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RECOMMENDATION ITU-R P.15466

Method for point-to-area predictions for terrestrial services in the
frequency range 30MHz to 4 000MHz

(200%:200320052007-200920132019)

Scope

This Recommendation describes a method for goHarea radio propagation predictions for terrestrial
services in the frequency range 30 MHz to 4 000 MHz. It is intended for use on tropospheric radio circuits
over land paths, sea paths and/or mixed {sed paths up to @O0Okm length for effective transmitting
antenna heights less than 3 000 m. The method is based on interpolation/extrapolation from empirically
derived fieldstrength curves as functions of distapnantenna height, frequency and percentage time. The
calculation procedure also includes corrections to the results obtained from this interpolation/extrapolation to
account for terrain clearance and terminal clutter obstructions.

Keywords

Long range péatgeneral propagation, tropospheric paths/circuits, field strength curves, time and
location variability, basic transmission loss predictions

The ITU Radiocommunication Assembly,

considering

a) that there is a need to give guidance to engineers in thenipdarof terrestrial
radiocommunication services in the VHF and UHF bands;

b) that, for stations working in the same or adjacent frequency channels, the determination of
the minimum geographical distance of separation required to avoid unacceptablesimtertire to
long-distance tropospheric propagation is a matter of great importance;

C) that the curves that appear in Annexes 2, 3 and 4 are based on the statistical analysis of
experimental data,

noting
a) that Recommendation ITB P.528 provides guidanan the prediction of pointo-area

basic transmission loss for the aeronautical mobile service for the frequency rangéeiA26
15.5GHz and the distance range up ®00Dkm;

b) that Recommendation IR P.452 provides guidance on the detaikdaluation of
microwave interference between stations on the surface of the Earth at frequencies above about
0.1GHz;

C) that Recommendation ITHB P.617 provides guidance on thedicéion of pointto-point
(P-P) transmission loss for traft®rizon radierelay systems for the frequency range abov#1Bi2
and for the distance range 100 @0Dkm;

d) that Recommendation ITHB P.1411 provides guidance onegiction for shorrange
(upto 1 km) outdoor services;

e) that Recommendation ITB P.530 provides gdance on the prediction of poitd-point
propagation loss for terrestrial lhod-sight systems;

f) that Recommendation I8 P.2001 provides a wid@ange terrestrial propagation model
for the frequency range 3@Hz to 50GHz including both fading and eahcement statistics,
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recommends

that the procedures given in Annexes 1 to 8 should be used fortpairda prediction of field
strength for the broadcasting, land mobile, maritime mobile and certain fixed serviceso&eg.
employing poirtto-multipoint (P-MP) systems) in the frequency rangeNBlz to 4000MHz and
for distances up to@00km.

NOTET Long range propagation paths may also occur at VHF via the ionosphere. These modes are
summarized in Recommendation [FRJP.844.

Annex 1

Introduction

1 The propagation curves

The propagation curves in Annexes 2, 3 and 4 represenistreldgth values for 1 kW effective
radiated power (e.r.p.) at nominal frequencies of 100, 600 #AQDMHz, respectively, as a
function of various parameters; some csgrvefer to land paths, others refer to sea paths.
Interpolation or extrapolation of the values obtained for these nominal frequency values should be
used to obtain fieldtrength values for any given required frequency using the method given in
Annex5, §6.

The curves are based on measurement data mainly relating to mean climatic conditions in temperate
regions containing cold and warm seas, e.g. the North Sea and the Mediterranean Sea. The
land-path curves were prepared from data obtained mainly frometettgpclimates as encountered

in Europe and North America. The geath curves were prepared from data obtained mainly from

the Mediterranean and the North Sea regions. Extensive studies reveal that propagation conditions
in certain areas of supegfractvity bounded by hot seas are substantially different.

However, the methods for interpolation and extrapolation between the families eftfeigth
curves are general. Therefore, if families of curves exist for regions with different climates which
experence substantially different prevailing radio propagation conditions, accurate characterization
of radio propagation in these regions may be attained using the methods found in this
Recommendation.

This Recommendation is not specific to a particular praton.

2 Maximum field strengths

The curves have upper limits on the possible value of field strength which may be obtained under
any conditions. These limits are defined in Annex 3,d&\d appear as dashed lines on the graphs
reproduced in Annexes 2, 8nd 4.
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3 Computer-basedtabulations

Although field strengths may be read directly from the curves presented as figures in Annexes 2, 3
and4 of this Recommendation, it is intended that computer implementations of the method will use
tabulated field stmegths available from the Radiocommunication Bureau. See that part of tHe ITU
website dealing with Radiocommunication Study Gr8up

4 Step-by-stepmethod

The detailed stepy-step procedure to be used in the application of this Recommendation is given
in Annexe6.

5 Designation ofantennas

I n this Recommendation, the term Atransmittin
of transmitting antenna as used in the broadcasting service and the concept of base station antenne
as used in the terreg i a | mobile services. Similarly, the

deal with the concept of a receiving antenna as used in the broadcasting service and a mobile
antenna as used in the terrestrial mobile services. More information on thaeatiesigpf the
terminals can be found in Annex 518.

6 Transmitting/base antennaheight

The method takes account of the effective height of the transmitting/base antenna, which is the
height of the antenna above terrain height averaged between disihBdesl5km in the direction

of the receiving/mobile antenna. The transmitting/base antenna héightp be used for
calculations is obtained using the method given in Ariea.

7 Transmitting/base antenna heights used for curves

The field strength versus distance curves in Annexes 2, 3 and 4, and the associated tabulations, are
given for values oh; of 10, 20, 37.5, 75, 150, 300, 600 an20Dm. For any values dfy in the

range 10m to 3000m an interpolation or extrapolatidrom the appropriate two curves should be

used, as described in Ann&x84.1. Forhy below 10 m, the extrapolation to be applied is given in
Annex5, 84.2. It is possible for the value bf to be negative, in which case the method given in
Annex5, 84.3 should be used.

8 Time variability

The propagation curves represent the felgngth values exceeded for 50%, 10% and 1% of time.
A method for interpolating between these values is given in ABn8X. This Recommendation is
not valid for field stragths exceeded for percentage times outside the range from 1% to 50%.

9 Mixed-path method

In cases where the radio path is over both land and sea the estimate cpatixéeld strength
should be made using the method given in AriheX8.
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10 Receivingmobile antenna height

For land paths the curves give fiedttength values for a receiving/mobile antenna height above
ground, h, (m), equal to either the representative height of ground cover around the
receiving/mobile antenna location, or k) whicheve is the higher. For sea paths the curves give
field-strength values fon, = 10 m. To allow for values oh. different from the height represented

by a curve a correction should be applied according to the environment of the receiving/mobile
antenna. Thenethod for calculating this correction is given in An3exg9.

11 Effect of clutter shielding transmitting/base antenna

If the transmitting/base antenna is over or adjacent to land on which there is clutter, the correction
given in Annexb, 8 10 should kb applied, irrespective of the transmitting/base antenna height above
ground.

12 Terrain clearance angle correction

For land paths, improved accuracy of predicted field strengths can be obtained by taking into
account terrain near the receiving/mobile ant if available, by means of a terrain clearance
angle. When a calculation for a mixed path has been made, this correction should be included if the
receiving/mobile antenna is adjacent to a land section of the path. More information on the terrain
cleaance angle correction is given in Anrexg11.

13 Location variability

The propagation curves represent the f&lgngth values exceeded at 50% of locations within an
area. For more information on location variability and the methoddtoulating the correction
required for percentages of location other than 50%, see AnrEb@.

14 Correction based on tropospheric scattering

Annex5, 813 gives a method for taking tropospheric scattering into account to be used if terrain
information is available. In principle the curves should reflect the effect of any significant
troposcatter signals, but it is not certain that sufficient measurements were conducted at the long
distances required to capture such effects. The correction in Aprgl3 is intended to make it
unlikely that a field strength will be seriously ungeedicted due to the curves not adequately
representing tropscatter effects.

15 Correction for antenna height difference

Annex5, 814 gives a correction to account for ttiéference between the two antenna heights
above ground.

16 Horizontal distances less than 1 km

The field strength curves cover horizontal distances frokm1to 1 00Gkm. Annex5, 8§15
describes the method for horizontal distances less than 1
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17 Equivalent basic transmission loss

Annex5, 817 gives a method for converting from field strength for 1 kW e.r.p. to the equivalent
basic transmission loss.

18 Variability of atmospheric refractive index

It is known that median field strength and its ghriity over time varies in different climatic
regions. The field strength curves given in AnneXe3 and 4 apply to temperate climates. Anfex
gives a method of adjusting the curves for different regions of the world based on the vertical
atmosphericefractivity gradient data associated with RecommendatiorRTRJ453.

19 Compatibility with the Okumura -Hata method

Annex8 gives the Hata equations for field strength prediction for mobile services in an urban
environment, and describes the conditionseundhich this Recommendation gives compatible
results.

Annex 2

Frequency range 30MHz to 300 MHz

1 The field strength versus distance curves shown in this Annex are for a frequency of
100MHz. They may be used for frequencies in the rang®1B@ to 300MHz but the procedure

given in Annexs, 8 6 should be used to obtain improved accuracy. The same procedure should be
used when the tabulated values of field strength versus distance (seelAgBgare employed.

2 The curves in Fig& to3 represent fid-strength values exceeded at 50% of the locations
within any area of approximately 500 by 500m and for 50%, 10% and 1% of the time for land
paths.

3 The field strength distribution as a function of percentage location may be calculated using
the infomation in Annexs, §12.

4 The curves in Figs 4 to 8 represent fistdength values exceeded at 50% of the locations
for 50%, 10% and 1% of the time for sea paths in cold seas and warm seas, for example, those
observed in the North Sea and the Mediteraaneespectively.

5 In areas subject to pronounced supEraction phenomena, account should be taken of the
information contained in Annek, 818.

6 The ionosphere, primarily through the effects of spor&dimnization, can influence
propagation in théower part of the VHF band, particularly at frequencies below aboMH2 In

some circumstances this mode of propagation may influence the field strength exceeded for small
percentages of the time at distances beyond somé&mb0O0lear the magnetic eqoatand in the

auroral zone, higher percentages of the time may be involved. However, these ionospheric effects
can usually be ignored in most applications covered by this Recommendation and the propagation
curves of this Annex have been prepared on th&iraption. (RecommendatiofifU-R P.534
provides guidance on sporadtcpropagation.)
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FIGURE 1
100 MHz, land path, 50% time
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FIGURE 2
100 MHz, land path, 10% time
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FIGURE 3
100 MHz, land path, 1% time
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FIGURE 4
100 MHz, sea path, 50% time
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FIGURE 5
100 MHz, cold sea path, 10% time
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FIGURE 6
100 MHz, cold sea path, 1% time
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FIGURE 7
100 MHz, warm sea path, 10% time
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FIGURE 8
100 MHz, warm sea path, 1% time
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Annex 3

Frequency range 300MHz to 1000MHz

1 The field strength versus distancarves shown in this Annex are for a frequency of
600MHz. They may be used for frequencies in the rangeM8@@ to 1000MHz but the procedure

given in Annex5, 86 should be used to obtain improved accuracy. The same procedure should be
used when the taltated values of field strength versus distance (see AbngR) are employed.

2 The curves in Fig9 to 11 represent fielgtrength values exceeded at 50% of the locations
within any area of approximately 509 by 500m and for 50%, 10% and 1% of theng for land
paths.

3 The field strength distribution as a function of percentage location may be calculated using
the information in Anne¥%, 812.

4 The curves in Figd2 to16 represent fieldtrength values exceeded at 50% of the locations
and for50%, 10% and 1% of the time for sea paths in cold seas and warm seas, for example, those
observed in the North Sea and the Mediterranean, respectively.

5 In areas subject to pronounced supraction phenomena, account should be taken of the
informationcontained in Annex, 818.
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FIGURE 9
600 MHz, land path, 50% time
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Field strength (dB(uV/m)) for 1 kW e.r.p.
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FIGURE 10
600 MHz, land path, 10% time

%‘“\
el
~ \\\ \‘\._\:;::\\

SN SNS

\\\\\\ \ Maximum (free space)
N N \ A P
AN SN e/
N \\ N T

h=1200m

AV

=EN
VYA

=
Il
o

[/AS
/LA

Transmitting/base

antenna heights, 7,
1200 m

600 m
300 m

— 150m
— T5m

— 375m
— 20m

—— 10m

50% of locations

h,: representative clutter height

10
Distance (km)

100

1 000

P.1546-10



Field strength (dB(uV/m)) for 1 kW e.rp.

120

110

100

90

80

70

60

50

40

30

20

10

(==}

Rec. ITU-R P.15466 17
FIGURE 11
600 MHz, land path, 1% time
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Field strength (dB(uV/m)) for 1 kW e.r.p.
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FIGURE 12

600 MHz, sea path, 50% time
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FIGURE 13
600 MHz, cold sea path, 10% time
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Field strength (dB(uV/m)) for 1 kW e.r.p.
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FIGURE 14
600 MHz, cold sea path, 1% time
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FIGURE 15
600 MHz, warm sea path, 10% time
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FIGURE 16
600 MHz, warm sea path, 1% time



