-scatter measurements,
— communication circuits, on the basis of back-scatter measurements;

8. investigation, by back-scatter measurements, of unusual types of propagation, such as the 
persistence of long-range echoes (often after the fade-out of the single- and multi-hop echoes);

9. investigation, by back-scatter measurements, of focusing effects and the characteristics of 
ionospheric irregularities, including their relationship to acoustic and gravity waves in the 
ionosphere and their influence on the measurements referred to in §§3 and 4.
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STUDY PR O G R A M M E  15A/VI *

IN TERM ITTEN T CO M M U N ICA TIO N  BY M ETEOR-BURST PROPAGATION

(1959 -  1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that meteor-burst propagation has been demonstrated to be a feasible means of intermittent 
communication in the lower part of the VHF band, over a useful range of distances extending 
from a few hundred kilometres to somewhat more than 2000 km;

(b) that, while experimental systems using this mode of propagation provide propagation data, 
the data thus obtained are not always capable of general application;

* This Study Programme, which replaces Study Programme 196, does not arise from any Question under
study.
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u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. the determination of the statistical parameters of the received signals required for the proper 
design and operation of intermittent communication systems;

2. the dependence of the diurnal and seasonal variation of these signal parameters for given 
system parameters upon;
— geographical location,
— path orientation,
— solar and geomagnetic activity;

3. the influence of the system parameters, such as frequency, gain, directivity and orientation 
of the antennae on the parameters of the received signals;

4. the problems arising from the occurrence of Es reflections and of F-layer reflections, with 
special reference to interference both to and from other transmissions.

STUDY PR O G R A M M E 16A/YI *

FADING O F SIGNALS PROPAGATED BY TH E IO N O SPH ER E

(1966)
The C.C.I.R.,

CONSIDERING

(a) that the practical requirements of radiocommunication necessitate information, not only 
on the median value of the received signal-strength, taken as the available voltage from 
the antenna, but also on:
— the amplitude distribution,
— the rapidity of variations,
— the differential fading with spaced antennae,
— the differential fading with antennae responding to different polarizations,
— the differential amplitude and phase fluctuations at different frequencies within the band­

width of typical transmissions at more widely separated frequencies;

(b) that such information, particularly on the amplitude distribution, is essential to Study 
Groups II, III, IV, X and XII, in assessing the allowances for fading and is also important 
in determining the effects of fading on the quality of reception taking into account the system 
of modulation, the equipment time constants and possible methods of diversity transmission 
or reception:

(c) that temporal variations of signal-strength may, as a first approximation, be divided into 
three types:
— regular and irregular short-period variations assumed in general to result from scattering, 

interference, focusing and changes of polarization, with an apparent period of occa­
sionally as much as several minutes;

* This Study Programme, which replaces Study Programme 148, does not arise from any Question under
study.
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— irregular variations of periodicity which are large compared with the case above (i.e. 
hour-to-hour or day-to-day variations), which may be due to fluctuating absorption or 
to prolonged large-scale focusing, or which may result from variations of arrival angle;

— regular variations with time of day, season and solar activity, to which are added the 
two preceding variations,

(d) that the presence of various modes and paths, which provide the component signals at the 
receiving antenna, significantly affects the time characteristics (pulse response), as well as 
the space and frequency characteristics;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. the distributions of signal-strength values for short-period variations, i.e. the distributions 
within a period of one hour or less;

2. the rapidity of fading expressed, for example, as the time correlation function for the signal-
strength, the equivalent power spectrum or the number of crossings of a given level per
unit time;

3. the distribution of the duration of fades, i.e. of the time intervals during which the signal- 
strength remains below a given level relative to the hourly median;

4. the day-to-day variations of hourly median signal-strengths;

5. the correlation of signal-strength variations;
— at two similar antennae, spaced along or perpendicular to the direction of the transmitter, 

as a function of frequency separation,
— at near-coincident antennae responding to different polarizations, e.g., vertical and 

horizontal,
— at pairs of frequencies, as a function of frequency separation;

6. the extent to which the above statistical results are dependent on such factors as:
— path length,
— the presence of several modes, identified by different time delays and, in general, by 

different vertical or horizontal angles of arrival,
— possible Doppler shifts for each mode,
— frequency or its ratio to the standard MUF (EJF) of the path,
— time of day,
— season,
— solar activity,
— the relation of the propagation path to the direction of the earth’s magnetic field,
— geographical region, particularly auroral zones, middle latitudes and tropical regions, 
bearing in mind that, in some cases, one factor may have an important control over the effect 
of another factor, e.g., the effects of season and of solar activity will probably require separate 
examination for each of the main geographical regions;

7. the nature and relative importance of the mechanisms which produce signal-strength varia­
tions.

Note. — The Director, C.C.I.R. is requested to transmit this text to the U.R.S.I. for comment, 
drawing particular attention to § 7.
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SKY-WAYE PRO PA G A TIO N  AT FREQ U EN CIES 
BETW EEN 150 kH z AND 1500 kH z

(Study Program m e 17A/VI)

(1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that considerable interest exists (see Report 257-1) regarding the use of low- and medium- 
frequency field-strength curves for the various areas of the world;

(b) that, as the results of the work done in the European Broadcasting Area (see Report 264-1), 
in response to Study Programme 17A/VI, do not necessarily apply to low latitudes or to 
middle latitudes in the southern hemisphere or even in other parts of the northern hemisphere;

(c) that, for the determination of the interference zone between the sky-wave and the ground- 
wave it is desirable to have sky-wave propagation curves for distances less than 300 km;

(d) that there is a serious lack of systematic observations of the critical frequency of the 
nocturnal E layer;

RESOLUTION 12-1

UNANIMOUSLY DECIDES

1. that the International Working Party set up by Resolution 12 should continue to function 
and should invite assistance from other Administrations and organizations who are able 
to undertake measurements in the areas referred to in § (b) , and to cooperate in tests made 
over great distances;

2. that the International Working Party should be asked to report to the next meeting of 
Study Group VI on:

— the accuracy with which low- and medium-frequency field strengths can be calculated 
for the various areas of the world and particularly for low latitudes, as a matter of urgency;

— the information needed to achieve such accuracy in the provision of propagation curves 
of sky-wave field strengths for frequencies between 150 kHz and 1500 kHz for these 
areas;

— the results of studies on LF and MF propagation in various geographical areas, including 
the field strength of signals propagated over paths less than 300 km and paths greater 
than 3500 km;

— the usefulness and limitations of presently available propagation data as to suitability 
for the production of propagation curves in the frequency range 150 kHz to 1500 kHz;

— the nocturnal values of foE as a function of geographical location, time and season;
— the effects of polarization coupling loss, as well as absorption loss, with particular emp­

hasis on the equatorial region, including multi-hop transmissions.



Res. 13-1 — 374 —

RESOLUTION 13-1

SKY-WAVE PRO PA G A TIO N  AT FREQ U EN CIES BELOW  150 kHz

(Study Program m e 17A/VI)

(1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that there is a continuing interest in the propagation of low and very low frequencies in 
connection, not only with communications, but more especially with standard-frequency 
and time services, as well as navigational systems employing pulse, phase-comparison or 
direction-finding techniques;

(b) that, although action has been taken to produce long-distance sky-wave propagation curves 
for frequencies between 150 kHz and 1500 kHz (see Resolution 12-1 and Reports 257-1 
and 264-1), there is a need for such curves for frequencies below 150 kHz for distances at 
which the sky-wave predominates, but the information so far available in C.C.I.R. documents 
is not sufficient to serve as a basis for the establishment of such curves;

UNANIMOUSLY DECIDES

1. that, in view of the Report submitted by the International Working Party VI/5 set up under 
Resolution 13 (the findings of which are abstracted in Report 265-1), the International Work­
ing Party should continue this study with increased participation;

2. that those countries which have been working in this field (e.g. Canada, United States 
of America, Federal Republic of Germany, U.S.S.R. and the United Kingdom) and other 
interested Administrations and organizations, should be invited to submit the names of 
their experts as soon as possible to the Chairman, Study Group VI, through the Director, 
C.C.I.R.;

3. that the Chairman of the present International Working Party VI/5 should continue to 
act as Chairman of the expanded International Working Party and will organize the work 
by correspondence;

4. that the International Working Party should invite assistance from other Administrations 
or organizations favourably placed geographically, to extend the available coverage of field 
strength data; e.g., most of the available long radio-wave propagation data have been ob­
tained at middle latitudes, and few data are available for equatorial and high latitudes;

5. that the International Working Party should seek to implement the proposals made in the 
Report of the Chairman of the International Working Party VI/5 and abstracted in Report 
265-1, with regard to the preparation of propagation curves for frequencies below 150 kHz.
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STUDY PROGRAMME 17A/VI *

SKY-WAVE PRO PA G A TIO N  AT FREQ U EN CIES BELOW  1500 kHz

(1951 -  1953 -  1959 -  1963 -  1966)

The C.C.I.R.,

CONSIDERING

(a) that new night-time propagation curves and formulae for the European Broadcasting Area 
are given in Report 264-1;

(b) that, nevertheless, it is not yet possible to supply Administrations and the I.F.R.B. with 
complete answers regarding night-time propagation at frequencies below 1500 kHz, applicable 
to all areas and in particular at low and high latitudes;

(c) that there is an urgent need for guidance to be given to engineers in the planning of medium- 
frequency broadcasting systems in the tropical zone (as defined in Nos. 135 and 136 of the 
Radio Regulations, Geneva, 1959);

(d) that information is needed for daytime propagation at frequencies below 1500 kHz for 
various areas of the world and in particular at low and high latitudes;

(e) that it is known that there are differences in propagation over north-south and east-west 
paths in the medium frequency range in the tropical zone, in particular in areas within 
30° of the magnetic equator;

(f) that it is difficult to integrate with the curves of Report 264-1, the measurements made at 
nearly vertical incidence and the particularly high fields being found on certain very long 
paths;

(g) that there is a continuing interest in the propagation of low and very low frequencies in 
connection, not only with communications, but more especially with standard-frequency 
and time services, as well as navigational systems employing pulse, phase-comparison or 
direction-finding techniques;

(h) that while progress is being made in understanding the characteristics of the ionosphere 
relevant to sky-wave propagation at frequencies below 1500 kHz, the mathematical analysis 
has been confined largely to ideal cases that are not sufficiently representative of practical 
conditions;

(j) that an MF transmitter providing a ground-wave service, with an antenna adapted to give 
sky-wave radiation with elliptical polarization of a suitable form (orthogonal transmission), 
may, through attenuation of the sky-wave, give a substantial reduction of sky-wave inter­
ference to other stations and extend its own night-time ground-wave service area;

(k) that a medium-frequency transmitter, providing a sky-wave service with a vertically polarized 
antenna may, particularly at low latitudes, give a poor service in certain directions, because 
of polarization effects;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

* This Study Programme, which replaces Study Programme 206, does not arise from any Question under
study. It should be brought to the attention o f Study Group X.
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1. the continuation of measurements at vertical and oblique incidence at frequencies below 
1500 kHz, by Administrations and by laboratories having suitable facilities;

2. the determination of the physical conditions in the lower ionosphere responsible for the 
reflection of low and very low frequencies, with particular reference to the possibility of 
reflections occurring simultaneously at more than one height;

3. the dependence of field strength and phase as a function of frequency and distance on a 
variety of path conditions:
— geographical location, with particular attention to transpolar and equatorial paths and 

antipodal regions;
— path orientation, including the influence of the earth’s magnetic field, with special refer­

ence to differences between north-south and east-west propagation and the character­
istic polarization of the ordinary and extraordinary waves in the ionosphere;

— earth conductivity;
— time of day;
— season;
— orientation of the path with respect to the day-night line;
— epoch of the solar cycle;
— disturbance changes, with particular reference to S.I.D.’s, polar cap disturbances, and 

changes associated with geomagnetic and auroral variations and magnetic storms;

4. the development of the mathematical analysis, to apply more closely to general conditions 
of long-distance propagation, in which the ionization, the direction of the earth’s magnetic 
field, and ground conditions (including inhomogeneities and irregularities of terrain), vary 
along the propagation path;

5. the effect of variable propagation conditions along the path, upon the phase and amplitude, 
with special reference to standard-frequency and time services, as well as to navigational 
systems at low- and very-low frequencies;

6. revision and extension of the night-time propagation curves and formulae in Report 
264-1 as further measurements become available, especially for other areas in low and high 
latitudes and for distances less than 300 km and greater than 3500 km;

7. the possibility of establishing curves and formulae for daytime propagation.

STUDY PR O G R A M M E  18A/VI *

YLF PROPAGATION IN  AND TH RO U G H  TH E IO N O SPH ER E

(1959 -  1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that reasonably efficient VLF propagation can frequently be obtained along paths lying 
k a il  approximately along the lines of the earth’s magnetic field and therefore extending far out 

into space, beyond the region of maximum ionization in the ionosphere;

* This Study Programme, which replaces Study Programme 201, does not arise from any Question under
study.



(b) that such propagation depends upon the existence of electrons and ions along the path and 
their behaviour in the earth’s magnetic field;

(c) that the characteristics of an antenna are considerably modified when it is embedded in 
a magneto-ionic medium such as the ionosphere, which can be highly overdense at very 
low frequencies;

(d) that such propagation can, under certain conditions, provide a means of communication, 
but can also produce interference;

(e) that understanding of such VLF propagation is still very imperfect;

— 377 — S.P. 18A/VI, S.P. 19A/VI

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. the potential usefulness of VLF propagation as a means of communication in and through 
the ionosphere;

2. the interference potentialities of VLF signals propagated in and through the ionosphere;

3. the calculation of field-strength or transmission loss for VLF waves for various positions 
of the terminal points of the path relative to the Earth and the ionosphere — e.g. on the 
surface of the Earth and in or above the ionosphere;

4. the impedance and power pattern of various antenna structures (e.g. dipoles and loops) . 
in the ionosphere;

5. the further development of the mathematical analysis.

STUDY PR O G R A M M E 19A/VI *

CHARACTERISTICS OF TH E IO N O SPH ER E AFFECTING SPACE- 
COM M U N ICA TIO N  SYSTEM S

(1-963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that the ionosphere affects the propagation of radio waves at all frequencies transmitted 
through it;

(b) that it may be possible to share parts of the radio-frequency spectrum among terrestrial 
systems, spacecraft-to-spacecraft systems and systems involving communication between 
earth stations and spacecraft;

(c) that uncoordinated frequency sharing, between frequency allocations for sub-ionospheric 
communication services and frequency allocations for spacecraft-to-spacecraft communi­
cation services, cannot yet be accepted, owing to the lack of necessary data on the minimum 
isolation afforded by ionospheric phenomena;

* This Study Programme, which replaces Study Programme 208, does not arise from any Question under
study.



S.P. 19A/VI, Res. 8-1 — 378 —

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. development of methods for measuring and predicting between two given points, as functions 
of frequency and ionospheric and geomagnetic parameters;

1.1 the attenuation, refraction and scintillation of radio waves passing through the ionosphere;

1.2 the relative influences of Doppler and Faraday effects;

1.3 the degree of isolation provided by the ionosphere for frequencies below foF2;

2. the usefulness of a modified antenna diagram, taking account of the effects of refraction and 
attenuation through the whole atmosphere; such a diagram would include the effects of 
both the ionosphere and the troposphere on the passage of the waves from an earth station 
through the atmosphere;

3. the usefulness of the new ionospheric parameter fd, characterizing the effect of refraction 
by the ionosphere on the waves emitted horizontally from an earth station {fd is defined 
as the “ standard MUF ” (EJF) obtained from a vertical-incidence ionogram, not for a given 
distance, but for zero angle of elevation). The propagation conditions are particularly complex 
for frequencies below fd, for which multiple paths with intermediate ionospheric reflections 
can occur.

R ESO LU TIO N  8-1

REVISION O F A TM O SPH ERIC RADIO N O ISE DATA

(1951 -  1956 -  1959 -  1963 -  1966)
The C.C.I.R.,

CONSIDERING

(a) that the information in Report 322 (published separately) requires continual revision;

(b) that improved equipment now in operation should provide a continually increasing amount 
of data available for such revision;

(c) that, before any further revision of Report 322 can be undertaken, there is a need for co­
ordination of these data;

(d) that the new data should make possible further extension of the scope and improvement 
in the accuracy of Report 322;

(e) that man-made radio noise is important in the application of the world charts of atmospheric 
radio noise;

(f) that observations obtained from lightning-flash counters are valuable in the revision of the 
world charts of atmospheric radio noise;

UNANIMOUSLY DECIDES

1. that the International Working Party VI/2 on atmospheric radio noise, designated by the 
Chairman, Study Group VI, should continue to collect data from all sources relevant to 
Report 322;



— 379 — Res. 8-1

2. that material submitted to the International Working Party should be in a form which 
facilitates comparison with Report 322; more specifically, such data should include values 
of mean noise-power and of more detailed short-term characteristics, and should show 
whether:

2.1 the relative noise-intensities at different locations suggest that the noise contours should 
be amended;

2.2 the relative noise-intensities at different frequencies suggest that the frequency curves should 
be amended;

2.3 the ratios of the upper and lower decile values to the median value should be amended;

2.4 the curves of probability distribution of the measured amplitudes approximate closely to 
one of the relevant family of idealized curves presented in Report 322;

3. that the International Working Party should keep the data under continual review and should 
formulate proposals for a further revision of Report 322 when it appears opportune.

4. that the terms of reference of the International Working Party on atmospheric radio noise 
be extended to include studies of man-made radio noise outlined in Study Programme 
21 A/VI;

5. that the International Working Party on atmospheric radio noise should study and make 
recommendations on the items contained in the Annex to this Resolution.

ANNEX

1. The object of lightning-flash counter observations, in so far as they are required for radio­
noise studies, is to determine the number of lightning discharges occurring per unit time 
over unit area of the earth’s surface, in different places and at different times. These 
requirements differ from those for some non-radio applications in which only the ground 
discharge is significant.

Differing experiences in the use of the C.C.I.R. counter have been reported, caused 
either by differences in the counter characteristics, or in the physical layout of the installa­
tion, or in the nature of the meteorological environment. There is some disagreement 
as to the best performance specification of a counter for the required purpose, and the 
best instrumental design for achieving this performance. Also, a uniform method of reporting 
the results for radio-noise purposes is required.

2. As a guide to the programme to be followed by the International Working Party VI/2, the 
following suggestions are offered:

2.1 study the causes of differences in the performance of C.C.I.R. counters in different places 
and under different weather conditions and recommend means for eliminating such differ­
ences ;

2.2 study methods of using data from the counters to improve radio-noise predictions;

2.3 study the question whether the C.C.I.R.-type counter, with or without modifications, is the 
best for synoptic radio-noise studies, and if not, make recommendations for a new design;

2.4 recommend a standard method of reporting the results of synoptic observations;

2.5 keep the W.M.O. informed of the results of these studies, communicate to them any changes 
in the necessary criteria for making satisfactory observations, and encourage their continued 
participation in the observing programme.
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STUDY PROGRAMME 20A/VI *

M EASUREM ENT O F A TM O SPH ER IC  RADIO NO ISE

(1951 -  1953 -  1956 -  1959 -  1963)
The C.C.I.R.,

CONSIDERING

(a) that the atmospheric noise data in Report 322 (published separately) are available for pro­
visional use;

(b) that this Report now contains information on the short-term amplitude probability distri­
bution of noise and on prediction uncertainties, in addition to improved information on 
the noise-power distribution over the world, as received on a short vertical grounded antenna;

(c) that these and other characteristics of the noise are known to be important in determining 
the interference to radio services;

(d) that additional measurements are required for further revision of this Report and to extend 
its scope;

(e) that a knowledge of the distribution of lightning discharges, the power radiated by them 
and the influence of propagation is valuable in estimating the intensity and properties of 
radio noise;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried out:

1. the world distribution of noise power, either directly or by deduction from other character­
istics, with the existing or an augmented network of stations;

2 . the other characteristics of the noise already described in Report 322;
3. the measurements, at stations with suitable facilities, of atmospheric noise on types of

directional antennae in common use for radiocommunication, and the correlation of the 
results with information on the distribution of thunderstorms;

4. the frequency of occurrence of lightning discharges throughout the world:
— by the use of networks of counters designed to record local discharges;
— by the use of direction-finding networks designed to locate thunderstorms at a distance;

5. the intensity and nature of the noise from individual lightning discharges and the influence
of propagation;

6. the distributions, over short periods of time for which the statistics are stationary, of the
durations of noise impulses and of the intervals between them; these distributions should be 
measured as a function of threshold;

7. the study of the power spectrum, or the corresponding autocorrelation function, of the
waveform of the noise envelope;

8. the further development of methods of using statistical data on the characteristics of noise,
in addition to its mean power, for use in assessing the interference to radio services;

9. the relative importance of atmospheric noise, as compared with other types of interference,
as a limiting factor in radiocommunication.

* This Study Programme, formerly Study Programme 199(VI), does not arise from any Question under
study.



— 381 — S.P. 21 A/VI

STUDY PROGRAMME 21 A/VI *

M EASUREM ENT O F M AN-M ADE RADIO NO ISE

(1959)
The C.C.I.R.,

CONSIDERING

(a) that man-made radio noise is frequently the limiting factor in the reception of radio signals 
over a wide frequency range, particularly during daylight hours, when atmospheric noise 
is low;

(b) that the dynamic characteristics, as well as the geographical, time and frequency dependence 
of man-made radio noise are entirely different from those of atmospheric noise;

(c) that information on the relative importance of atmospheric and man-made radio noise is
needed for future revisions of Report 322;

(d) that previous measurements of man-made noise have largely been concentrated on the indi­
vidual sources, the principal objective being the reduction in noise rather than a determina­
tion of the composite effect throughout given areas;

u na n im o u sly  decides that the fo llo w in g  studies should  be carried out:

1. the investigation  o f  the level o f  com posite  m an-m ade radio noise , as a fun ction  o f  geographic  
location , frequency, and tim e o f  day;

2. the investigation  o f  the statistical characteristics o f  com posite  m an-m ade radio noise , as a 
fun ction  o f  the above variables, during short-tim e intervals as w ell as for  day-to-day var ia tio n ;

3. the determ ination o f  the correlation o f  m an-m ade radio-noise levels w ith  p op u lation  density, 
industrial activity, electric pow er consu m ption , and other factors;

4. the determ ination o f  the types o f  m easurem ent m ost significant for the eva lu ation  o f  the inter­
ference potentia l o f  m an-m ade radio no ise  for different types o f  service, for  exam ple, peak, 
quasi-peak, r.m .s. voltage, average envelope voltage, average logarithm , and  probability  
distribution o f  the am plitudes.

* This Study Programme, formerly Study Programme 153(VI), does not arise from any Question under
study.
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PR ED IC TIO N S O F TH E L F AND M F SKY-WAVE FIELD  STRENGTHS 
FO R  SH O R T DISTANCES IN  AFRICA

The C.C.I.R.,

RESOLUTION 31

(1966)

C O N S ID E R IN G

(a) Resolution No. 1 of the Preparatory Meeting of Experts for the African LF/MF Broad­
casting Conference (Geneva, 1964);

(b) Doc. 7 of the African Broadcasting Conference (Geneva, 1964);

U N A N IM O U S L Y  D E C ID E S

1. that the action taken by the Director, ad interim, C.C.I.R. and the Chairman, Study Group VI, 
explained on page 1 of Doc. 7, in presenting to the African Broadcasting Conference the 
Report contained in the Annex, which was prepared by International Working Party VI/4, 
under the chairmanship of Mr. Dixon (Australia), should be endorsed;

2. that the attention of Administrations should be drawn to the Annex, which may be of use, 
for the time being, in predicting LF and M F sky-wave field strengths for short distances 
in Africa.

ANNEX

P R E D IC T IO N S  O F T H E  LF A N D  M F S K Y -W A V E  F IE L D  S T R E N G T H  F O R  A F R IC A

In response to an invitation contained in the Report by the Preparatory Meeting of Experts, 
African LF/M F Broadcasting Conference, Geneva, February, 1964, International Working Party 
VI/4 has prepared the following predictions for the short-distance sky-wave field strength for 
Africa.

Figs. 1 and 2 show the predicted median values of the sky-wave field strength at ground 
level (dB above 1 fxV/m), for an unattenuated field strength of 3 x 105 fxV/m at a distance of 1 km 
from a vertically polarized transmitting antenna, along the appropriate ray for one-hop trans­
mission. Fig. 1 refers to the value predicted two hours after sunset (ground level at the path mid 
point), and Fig. 2 refers to the value at midnight. To correct for the vertical radiation pattern of 
the antenna, the factor Ay4(dB), which is plotted in Fig. 4 (one-hop F) and Fig. 3 (one-hop E), 
as a function of the distance for antennae at various heights, should be added to the value obtained 
from Fig. 1 or Fig. 2. Predictions will then be based on a radiated power of 1 kW from the antenna 
employed, and may be applied in all regions of Central Africa except in the vicinity of the equator 
of magnetic dip, where eastward and westward transmissions, at or near the gyro frequency (1 MHz), 
are attenuated appreciably below the values indicated in Figs. 1 and 2. The order of attenuation, 
below the level predicted for north-south propagation at 900 km,* is as follows:
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Magnetic bearing o f path on or 
near the equator o f magnetic dip

Additional attenuation at or 
near the gyro frequency (dB)

90° ±  12° > 17
270° ±  12°

90° ±  33° ^  11
270° ±  33°

90° ±  45° Xj-A\

270° ±  45°

This influence is also expected to be evident at distances shorter than 300 km. A change of 
frequency, within the range 800 kHz to 1200 kHz, should produce no appreciable reduction in the 
additional attenuation shown above. It should be emphasised that these attenuation values are 
tentative but, nevertheless, they should be used as corrections to Figs. 1 and 2, when considering 
transmission paths in the vicinity of the equator of magnetic dip.

Figs. 1 and 2 deal only with the vertical component of the resultant electric field-strength and 
may be used to calculate the induced voltage in vertical rod antennae, without a further correction 
for the polar diagram of the receiving antenna. When loop antennae are used, the correction 
given in Fig. 5 should be added to the calculated ratio of ground-wave to sky-wave voltage at 
the receiver input, derived from ground-wave curves and the predictions from Figs. 1 to 4. This 
situation is created by the relatively small electric field-strength and relatively large magnetic 
field-strength at ground level at small angles of incidence. The influence of ground reflection on 
the predicted field strength has been calculated for a ground conductivity of 3 mmho/m and a 
dielectric constant of 10.

Several sources of data were used to produce the propagation curves of Figs. 1 and 2. Tests 
at vertical incidence conducted at Tsumeb (latitude 19° 14' S) in South West Africa, provide a 
measure of the effective reflection coefficients for the ionosphere, which are assumed to apply out 
to 80 km for one-hop E transmission. (Mean hourly values of all measurements made at specified 
test frequencies and specified times relative to sunset and sunrise.) These reflection coefficients 
display fairly wide variations from night to night, but in general, the median value for any single 
night is not likely to be more than ±  10 dB from the mean hourly value used. Towards the upper 
limit of distance considered, one-hop E predictions are based on the assumption that, at 400 km, 
the annual mean value of the hourly medians is independent of frequency throughout the LF/M F 
bands, and has a value which is the mean of that predicted at 1000 kHz for the northern hemisphere 
(E.B.U.), and for the southern hemisphere (Australia). Between 80 km and 300 km, these reflection 
coefficients (in dB) are changed linearly to converge on the assumed value at 400 km. When the 
results of oblique-incidence measurements in Africa become available, it may be necessary [to 
correct the predictions, in accordance with a field strength slightly different from that assumed 
at 400 km. Table I has been included in this Report to facilitate such an adjustment. For one-hop F 
transmission, effective reflection coefficients at vertical incidence are considered to apply out to 
240 km and to a first approximation out to 300 km. The lower frequency limit (f min) of vertical 
incidence echoes from the F  layer exceeds the E-layer critical frequency and is probably due to 
the critical frequency of an intermediate layer between the E and F regions. One-hop F propa­
gation curves drawn with long dashes, indicate that this lower frequency limit is usually above 
the frequency associated with each curve.
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0 100 200 300

Distance (km)

F ig u r e  1

Family of propagation curves giving the predicted hourly mean value of the sky-wave field strength for one-hop 
E and one-hop F modes at the second hour after sunset during sunspot maximum, for the indicated frequencies. 

(Second hour after sunset, mean sunspot number 180).
____________ Transmission frequency usually exceeds the E-layer critical frequency.
____________ Transmission frequency is usually less than the minimum frequency for F-layer pro­

pagation.
-------------------One-hop F mode cut-off by the E-layer.
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Distance (km)
F ig u r e  2

Family of propagation curves giving the predicted hourly mean values of the sky-wave field strength for one-hop 
E and one-hop F modes at midnight during sunspot maximum, for the indicated frequencies. (Midnight, mean

sunspot number 180)
-------------------Transmission frequency usually exceeds the E-layer critical frequency.
-------------------Transmission frequency is usually less than the minimum frequency for F-layer pro­

pagation.
-------------------One-hop F mode cut-off by the E-layer.
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Distance (km) 

F ig u r e  3

Correction factor A A, as a function of distance, to convert one-hop E predictions (Figs. 1 and 2) to those for 
a radiated power of 1 kW  from base-fed vertical antennae of various indicated lengths, over a perfectly 

conducting plane earth. Calculations are based on a reflecting layer at a height of 100 km.
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Distance (km)

F ig u r e  4

Correction factor A A, as a function of distance, to convert one-hop F predictions (Figs. 1 and 2) to those for 
a radiated power of 1 kW  from base-fed vertical antennae of various indicated lengths, over a perfectly 

conducting plane earth. Calculations are based on a reflecting layer at a height of 300 km.
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Distance (km)

F ig u r e  5

Correction factor ts.Ar, which should be added to the calculated ratio of ground-wave to mean sky-wave induced 
voltages in loop receiving antennae for one-hop E and one-hop F modes.
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Frequency (kHz)

F ig u r e  6

Percentage of E, F, (E,F) and I  vertical-incidence echoes as a function of the test frequency.
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These predictions should be interpreted on the basis of sporadic-E propagation. The following 
foE values are applicable:

Second hour
after sunset Midnight

(kHz) (kHz)

Sunspot maximum 830 660
Sunspot minimum 620 550

The short dash curves in Figs. 1 and 2 are intended to indicate that transmission via the E- 
region occurs above the mean critical frequency, as shown in Fig. 6. Furthermore, vertical-incidence 
data are available only in a form which does not differentiate between E- reflections, F- reflections, 
or reflections from an intermediate region between the two, referred to as I-reflections. All that 
can be said in this respect is, that for frequencies below the indicated E-region critical frequency, 
transmission usually occurs by way of the E-region, whereas for frequencies above the E-region 
critical frequency, transmission may occur by way of all three regions.

Predictions in Figs. 1 and 2 relate to an average sunspot number of 180. During the sunspot 
minimum period, approximately 1 dB should be added to the one-hop E values at 300 km, but 
vertical-incidence reflection coefficients for the ionosphere during this period are not known.

T a b l e  I

Predicted annual median value of the hourly median 
field strength at 400 km during sunspot maximum

Second hour after sunset 
(dB rel. 1 (tV/m)

Midnight 
(dB rel. 1 txV/m)

E.B.U. (1000 k H z ).................................... 42-5 46-5

Australia (1000 k H z )................................. 49 52

Value assumed for A frica .......................... 45-7 49-2
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VI/1
an/1)

VI/2

VI/3

VI/4

VI/5

VI/6

VI/7

VI/8 
Add. 1 
Corr. 1 
and 2

VI/9

VI/10

VI/11

VI/12

VI/13

LIST OF DOCUMENTS CONCERNING STUDY GROUP VI 

(Period 1963-1966)

Origin Title Reference

United Kingdom Operational ionosphere sounding at oblique S.P. 197
incidence

E.B.U.-O.I.R.T. Ionospheric propagation in the frequency
range between 150 and 1500 kHz in the 
European Broadcasting Area

Rep. 264

C.C.I.R.
Secretariat

LF and MF sky-wave field strength predic­
tions for Africa Report by W.P. VI/4

Canada Solar noise observations at 2800 Mc/s 
(Ottawa-ARO) and 2700 Mc/s (Penticton- 
DRAO)

Res. 4

Canada Adjustments to observations of 10-7 cm solar 
noise to take account of variations in the dis­
tance between the earth and the sun

Res. 4

E.B.U. Propagation by way of sporadic-E and other 
anomalous ionization in the E- and F- 
regions of the ionosphere

S.P. 195

Canada Back-scattering Rep. 261 
S.P. 203

Canada Cosmic noise observed in satellites S.P. 205

Canada Radio measurements of the electronic density Q. 248
of the equatorial ionosphere

Canada Reciprocity and non-reciprocity on high fre- Rep. 249,266
quency ionospheric paths S.P. 197

Chairman,
Working Party VI/3

Basic long-term ionospheric predictions Res. 10

F.S.R. of
Yugoslavia

Propagation by way of sporadic-E and other 
anomalous ionization in the E- and F- 
regions of the ionosphere

S.P. 195, §3

United Kingdom Identification of precursors indicative of
short-term variations of ionospheric pro­
pagation conditions and methods for des­
cribing ionospheric disturbances and the 
performance of radio circuits

S.P. 194
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VI/14

VI/15

VI/16

VI/17

VI/18

VI/19

VI/20

VI/21

Vl/22

VI/23

VI/24

Vl/25

VI/26

VI/27

VI/28

VI/29

VI/30

VI/31

VI/32

VI/33

Doc.

VI/34

United Kingdom

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

Origin

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

Title

Study of fading

Ionospheric effects upon earth-space radio 
propagation

Characteristics of the ionosphere affecting 
space telecommunication systems

Measurement of atmospheric radio-noise

Measurement of man-made radio-noise

Lightning flash counters

High-frequency propagation by ducting 
above the F2-region peak

Special problems of HF radio-communica­
tion associated with the equatorial ionosphere

Whistler mode of propagation

Whistler mode of propagation 

Prediction of solar index

Choice of basic indices for ionospheric pro­
pagation

Identification of precursors indicative of 
short-term variations and evaluation of re­
liability of short-term forecasts of ionospheric 
propagation conditions

Availability and exchange of basic data for 
radio propagation forecasts

Exchange of information for the preparation 
of short-term forecasts and the transmis­
sion of ionospheric disturbance warnings

Pulse transmission tests at oblique incidence

Basic prediction information for ionospheric 
propagation

Back-scattering

Pulse-transmission tests at oblique incidence

Long-distance ionospheric propagation with­
out intermediate ground reflection

Back-scattering

S.P. 148

Rep. 263 
S.P. 204, 205

S.P. 204

Reference

Rep. 254 
S.P. 199

Rep. 258 
S.P. 153

Rep. 254 
S.P. 199

Op. 8

Draft Rep. 

S.P. 201 

Rep. 262 

Rep. 245 

Rep. 246 

Rep. 247

Rep. 248 

Rec. 313

S.P. 197

S.P. 200

S.P. 203 

Rep. 249 

Rep. 250 

Rep. 261
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VI/35

VI/26

VI/37

Vl/38

VI/39

VI/40

VI/41

VI/42

VI/43

VI/44

VI/45

VI/46

VI/47

VI/48

VI/49

VI/50

VI/51

VI/52

Doc.

VI/53

Canada

Origin

United Kingdom 

United Kingdom

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

United States 
of America

C.C.I.R. Secretariat

United States 
of America

United States 
of America

United States 
of America

Title

An FI layer MUF prediction system for 
northern latitudes

Pulse transmission tests at oblique incidence

Long-distance sky-wave propagation at fre­
quencies below 1500 kHz. Effects of pola­
rization on a medium-frequency sky-wave 
service including the case of multi-hop paths

The meaning of MUF, MOF, JF and EJF

Maximum transmission frequencies MUF, 
MOF, JF and EJF

Sky-wave field strength and transmission loss 
at frequencies between the approximate limits 
of 1-5 and 40 MHz

Proposed modifications to Report 252 — 
Estimation of sky-wave field strength and 
transmission loss between the approximate 
limits of 1-5 and 40 MHz

Reconstitution of International Working 
Party on lightning flash counters

Routine ionospheric sounding

Basic long-term ionospheric predictions

Geographical disposition of regular ionos­
pheric observations

Improvement in the world-wide ionospheric 
observing programme

C.C.I.R. Atlas of ionospheric characteristics

Intermittent communication by meteor-burst 
propagation

Prediction of sporadic-E

List of documents issued (VI/1 to .VI/50)

Proposed modification to Report 264. Pre­
dictions of ionospheric field strength or pro­
pagation loss for the frequency range between 
150 and 1500 kHz

Draft Study Programme — Fading of 
signals propagated by the ionosphere

Draft Opinion — Fading of signals pro­
pagated by the ionosphere

Rep. 255 
S.P. 200

S.P. 197

Res. 12 
S.P. 206

Rep. 256

Rec. 373

Res. 7 
S.P. 198

Rep. 252

Rep. 254 
S.P. 199

Res. 5, 6 

Res. 10 

Draft Q. 

Draft S.P. 

Res. 10 

Rep. 251 

Draft Op.

Rep. 264

S.P. 148 

Op. 10

Reference
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VI/54

VI/55

VI/56

VI/57

VI/58

VI/59

VI/60

VI/61

VI/62 
and 
Add. 1

VI/63

VI/64 
and 
Rev. 1

VI/65

VI/66

VI/67

Doc.

VI/68

United States 
of America

Origin Title

Draft Report — Fading of signals propa­
gated by the ionosphere

Rep. 266

Reference

United States Proposed modifications to Resolution 12.
of America Sky-wave propagation for frequencies be­

tween 150 kc/s and 1500 kc/s

Res. 12

Italy

Japan

A limiting factor in the technique of back- Rep. 261
scatter sounding S.P. 203

Sky-wave field strength and transmission Res. 7
loss at frequencies between the approximate S.P. 198
limits of 1-5 and 40 MHz. Measurement of 
HF field strength made at Hiraiso

International 
Working Party VI/4

Report by the Chairman — The accuracy of 
predictions for LF/MF sky-wave field strength

Res. 12

India Proposed modification to S.P. 197(VI) — Rep. 249
Pulse transmission tests at oblique incidence S.P. 197

C.C.I.R. Secretariat Submission of Docs. IV/115(Rev. 1), IV/123 
and IV/146

International 
Working Party VI/2

Report by the Chairman — Revision of Res. 8
world distribution and characteristics of Rep. 322
atmospheric radio noise

International 
Working Party VI/1

Report by the Chairman — Sky-wave field 
strength and transmission loss of frequencies 
between the approximate limits of 1-5 and 
40 MHz

Res. 7

Chairman 
Study Group VI

Interim Report — Ionospheric propagation

Federal Republic Identification of precursors indicative of
of Germany short-term variations of ionospheric pro­

pagation conditions and methods for des­
cribing ionospheric disturbances and the per­
formance of radio circuits

S.P. 194, §§ 1, 2

Federal Republic Propagation by way of sporadic-E and other S.P. 195, § 1
of Germany anomalous ionization in the E- and F-regions

of the ionosphere

Federal Republic Estimation of sky-wave field strength and S.P. 198, §§ 5, 6
of Germany transmission loss for frequencies between

the approximate limits of 1*5 and 40 MHz

Federal Republic 
of Germany

Measurement of atmospheric radio-noise S.P. 199, § 4

Federal Republic Basic prediction information for ionospheric S.P. 200, §§ 2, 3, 5 
of Germany propagation
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VI/69

VI/70

VI/71

VI/72

VI/73

VI/74

VI/75

VI/76

VI/77

VI/78

VI/79

VI/80

Vl/81

VI/82

VI/83

Vl/84

Doc.

VI/85

Federal Republic 
of Germany

Czechoslovak S.R. 

Czechoslovak S.R. 

U.S.S.R.

U.S.S.R.

U.S.S.R.

E.B.U.-O.I.R.T.-
U.R.T.N.A.

International 
Working Party VI/5

Canada

India

India

U.S.S.R.

U.S.S.R.

France

Canada

Sub-Group VI-E 

Sub-Group VI-A

Origin Title

Long-distance sky-wave propagation at fre­
quencies below 1500 kHz

Analytical formulae for radio path determin­
ation

Velocity and density of charged particles in 
the exosphere

Cyclical curves of critical frequencies of the 
F2 ionospheric layer as a basis for foF2 
prediction for all phases of a solar cycle

Computer calculation of operating frequency 
range (MUF and LUF) and field-strength 
(E) of short-wave radiocommunication

Calculations of radio frequencies reflected 
from the Es-layer

Medium wave ionospheric propagation in 
Africa

Report by the Chairman — Long-distance 
sky-wave propagation at frequencies below 
150 kHz

Operational oblique incidence ionospheric 
sounding

Solar corpuscular activity and ionization 
density in the F2 layer of the ionosphere

Characteristics of atmospheric radio-noise

Angle of arrival with azimuthal deviation 
from curvature of great circle

Ionospheric signal fading

Identification of precursors indicative of 
short-term variations and evaluation of the 
reliability of short-term forecasts of ionos­
pheric propagation conditions

The significance of sporadic-E as a propa­
gating medium for transmission distances 
exceeding 2000 km at higher latitudes

Ionospheric sounding stations after the inter­
national geophysical year (IGY)

Revision of Recommendation 313 — Ex­
change of information for the preparation of 
short-term forecasts and the transmission 
of ionospheric disturbance warnings

S.P. 206, § 1

Reference

S.P. 197

S.P. 201

Q. 247, §§ 1, 2 
Rep. 246

Res. 7, § 5.1 
Rep. 252, § 3.2

S.P. 195

S.P. 206

Res. 13

S.P. 197

Q. 247 
Rep. 246 
Rec. 371

Rec. 372
S.P. 199 
Rep. 322 
Res. 8

S.P. 195, 200

S.P. 148

Rep. 247
S.P. 194

S.P. 195, 197 
Doc. VI/49 
1963-1966

I
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VI/86

VI/87

VI/88

VI/89

VI/90

VI/91 
and Rev.

VI/92 
and Rev.

VI/93

VI/94

VI/95

VI/96

VI/97

VI/98

VI/99

VI/100

VI/101

VI/102

Doc.

VI/103

Sub-Group VI-A

Sub-Group VI-A 

Sub-Group VI-B

Study Group VI 

Sub-Group Vl-A 

Sub-Group VI-A
1

Sub-Group VI-A
1

Sub-Group VI-S

Sub-Group VI-A 

Sub-Group Vl-C

Sub-Group VI-C

Sub-Group VI-F

Study Group VI 

Sub-Group VI-A 

C.C.I.R. Secretariat 

Sub-Group VI-A 

Sub-Group VI-A 

Sub-Group VI-A

Origin Title

Draft revision of Resolution 4 — Dissemina­
tion of basic indices for ionospheric pro­
pagation

Revision of Study Programme 194(VI)

Revision of Study Programme 203(VI) — 
Back-scattering

Summary record of the first meeting

Prediction of indices of solar activity

Revision of Report 245 — Prediction of 
solar index

Revision of Report 246 — Choice of basic 
indices for ionospheric propagation

Effects of the ionosphere on radio waves used 
for telecommunication with and between 
spacecraft beyond the lower atmosphere

Choice of basic indices for ionospheric pro­
pagation

Draft Resolution — Sky-wave field strength 
and transmission loss at frequencies between 
the approximate limits of 1-5 and 40 MHz

Estimation of sky-wave field strength and 
transmission loss for frequencies between 
the approximate limits of 1-5 and 40 MHz

Draft revision of Question 248(VI) — Special 
problems of radiocommunication associated 
with the equatorial ionosphere

Summary record of the second meeting

Study Programme 193 (VI)

List of documents issued (VI/51 to Vl/100)

Opinion 6

Recommendation 371

Proposed revision of Report 247 — Identi­
fication of precursors indicative of short­
term variations and evaluation of the relia­
bility of short-term forecasts of ionospheric 
propagation conditions

Reference

Op. 7

Op. 9

Q. 247

S.P. 198
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VI/104 Sub-Group VI-A

VI/105 Sub-Group VI-B

VI/106 Sub-Group VI-H

VI/107 Sub-Group VI-H

VI/108 Sub-Group VI-D

VI/109 Sub-Group VI-S

VI/110 Sub-Group Vl-S

VI/111 Sub-Group VI-G

VI/112 Sub-Group VI-S

VI/113 Sub-Group VI-F

VI/114 Sub-Group VI-F
and Rev. 1

VI/115 Sub-Group VI-F

VI/116 Sub-Group VI-E

VI/117 Sub-Group VI-E
and Rev. 1

VI/118 Sub-Group VI-B
and
Corr. 1

VI/119 Sub-Group VI-G

VI/120 Sub-Group VI-E

Doc. Origin

VI/121 Sub-Group VI-B

Revision of Report 248 — Availability and 
exchange of basic data for radio propaga­
tion forecasts

Revision of Report 261 — Back-scattering

Draft Study Programme — Fading of signals 
propagated by the ionosphere at frequencies 
below 30 MHz

Opinion 10 — Fading of signals propagated 
by the ionosphere

Recommendation of the Sub-Group S.P. 153, 199
Rep. 258, 322 
Rec. 372 
Res. 9

Draft Question — Radio noise within and 
above the ionosphere

Revision of Study Programme 204(VI) —
Characteristics of the ionosphere affecting 
space telecommunication systems

Draft Report — Long distance sky-wave pro­
pagation at frequencies below 150 kHz

Consideration of Doc. VI/60 and attach­
ments (Docs. IV/115, IV/123, IV/146)

Proposed revision of Study Programme 196 
(VI) — Intermittent communication by 
meteor-burst propagation

Proposed revision of Study Programme 202 
(VI) — Ionospheric-scatter propagation

Revision of Report 251 — Intermittent com­
munication by meteor-burst propagation

Draft Recommendation — C.C.I.R. Atlas 
of ionospheric characteristics

Draft Report — The meaning of MUF, JF,
EJF and MOF

Proposed revision of Report 255 — Basic 
prediction information for ionospheric pro­
pagation

Draft Study Programme — Very low fre­
quency propagation in and through the 
ionosphere

Draft Question — Geographic distribution 
and programme of regular ionospheric obser­
vations

Draft Question — Side scatter due to ionos­
pheric irregularities

Title Reference
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VI/122

VI/123

VI/124 
and Rev. 1

VI/125

VI/126

VI/127

VI/128

VI/129

VI/130

VI/131

VI/132

VI/133

Vl/134

VI/135

VI/136

Doc.

VI/137

Joint Sub-Group 
VI-B/VI-E

Sub-Group VI-E

Sub-Group VI-E 

Sub-Group VI-E 

Sub-Group VI-D 

Sub-Group VI-D 

Sub-Group VI-D

Sub-Group VI-F 

Sub-Group VI-E

Sub-Group Vl-G 

Sub-Group VI-C

Sub-Group VI-C

Sub-Group VI-H 

Sub-Grouo VI-F 

Sub-Group VI-F

Origin

Sub-Group VI-F

Title

Draft Recommendation — Maximum trans­
mission frequencies MUF, MOF, JF and 
EJF

Draft Study Programme — Improvement in 
the world-wide ionospheric observing pro­
gramme for numerical mapping purposes

Draft Opinion — Routine ionospheric 
sounding

Draft Resolution — Basic long-term ionos­
pheric predictions

Draft revision of Resolution 8 — Revision of 
atmospheric radio-noise data

Draft revision of Report 254 — Measure­
ment of atmospheric radio-noise

Comments by Sub-Group VI-D on Report 
322 to be transmitted to the Chairman of 
International Working Group VI/2 on atmo­
spheric radio-noise

Proposed modifications to Report 260 — 
Ionospheric-scatter propagation

Proposed action on Resolution 11 — Basic 
prediction information for ionospheric pro­
pagation

Draft Report — VLF propagation in and 
through the ionosphere

Revision of Report 253 — Systematic meas­
urements of sky-wave field strength and 
transmission loss at frequencies between the 
approximate limits of 1-5 and 40 MHz

Revision of Report 252 — Estimation of sky- 
wave field strength and transmission loss 
between the approximate limits of 1-5 and 
40 MHz

Draft revision of Report 266 — Fading of 
signals propagated by the ionosphere

Draft Question — Propagation by way of 
sporadic-E and other anomalous ionization

Draft Study Programme — Propagation by 
way of sporadic-E and other anomalous 
ionization

Draft Study Programme — Prediction of 
sporadic-E

Reference

S.P. 200

S.P. 198
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Vl/138

VI/139

VI/140

VI/141

VI/142

VI/143

VI/144

VI/145

VI/146

VI/147

VI/148

VI/149

VI/150

VI/151

VI/152

VI/153

Doc.

VI/154

26

Sub-Group VI-F Draft revision of Opinion 8 — Draft Ques- —
tion — Propagation by ducting in the top­
side ionosphere

Sub-Group VI-F Draft Report — High frequency propagation Op. 8
by ducting above the F2 region peak

Study Group VI Summary record of the third meeting

Sub-Group VI-S Draft Report — Ionospheric effects upon S.P. 204, 205
earth-space radio propagation

Sub-Group VI-S Draft Report — Radio noise within and
above the ionosphere

Sub-Group VI-G Draft Resolution — Sky-wave propagation S.P. 206
at frequencies below 150 kHz

Sub-Group VI-G Proposed revisions to Resolution 12 — S.P. 206
Long-distance sky-wave propagation for fre­
quencies between 150 and 1500 kHz

Sub-Group VI-B Draft revision of Study Programme 200(VI)
— Basic prediction information for ionos­
pheric propagation

Sub-Group VI-B Proposed revision of Report 250 — Long­
distance ionospheric propagation without 
intermediate ground reflection

Sub-Group VI-B Revision of Study Programme 197(VI) —
Ionospheric sounding at oblique incidence

Sub-Group VI-B Revision of Report 249 — Ionospheric sound­
ing at oblique incidence

Sub-Group VI-G Draft revision of Report 264 — Predictions S.P. 206
of ionospheric field strength and propagation 
loss for the frequency range between 150 and 
1500 kHz

C.C.I.R. Secretariat List of documents issued (VI/101 to VI/150)

Origin Title Reference

Sub-Groups VI-B, 
Vl-C, VI-G

Sub-Group Vl-G

Sub-Group VI-F

Sub-Group VI-F

Draft Report — Questions submitted by the 
I.F.R.B.

Proposed modifications to Study Programme 
206(VI) — Long-distance sky-wave propa­
gation at frequencies below 1500 kHz

Draft Report — Special problems of HF 
. radiocommunication associated with the 

equatorial ionosphere

Proposed action on Opinion 8 — High fre­
quency propagation by ducting above the F2 
region peak I
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VI/155 Study Group VI

VI/156 Sub-Group VI-E

VI/157 Sub-Group VI-S

VI/158 Sub-Group VI-F

VI/159 Sub-Group VI-G

VI/160 Study Group VI

VI/161 Study Group VI

VI/162 Study Group VI

VI/163 C.C.I.R. Secretariat

VI/164 C.C.I.R. Secretariat

VI/165 Australia

Vl/166 Australia

VI/167 Working Party VI/3
and
Corr. 1

VI/168 United Kingdom

VI/169 Japan
and Corr. 1

VI/170 France
(TV/224)
(V/104)

VI/171 France

VI/172 France

VI/173 Canada

Doc. Origin Title

Summary record of the fourth meeting

Proposed deletion of Resolutions 5 and 6

Proposed deletion of Study Programme 
205(VI)

Draft revision of Report 259

Draft Recommendation — Broadcasting on 
hectometric and kilometric waves in the 
European Broadcasting Area

Summary record of the fifth meeting

Summary record of the sixth meeting

Summary record of the seventh and last 
meeting

List of participants

List of documents issued (VI/151 to VI/164)

Draft Study Programme (VI) — The absorp­
tion of medium frequency sky-waves by close 
coupling to the extraordinary mode

The absorption of medium frequency sky- 
waves by close coupling to the extraordinary 
mode

Report by the Chairman of Working Party 
VI/3 — Basic long-term ionospheric pre­
dictions

VLF propagation in and through the ionos­
phere

Estimation of sporadic-E signal strength

Proposed revision of Question 288(IV) — 
Frequency utilization above the ionosphere 
and on the far side of the Moon

Proposed additions to Draft Report G.2.aa 
(VI) — Radio noise within and above the 
ionosphere

Draft amendment to Draft Report G.2.h(VI)
— Availability and exchange of basic data 
for radio propagation forecasts

Proposed revision of Draft Report G.2.j(VI)
— Long-distance ionospheric propagation 
without intermediate ground reflection

Reference

Draft S.P.

Draft S.P.

Res. 10

Draft Rep. G.2.u 

Draft S.P. G.2.ae 

Q. 288(1V)

Draft Rep. G.2.aa

Draft Rep. G.2.h

Draft Rep. G.2.j
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VI/175

VI/176

VI/177

VI/178

VI/179

VI/180

VI/181

VI/182

VI/183 
and 
Add. 1

VI/184

VI/185

Vl/186

VI/187

VI/174

Origin Title Reference

O.I.R.T. Replacement of the Cairo (1938) curves by Draft Rep. G.2.W
more accurate curves based on further study Draft S.P. G.2.al
of ionospheric propagation of MW and LW Draft Res. G.2.as

India A formula for planetary F2 layer ionization Q. 247 
Draft Rep. G.2.f 

Rec. 371

United States Proposed modifications to Draft Report
of America G.2.g(VI) — Identification of precursors indi­

cative of short-term variations and evaluation 
of the reliability of short-term forecasts of 
ionospheric propagation conditions

Draft Rep. G.2.g

United States Proposed modifications to Draft Report
of America G.2.o(VI) — Basic prediction information

for ionospheric propagation

Draft Rep. G.2.0

United States Proposed modifications to Draft Opinion Draft Op. G.2.an
of America G.2.an(VI) — Routine ionospheric sounding

United States Proposed modifications to Draft Report Draft Rep. G.2.x
of America G.2.x(VI) — Sky-wave propagation at fre­

quencies below 150 kHz

United States Proposed modifications to Draft Study Pro­
of America gramme G.2.am(VI) — Fading of signals

propagated by the ionosphere

Draft S.P. G.2.am

United States Proposed modifications to Draft Report
of America G.2.y(VI) — Fading of signals propagated by

the ionosphere

Draft Rep. G.2.y

C.C.I.R. Secretariat Study of the correlation between the basic Draft Rep. G.2.f 
solar indices for ionospheric propagation

Working Party VI/3 Report by the Chairman, Working Party 
VI/3 — C.C.I.R. Atlas of ionospheric cha­
racteristics

Res. 10

Chairman, Report by the Chairman, Study Group VI
Study Group VI — Ionospheric propagation

United States Proposed modification to Draft Report Draft Rep. G.2.ab
of America G.2.ab(VI) — High-frequency propagation Q. 316

by ducting above the F2-region peak

O.I.R.T.

O.I.R.T.

Determination of the sky-wave field strength 
at short and medium distances (less than 
300 km) from recordings of the total field 
of LW and MW transmitters

Method for prediction of nocturnal sky-wave 
field strength for the frequency range between 
150 and 1500 kHz and distances between 
300 and 3000 km

Draft Rep. G.2.w 
Draft S.P. G.2.al

Draft S.P. G.2.al I



— 404 —

VI/189 
(1 /51) 
(XIII/112)

VI/190

VI/191

VI/192

Vl/193

VI/194

VI/195

VI/196

VI/197

VI/198

VI/199

VI/200

VI/201

VI/202

VI/188
(X/145)

Origin Title Reference

O.I.R.T. Computation of protection field strength and Draft Rec. G.2.c
interference of sky-waves in the 150-1500 Draft Rep. G.2.w
kHz frequency range at distances from 300 Q. 262(X), 263(X)
to 3000 km

Director a.i., C.C.I.R. Note by the Director a.i. 
ships

Radio noise in

Japan Sky-wave field strength and transmission loss 
at frequencies between the approximate 
limits of 1-5 and 40 MHz — Measurement 
of HF field strengths made at Hiraiso

Res. 7 
S.P. 198

Federal Republic Long-distance sky-wave propagation at fre- S.P. 206, § 1
of Germany quencies below 1500 kHz Rep. 265

Czechoslovak S.R. 

India

E.B.U.

France

France

India

India

India

C.C.I.R. Secretariat 

India

India

Some characteristics of ray paths

Determination of atmospheric radio noise 
levels at Trivandrum (8 °29'N, 76° 57'E)

Propagation in the VHF band by way of spo- 
radic-E ionization

Draft revision of Draft Report G.2.ab(VI) 
— Propagation by ducting above the iono­
sphere

Draft revision of Draft Report G.2.z(VI) — 
Special problems of HF radiocommunica­
tion associated with the equatorial ionosphere

Development of a formula for the seasonal 
and secular characteristics of F2 layer cri­
tical frequency (S foF2)

Statistical characteristics of sudden ionos­
pheric disturbances

Some results of electron content measure­
ments at Delhi using Faraday fading of 
satellite beacon transmissions

List of documents issued (VI/165 to VI/200)

World distribution and characteristics of at­
mospheric radio noise

World distribution and characteristics of at­
mospheric radio noise

S.P. 200

Draft Res. G.2.aq 
Rep. 322 
Rec. 372 
S.P. 199

S.P. 195

Draft Rep. G.2.ab

Draft Rep. G.2.z

S.P. 200

S.P. 194 
Rep. 247 
Op. 6

S.P. 204 
Rep. 263

Rec. 372 
S.P. 199 
Rep. 322 
Res. 8

Rec. 372 
S.P. 199 
Rep. 322 
Res. 8

VI/203 India Proposed modification to Draft Study Pro- S.P. 197, 209 
gramme 209(VI) — Ionospheric sounding 
at oblique incidence
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VI/204 France

VI/205 Australia

VI/206 International
Working Party VI/3

VI/207 India

VI/208 P.R. of Bulgaria

VI/209 Study Group VI

VI/210 Study Group VI

Vl/211 Study Group VI

VI/212 Study Group VI

VI/213 Study Group VI

VI/214 Study Group VI

Vl/215 Working Group VI-D

Vl/216 Study Group VI

VI/217 Study Group VI

VI/218 Study Group VI

Doc. Origin

VI/219 Study Group VI

Title

Identification of precursors indicative of 
short-term variations and evaluation of the 
reliability of short-term forecasts of ionos­
pheric propagation conditions

Medium frequency sky-wave field strength 
predictions for Australia

Draft Report on the Meeting of International 
Working Party VI/3

Proposed modification to Report 248 — 
Availability and exchange of basic data for 
radio propagation forecasts

Field strength of the sky-wave on frequency 
827 kHz at quasivertical incidence in medium 
latitudes

Summary record of the first meeting

Revision of Draft Opinion G.2.an(VI) — 
Routine ionospheric sounding

Revision of Draft Resolution G.2.ar(VI) — 
Basic long-term ionospheric predictions

Revision of Draft Recommendation G.2.d 
(VI) — C.C.I.R. Atlas of ionospheric cha­
racteristics

Revision of Study Programme 209(VI) — 
Ionospheric sounding at oblique incidence

Revision of Study Programme G.2.ak(VI) — 
Back-scattering

Radio noise in ships

Revision of Study Programme 199 — Meas­
urement of atmospheric radio noise

Revision of Draft Study Programme G.2.ag 
(VI) — Estimation of sky-wave field strength 
and transmission loss for frequencies between 
the approximative limits of 1-5 and 40 MHz

Revision of Draft Resolution G.2.ap(VI) — 
Sky-wave field strength and transmission 
loss at frequencies between the approximate 
limits of 1-5 and 40 MHz

Revision of Draft Report G.2.m(VI) — 
Systematic measurements of sky-wave field 
strength and transmission loss at frequencies 
between the approximate limits of 1-5 and 
40 MHz

Draft S.P. G.2.ad 

Draft S.P. G.2.al

Rep. 248

Draft Rep. G.2.w 
Draft S.P. G.2.al

Reference

S.P. 199 

Draft S.P. G.2.ag

Draft Res. G.2.ap

Draft Rep. G.2.m
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VI/220

VI/221

Vl/222

VI/223

VI/224

VI/225

VI/226

VI/227

VI/228

VI/229 
and Rev.

VI/230 
and Rev.

Vl/231 
and Rev.

VI/232

VI/233

Doc.

Study Group VI

Study Group VI 

Study Group VI 

Study Group VI

Origin Title

Deletion of Study Programme 205(VI)

Radio-noise within and above the ionosphere

Recommendations of Sub-Group VI-A

Draft Recommendation G.2.a(VI) — Ex­
change of information for the preparation 
of short-term forecasts and the transmission 
of ionospheric disturbance warnings

S.P. 205 
Op. 9

Q. 312

Reference

Study Group VI Revision of Draft Report G.2.e(VI) — Pre­
diction of solar index

Study Group VI Revision of Draft Resolution G.2.ao(VI) —
Dissemination of basic indices for iono­
spheric propagation

Study Group VI Draft Study Programme G.2.ad(VI )— Iden­
tification of precursors indicative of short­
term variations of ionospheric propagation 
conditions and methods for describing iono­
spheric disturbances and the performance of 
radio circuits

Study Group VI Draft Resolution G.2.at(VI) — Sky-wave
propagation at frequencies below 150 kHz

Study Group VI Draft Study Programme G.2.ai(VI) — Very
low frequency propagation in and through 
the ionosphere

Study Group VI Draft Resolution — Observations needed
1 for basic indices for ionospheric propa­

gation

Study Group VI Draft amendments to Draft Report G.2.h(VI)
1 — Availability and exchange of basic data for

radio propagation forecasts

Study Group VI Draft amendments to Draft Report G.2.g
(VI) — Identification of precursors indicative 
of short-term variations and evaluation of 
the reliability of short-term forecasts of 
ionospheric propagation conditions

Study Group VI Draft addition to Draft Report G.2.f(Vl) —
Choice of basic indices for ionospheric pro­
pagation

Study Group VI Actions of Sub-Group VI-F involving no
or negligible change to Interim Meeting 

' documents

VI/234 Study Group VI-D Radio-noise documents of Geneva, 1963
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VI/236

VI/237

VI/238

VI/239

VI/240

VI/241

VI/242

VI/243

VI/244

VI/245

VI/246

VI/247

VI/248

VI/249

VI/250

VI/251

VI/252

VI/235

VI/253

Study Group VI 

Study Group VI 

Study Group VI

Study Group VI 

Study Group VI

Study Group VI

Study Group VI 

Study Group VI

Study Group VI

Study Group VI 

Study Group VI

Study Group VI 

Study Group VI

Study Group VI 

Study Group VI 

C.C.I.R. Secretariat 

Study Group VI 

E.B.U.

Origin

C.C.I.R. Secretariat

Title

Revision of Study Programme 199(VI) — 
Measurement of atmospheric radio noise

Revision of Draft Resolution G.2.aq(VI) — 
Revision of atmospheric radio noise data

Revision of Draft Study Programme G.2.am 
(VI) — Fading of signals propagated by the 
ionosphere

Deletion of Opinion 10 — Fading of signals 
propagated by the ionosphere

Question 313(VI) — Geographic distribution 
and programme of regular ionospheric obser­
vations

Study Programme 313A(VI) — Improvement 
in the world-wide ionospheric observing pro­
gramme for numerical mapping purposes

Deletion of obsolete texts

Revision of Draft Report G.2.j(VI) — Long­
distance ionospheric propagation without 
intermediate ground reflection

Revision of Draft Report G.2.t(VI) — Back- 
scattering

Revision of Question 314(VI)

Revision of Draft Report G.2.i(VI) — Iono­
sphere sounding at oblique incidence

Summary record of the second meeting

Draft Resolution — Use of the electronic 
computer in predicting basic indices for 
ionospheric propagation

Revision of Draft Report G.2.v(VI)

Study Programme 208(VI)

List of documents issued (VI/201 to VI/250)

Revision of Draft Report G.2.aa(VI)

Attenuation of the diurnal sky-wave

Submission of Doc. V/110(XII/1) — Prop­
agation data required for MF broadcasting 
systems

Reference

S.P. 206
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VI/254

VI/255

VI/256

VI/257

VI/258

VI/259 
and 
Rev. 1

VI/260

VI/261

VI/262

VI/263

VI/264

VI/265

VI/266

VI/267

VI/268

Doc.

Study Group VI

Study Group VI 

Study Group VI 

Study Group VI 

Study Group VI

Study Group VI

Study Group VI

Study Group VI

Study Group VI

Study Group VI

Study Group VI

Study Group VI 

Study Group VI

Study Group VI 

Study Group VI

Origin Title

Propagation by way of sporadic-E and other 
anomalous ionization in the E- and F- 
regions of the ionosphere

Approval of Draft Question G.2.ac(VI) and 
Question 316(V1)

Draft Report — Ionospheric scatter propa­
gation

Propagation by way of sporadic-E and other 
anomalous ionization

Draft Recommendation G.2.c(VI) — Sky- 
wave propagation curves between 300 km 
and 3500 km, between 150 kHz and 1500 
kHz in the European Broadcasting Area

Revision of Draft Report G.2.o(Vl) — Basic 
prediction information for ionospheric prop­
agation

Draft Revision of Draft Report G.2.ab(VI) 
— High frequency propagation by ducting 
above the maximum of the F region

Revision of Draft Report G.2.z(VI) — Spe­
cial problems of HF radiocommunication 
associated with the equatorial ionosphere

Draft Report G.2.x(VI) — Long distance 
sky-wave propagation at frequencies below 
150 kHz

Draft Resolution G.2.as(VI) — Sky-wave 
propagation for frequencies between 150 
kHz and 1500 kHz

Draft Study Programme G.2.ah(VI) — Basic 
prediction information for ionospheric prop­
agation

Summary record of the third meeting

Retention of Recommendation 372 and 
Report 322 — Use of atmospheric radio­
noise data

Future revision of Report 322 — World dist­
ribution of atmospheric radio noise

Report by the Chairman, Working Party 
VI/4 — Draft Report on studies of LF and 
MF sky-wave propagation in various geo­
graphical areas

Draft S.P. G.2.ae

Reference

Vl/269 Study Group VI Draft revision of Report G.2.n(VI)
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VI/270

VI/271

VI/272

VI/273

VI/274

VI/275

VI/276

VI/277

VI/278 
and 
Add. 1

VI/279

VI/280

VI/281

VI/282

VI/283

VI/284

Doc.

Study Group VI

Study Group VI 

Study Group VI 

Study Group VI

Study Group VI 

Working Group VI-F

Study Group VI 

Study Group VI

Study Group VI

Study Group VI

Study Group VI

Study Group VI

Study Group VI

Study Group VI 

Study Group VI

Origin Title

Revision of Draft Report G.2.1(VI) — Esti­
mation of sky-wave field strength and trans­
mission loss between the approximate limits 
of 1 -5 and 40 MHz

Draft Recommendation G.2.b(VI) — Defini­
tions of maximum transmission frequencies

Approval of Draft Study Programme 
G.2.al(VI)

Revision of Draft Report G.2.y(VI) — 
Fading of signals propagated by the iono­
sphere

Draft Report G.2.u(VI) — VLF propagation 
in and through the ionosphere

Draft Report G.2.r(VI) — Propagation by 
way of sporadic-E and other anomalous 
ionization

Summary record of the fourth meeting

Draft Report G.2.q.(VI) — Questions sub­
mitted by the I.F.R.B.

Draft Report G.2.w(VI) — Predictions of 
ionospheric field strength and propagation 
loss for the frequency range between 150 
kHz and 1500 kHz

Opinion 8 — High-frequency propagation by 
ducting above the F2-region peak

Study Programme 315A(VI) — Prediction 
of sporadic-E

Draft New Report — Prediction of sporadic- 
E at temperate latitudes

Revision of Draft Report G.2.p(VI) — Max­
imum transmission frequencies

Summary record of the fifth meeting

Report by the Chairman, International 
Working Party VI/1 — Sky-wave field 
strength and transmission loss at frequencies 
between the approximate limits of 1-5 and 
40 MHz

Reference

S.P. 195

S.P. 315A 

Draft Rec. G.2.b

VI/285 Study Group VI Draft Resolution — Predictions of the LF 
and MF sky-wave field strength for short 
distances in Africa



VI/286 Study Group VI Summary record of the sixth meeting

VI/287 Study Group VI Summary record of the seventh and last
meeting

VI/288 Study Group VI Status of texts

VI/289 C.C.I.R. Secretariat List of documents issued (VI/251 to VI/289)
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VI/1001

VI/1002

VI/1003

VI/1004

VI/1005

VI/1006

VI/1007

VI/1008

VI/1009

VI/1010

VI/1011

VI/1012

VI/1013

VI/1014

VI/1015

VI/1016 
and Rev. 1

VI/1017 
and Rev. 1

VI/1018

VI/1019

VI/1020

VI/1021

VI/1022

Doc.

VI/1023

Title

Routine ionospheric sounding

Identification of precursors indicative of short-term variations of ionospheric 
propagation conditions and methods for describing ionospheric disturb­
ances and the performance of radio circuits

Estimation of sky-wave field strength and transmission loss for frequencies 
between the approximate limits of 1-5 and 40 MHz

Sky-wave field strength and transmission loss at frequencies between the 
approximate limits of 1-5 and 40 MHz

Radio noise within and above the ionosphere

Sky-wave propagation at frequencies below 150 kHz

Dissemination of basic indices for ionospheric propagation

Basic long-term ionospheric predictions

C.C.I.R. Atlas of ionospheric characteristics

Ionospheric sounding at oblique incidence

Exchange of information for the preparation of short-term forecasts and the 
transmission of ionospheric disturbance warnings

Back-scattering

Intermittent communication by meteor-burst propagation 

Fading of signals propagated by the ionosphere

Geographic distribution and programme of regular ionospheric observations

Improvement in the world-wide ionospheric observing programme for num­
erical mapping purposes

Use of the electronic computer in predicting basic indices for ionospheric 
propagation

Very low frequency propagation in and through the ionosphere 

Observations needed to provide basic indices for ionospheric propagation 

Ionospheric-scatter propagation 

Revision of atmospheric radio noise data 

Side scatter due to ionospheric irregularities

Special problems of HF radiocommunication associated with the equatorial 
ionosphere

Final Text

Op. 22 

S.P. 10A/VI

S.P. 11 A/VI

Res. 7-1

Q. 7/VI 

Res. 13-1 

Res. 4-1 

Res. 10-1 

Rec. 434 

S.P. 12 A/VI 

Rec. 313-1

S.P.14A/VI 

S.P. 15A/VI 

S.P. 16A/VI 

Q. 2/VI 

S.P. 2A/VI

Res. 30

S.P. 18A/VI 

Op. 23 

S.P. 13A/VI 

Res. 8-1 

Q. 3/VI 

Q. 6/VI
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VI/1024 Propagation by way of sporadic-E and other anomalous ionization S.P. 4B/V1

VI/1025 Propagation by ducting above the ionization maximum of the F region Q. 5/VI

VI/1026 Propagation by way of sporadic-E and other anomalous ionization Q. 4/VI

VI/1027 Basic prediction information for ionospheric propagation S.P. 9A/VI

VI/1028 Characteristics of the ionosphere affecting space telecommunication systems S.P. 19A/VI

VI/1029 Sky-wave propagation for frequencies between 150 kHz and 1500 kHz Res. 12-1

VI/1030 Definitions of maximum transmission frequencies Rec. 373-1

VI/1031 Sky-wave propagation curves between 300 km and 3500 km, between 150 kHz Rec. 435
and 1500 kHz in the European Broadcasting Area

VI/1032 Sky-wave propagation at frequencies below 1500 kHz S.P. 17A/VI

VI/103 3 Prediction of sporadic-E S.P. 4A/VI

VI/1034 C.C.I.R. Atlas of ionospheric characteristics Rep. 340

VI/1035 Maximum transmission frequencies Rep. 256-1

VI/1036 High frequency propagation by ducting above the maximum of the F region Rep. 341

VI/1037 Fading of signals propagated by the ionosphere Rep. 266-1

VI/1038 VHF propagation by way of sporadic-E and other anomalous ionization Rep. 259-1

VI/1039 Sky-wave propagation at frequencies below 150 kHz Rep. 265-1

VI/1040 Choice of basic indices for ionospheric propagation Rep. 246-1

VI/1041 Identification of precursors indicative of short-term variations and evaluation Rep. 247-1
of the reliability of short-term forecasts of ionospheric propagation 
conditions

VI/1042 Question submitted by the I.F.R.B. Rep. 257-1

VI/1043 Measurement of atmospheric radio-noise Rep. 254-1

VI/1044 Estimation of sky-wave field strength and transmission loss between the Rep. 252-1
approximate limits of L5 and 40 MHz

VI/1045 Radio noise within and above the ionosphere Rep. 342

VI/1046 Ionospheric effects upon earth-space radio propagation Rep. 263-1

VI/1047 Prediction of solar index Rep. 245-1

VI/1048 Availability and exchange of basic data for radio propagation forecasts Rep. 248-1

VI/1049 Intermittent communication by meteor-burst propagation Rep. 251-1

VI/1050 List of documents issued (VI/1001 to VI/1061)

Vl/1051 Ionosphere sounding at oblique incidence Rep. 249-1
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VI/1052 Prediction of sporadic-E at temperate latitudes Rep. 344

VI/1053 Basic prediction information for ionospheric propagation Rep. 255-1

Vl/1054 VLF propagation in and through the ionosphere Rep. 262-1

VI/1055 Predictions of ionospheric field-strength and propagation loss for the 
frequency range between 150 and 1500 kHz

Rep. 264-1

VI/1056 Predictions of the LF and MF sky-wave field strengths for short distances 
in Africa

Res. 31

VI/1057 Ionospheric-scatter propagation Rep. 260-1

VI/1058 Systematic measurements of sky-wave field strength and transmission loss 
at frequencies between the approximate limits of 1-5 and 40 MHz

Rep. 253-1

VI/1059 Special problems of HF radiocommunication associated with the equatorial 
ionosphere

Rep. 343

VI/1060 Long-distance ionospheric propagation without intermediate ground 
reflection

Rep. 250-1

VI/1061 Back-scattering Rep. 261-1
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