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CCIR

1. The International Radio Consultative Committee (CCIR) is the
~ permanent organ of the International Telecommunication Union responsible
under the International Telecommunication Convention ““... to study technical
and operating questions relating specifically to radiocommunications without
limit of frequency range, and to issue recommendations on them...” (Inter-
national Telecommunication Convention, Nairobi 1982, First Part, Chapter |,
Art. 11, No. 83)* -

2. The objectives of the CCIR are in particular:

a) to provide the technical bases for use by administrative radio conferences

and radiocommunication services for efficient utilization of the radio-frequency:

spectrum and the geostationary-satellite orbit, bearing in mind the needs of the
‘various radio services;

b) to recommend performance standards for radio systems and technical
arrangements which assure their effective and compatible interworking in inter-
national telecommunications; :

c) to collect, exchange, analyze and disseminate technical information
resulting from studies by the CCIR, and other information available, for the
development, planning and operation of radio systems, including any necessary
special measures required to facilitate the use of such information in developing
countries.

*  See also the Constitution of the ITU, Nice, 1989, Chapter 1, Art. 11, No. 84.
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PLAN OF VOLUMES I TO XV
XVIIth PLENARY ASSEMBLY OF THE CCIR
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Annex-to Vol. I (Reports)
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Annex to Vol. II (Reports)
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Annex to Vol. 1II (Reports)
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Annex to Vols. IV/IX-2 (Reports)
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Annex to Vol. V (Reports)
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Annex to Vol. VI. (Reports)
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Annex to Vol. VII (Reports)

VOLUME VII (Recommendations)
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Annex 2 to Vol. VIII (Reports)
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Annex to Vol. IX-1 (Reports)
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Annex to Vols. X/XI-2 (Reports)
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Spectrum utilization and monitoring
Space research and radioastronomy services
Fixed service at frequencies below about 30 MHz

Fixed-satellite service

Frequency sharing and coordination between systems in
the fixed-satellite service and radio-relay system

Propagation in non-ionized media
Propagation in ionized media

Standard frequencies and time signals

Mobile, radiodetermination, amateur and related satellite
services

" Land mobile service — Amateur service — Amateur

satellite service

Maritime mobile service

Mobile satelllite services (aeronautical, land, maritime,
mobile and radiodetermination) — Aeronautical mobile
service :
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Sound and televisidri recording
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Television and sound transmission (CMTT)

Vocabulary (CCV)
Administrative texts of the CCIR
Study Groups 1, 12, 5, 6, 7
Stﬁdy Group 8 .
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Study Groups 4, 9
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and Questions_refer to the 1990 edition, unless otherwise noted ; i.e., only the basic number is shown.
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DISTRIBUTION OF TEXTS OF THE XVIith PLENARY ASSEMBLY
OF THE CCIR IN VOLUMES I TO XV

Volumes and Annexes I to XV, XVIIth Plenary Assembly, contam all the vahd texts of the CCIR and
succeed those of the XVIth Plenary Assembly, Dubrovnik, 1986..

1. Recommendations, Resolutlons, Opmlons are given in Volumes I-XIV and Reports, Decisions in the
Annexes to Volumes I-XII.

1.1 Numbering of texts

When a Recommendation, Report, Resolution or Opinion is modified, it retains its number to which is
added a dash and a figure indicating how many revisions have been made. Within the text of Recommendations,
Reports, Resolutions, Opinions and Decisions, however, reference is made only to the basic number (for example
Recommendation 253). Such a reference should be interpreted as a reference to the latest version of the text,
unless otherwise indicated.

The tables which follow show only the original numbering of the current texts, without any indication of
successive modifications that may have occurred. For further information about this numbering scheme, please
refer to Volume XIV. ,

1.2 Recommendations

Number . Volume Number " Volume Number Volume
48 X-1 368-370 \'A 479 II
80 X-1 371-373 VI 480 111
106 : 111 374-376 v VII 481-484 Iv-1
- 139 X-1 377, 378 . I 485, 486 : VII
162 III 380-393 . IX-1 487-493 VIII-2
182 . _ 395-405 IX-1 494 VIII-1 -
215, 216 X-1 . . 406 IV/IX-2 496 ’ VIII-2
218, 219 VIII-2 : 407, 408 X/XI-3 497 | 1X-1 |
239 I 411, 412 ) X-1 498 X-1
240 111 415 . X-1 . 500 XI-1
246 111 417 XI-1 501 X/XI-3
257 VIII-2 ) 419 XI-1 502, 503 XII
265 X/XI-3 428 VIII-2 505 XII
266 XI-1 430, 431 XIII - 508 ) I
268 IX-1 ‘ 433 I 509, 510 11
270 IX-1 434, 435 VI 513-517 11
275, 276 IX-1 436 ‘ I 518-520 . Ir
283 . IX-1 439 VIII-2 521-524 Iv-1
290 IX-1 441 © VIII-3 525-530 v
302 IX-1 443 I © 531-534 ’ VI
305, 306 ©UIXA 444 IX-1 535-538 VII
310, 311 \% 446 Iv-1 539 ' VIII-1
313 VI 450 . X-1 540-542 VIII-2
314 ‘ II 452, 453 ) v 546-550 : VIII-3
326 I 454-456 I 552, 553 VIII-3
328, 329 I 457, 458 vl 555-557 . IX-1.
331, 332 1 ) 460 VII 558 o IV/1X-2
335, 336 : I - 461 - XIHI 559-562 X-1
337 1 463 IX-1 565 XI-1
338,339 11 464-466 Iv-1 566 - X/XI-2
341 v 467, 468 X-1 567-572 XII
342-349 111 469 X/XI-3 573, 574 XIII
352-354 Iv-1 470-472 XI-1 575 I
355-359 . IV/IX-2 473, 474 XII 576-578 11
362-364 11 475, 476 | VIII-2 579, 580 ) IV 1
367 11 3 478 VIII-1 581 v
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1.2 Recommendations (cont.)
Number Volume Number * Volume . Number Volume
582, 583 VII 625-631 VIII-2 676-682 \%
584 VIII-1 632, 633 VIII-3 683, 684 VI
585-589 VIII-2 634-637 IX . 685, 686 VII
591 VIII-3 638-641 X-1 687 VIII-1
592-596 IX-1 642 X-1 688-693 VIII-2
597-599 X-1 643, 644 X-1 694 VIII-3
600 X/XI1-2 645 X-1 + XII 695-701 IX-1
601 XI-1 646, 647 X-1 702-704 X-1
602 X/XI-3 648, 649 X/XI1-3 705 X-1 M
603-606 XII 650-652 X/XI1-2 706-708 X-1
607, 608 X111 653-656 XI-1 709-711 XI-1 -
609-611 IT 657 X/XI-3 712 X/XI1-2
612, 613 I 658-661 XII 713-716 X/XI1-3
614 IvV-1 662-666 XIII 717-721 XII
615 IV/1X-2 667-669 I 722 XII
616-620 \Y% - 670-673 IvV-1 723, 724 XII
622-624 VIII-1 674, 675 IV/1X-2
1.3 Reports
Number Volume Number Volume Number Volume
19 II1 319 VIII-1 472 X-1
122 XI-1 322 \% 10 473 X/XI1-2
137 IX-1 324 I 476 XI-1
181 I 327 111 478 XI-1
183 I 336* \'2 481-485 XI-1
195 ' 111 338 v 488 XII
197 III 340 Vi) ‘491 XII
203 111 342 VI 493 XI1I
208 Iv-1 345 III 496, 497 XII
209 IV/1X-2 347 111 499 VIII-1
212 IV-1 349 I1I 500, 501 VIII-2
214 Iv-1 354-357 111 509 VIII-3
215 X/XI-2 358 VIII-1 516 X-1
222 II 363, 364 VII 518 VII
224 II 371, 372 | 521, 522 I
226 II 375, 376 IX-1 525, 526 I
- 227* \Y% 378-380 IX-1 528 1
228, 229 \" 382 IV/1X-2 533 1
238, 239 \Y% 384 IV-1 535, 536 II
249-251 VI 386-388 IV/1X-2 538 II
252 VvI() 390, 391 IV-1 540, 541 I
253-255 VI 393 IV/1X-2 543 II
258-260 VI 395 II 546 11
262, 263 VI 401 X-1 548 11
265, 266 VI 404 XI-1 549-551 111
267 VII 409 XI-1 552-558 IV-1
270, 271 VII 411, 412 XII 560, 561 Iv-1
272, 273 1 430-432 VI 562-565 \%
275-277 I 435-437 I 567 \Y%
279 I 439 VII 569 \Y%
285 IX-1 443 IX-1 571 VI
287* I1X-1 445 IX-1 574, 575 VI
289* IX-1 448, 449 IV/I1X-2 576-580 VII
292 X-1 451 V-1 584, 585 VIII-2
294 X/XI-3 453-455 IV-1 588 VIII-2
300 X-1 456 II 607 IX-1
302-304 X-1 458 X-1 610* IX-1
311-313 XI-1 463, 464 X-1 612-615 IX-1°
314 XII 468, 469 X/XI-3 622 X/X1-3

*  Not reprinted, see Dubrovnik, 1986.

(') Published separately.




13 Reports (cont.)

Number Volume Number . Volume Number Volume
624-626 XI-1 790-793 IV/1X-2 972-979 I
628, 629 X1-1 795 X-1 980-985 II
630 X/XI-3 798, 799 X-1 . 987, 988 11
631-634 X/XI-2 801, 802 XI-1 989-996 - 111
635-637 XII 803 X/XI-3 997-1004 Iv-1
639 XII 804, 805 XI-1 1005, 1006 IvV/1X-2
642, 643 XII 807-812 X/XI1-2 ) 1007-1010 v
646-648 XII 814 X/XI1-2 1011, 1012 VI
651 1 815, 816 XII 1016, 1017 VII
654-656 R | 818-823 ‘ XII 1018-1025 VIII-1
659 I 826-842 1 1026-1033 : VIII-2
662-668 I 843-854 11 1035-1039 VIII-2
670, 671 I 857 ' 111 1041-1044 VIII-2
672-674 II 859-865 111 1045 VIII-3
676-680 ! 867-870 - Iv-1 1047-1051 VIII-3
682-685 . 11 872-875 Iv-1 1052-1057 IX-1
687 II 876, 877 Iv/1X-2 1058-1061 X-1
692-697 II . 879, 880 v 1063-1072 X-1
699, 700 II 882-885 v 1073-1076 X/XI-2
701-704 111 886-895 : VI 1077-1089 . XI1
706 1vV-1 ’ 896-898 VII 1090-1092 XII
709 IV/1X-2 899-904 VIII-1 1094-1096 XII
710 Iv-1 908 VIII-2 1097-1118 |
712, 713 Iv-1 910, 911 VIII-2 - 1119-1126 I1
714-724 \'% 913-915 VIII-2 1127-1133 1
725-729 VI ' 917-923 VIII-3 1134-1141 . Iv-1
731, 732 VII 925927 VIII-3 1142, 1143 IV/IX-2
735, 736 VII 929 VIII-3 () 1144-1148 A"
738 . . VII . 930-932 IX-1 1149-1151 VI
739-742 : VIII-1 934 IX-1 1152 VII
743, 744 VIII-2 936-938 IX-1 1153-1157 VIII-1
748, 749 VIII-2 940-942 IX-1 1158-1168 VIII-2
751 VIII-3 . 943-947 X-1 . 1169-1186 VIII-3
760-764 . VIII-3 950 X/XI-3 1187-1197 | IX-1
766 " VIII-3 951-955 X/X1-2 1198 S X1 (M
770-773 VIII-3 956 XI-1 1199-1204 - X-1
774, 775 VIII-2 958, 959 XI-1 1205-1226 XI-1
778 VIII-1 961, 962 XI-1 1227, 1228 X/X1-2
780% IX-1 963, 964 X/XI-3 1229-1233 X/XI1-3
781-789 IX-1 965-970 XII 1234-1241 XII

*  Not reprinted, see Dubrovnik, 1986.
(") Published separately.

1.3.1  Note concerning Reports

The individual footnote “Adopted unanimously” has been dropped from each Report. Reports in
Annexes to Volumes have been adopted unanimously except in cases where reservations have been made
which will appear as individual footnotes. ‘

1.4 Resolutions
, Number Volume Number Volume Number Volume

4 . VI 62 I 86, 87 X1V
14 VII 63 VI 88 _ 1
15 1 64 X-1 89 XIII
20 VIII-1 71 I 95 X1V

©23 XII1 72,73 \Y% 97-109 X1V

24 X1V 74 \%! ' 110 I
33 XIv 76 X-1 111, 112 VI
39 X1v 78 XIII 113, 114 XIII
61 ‘ X1V 79-83 XIv
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1.5 Opinions

Number Volume ' Number _ Volume Number Volume
2 I 45 ) VI 73 © VI
11 I 49 VIII-1 74 X-1 + X/XI-3
14 IX-1 . 50 IX-1 75 XI-1+ X/XI-3
15 X-1 51 X-1 77 XIvV
16 X/X1-3 56 . Iv-1 79-81 i . XIV

22,23 VI 59 X-1 82 . VI

26-28 . VII 63 X1V 83 XI-1
32 I 64 I ) - 84 X1V
35 I 65 X1V . 85 VI
38 XI-1 66 I 87, 88 X1V
40 XI-1 67-69 VI 89 IX-1.
42 VIII-1 71-72 VII .9 X/7XI1-3
43 VIII-2

1.6 Decisions

Number, Volume Number Volume Number Volume
2 . Iv-1 60 XI-1 87 IV/1X-2
4,5 v o 63 I 88, 89 : I1X-1
6 VI 64 IV-1 90, 91 XI-1
9 VI 65 VII ¢ 93 X/X1-2
1 - VI 67, 68 ' XII 94 : X-1
18 X1 + XI-1 + 69 ’ VIII-1 95 X-1 + XI-1

XII 70 - Iv-1 96, 97 X-1

27 | I 71 VIII-3 98 X-1 + XII
42 XI-1 72 X-1 + XI-1 99 X-1
43 X/X1-2 76 IvV-1 + X-1 + 100 I
5t X/X1-2 : XI-1 + XII 101 11

53, 54 I 77 XII 102 \A
56 I 78, 719 "X-1 103 VIII-3
57 . VI 80 ’ XI-1 105 X1V
58 S XI- 81 VIII-3 106 XI-1
59 X/X13 83-86 VI

2. Questions (Vols. XV-1, XV-2, XV-3, XV-4)

2.1 Numbering of texts

-Questions are numbered in a different series for each Study Group: where applicable a dash and a figure
added after the number of the Question indicate successive modifications. The number of a Question is completed
by an Arabic fi igure indicating the relevant Study Group. For example:

— Question 1/10 would indicate a Question of Study Group 10 with its text in the original state;
— Question 1-1/10 would indicate a Question of Study Group 10, whose text has been, once modified from the

original; Question 1-2/10 would be a Question of Study Group 10, whose text has had two successive
modifications.

Note — The numbers' of the Questions of Study Groups 7, 9 and 12 start from 101. In the case of Study
Groups 7 and 9, this was caused by the need to merge the Questions of former Study Groups 2 and 7 and Study
Groups 3 and 9, respectively. In the case of Study Group 12, the renumbering was due to the requlrement to
transfer Questions from other Study Groups.

2.2 Assignment of Questions

In the plan shown on page II, the relevant Volume XV in which Questions of each Study Group can be
found is indicated. A summary table of all Questions, with their titles, former and new numbers is to be found in
Volume XIV.
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2.3 References to Questions

As detailed in Resolution 109, the Plenary Assembly approved the Questions and assigned them to the
Study Groups for consideration. The Plenary Assembly also decided to discontinue Study Programmes.
Resolution 109 therefore identifies those Study Programmes which were approved for conversion into new
Questions or for amalgamation with existing Questions. It should be noted that references to Questions and Study
Programmes contained in the texts of Recommendations and Reports of Volumes I to XIII are still those which
were in force during the study period 1986-1990.

Where appropriate, the Questions give references to the former Study Programmes or Questions from
which they have been derived. New numbers have been given to those Questions Wthh have been derived from
Study Programmes or transferred to a different Study Group.
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X1

STUDY GROUP 5
PROPAGATION IN NON-IONIZED MEDIA

Terms of reference:

To study with the object of improving radiocommunication the propagation of radio waves (and the study
of associated radio noise):"

— at the surface of the Earth,
— through the non-ionized regions of the Earth’s atmosphere,

— and in space where the effect of ionization is negligible.

1986-1990 Chairman: A. KALININ (USSR)

Vice-Chairmen: F. FEDI (Italy)
Y. HOSOYA (Japan)

As from the next study period, in conformity with Resolution 61 adopted at the XVIIth Plenary Assembly,
Diisseldorf (May-June 1990), the scope of the work which will be undertaken and the names of the Chairman and
Vice-Chairmen are as follows:

STUDY GROUP 5

RADIO WAVE PROPAGATION IN NON-IONIZED MEDIA

. Scope:

Propagation of radio waves and related noise phenomena in non-ionized media at and above the surface
“of the Earth for the purpose of improving radiocommunication systems.

1990-1994 Chairman: -  A. KALININ (USSR)

Vice-Chairmen: F. FEDI (Italy)
Y. HOSOYA (Japan)

INTRODUCTION BY THE CHAIRMAN, STUDY GROUP 5

In the 1986-1990 study period, Study Group 5 continued to give thorough consideration to the various
aspects of radio-wave propagation in non-ionized media, -having regard to the requirements of the different
“terrestrial and space services. The fact that more than 400 documents were examined at the Interim and Final
Meetings of Study Group 5 provides an indication of the volume of work accomplished.

Study Group 5 continued to reinforce its cooperation with other Study Groups with a view to meeting the
practical needs of the Study Groups responsible for specific services. In particular, it was decided at the Final
Meeting that Study Group 5 should participate in two Joint Interim Working Parties, one to prepare the CCIR
Report to the: WARC-92 and the second concerning the determination of the coordination area with a view to
updating Appendix 28 of the Radio Regulations.
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Activities of the Interim Working Parties

The work undertaken within the four IWPs of Study Group 5 since the XVIth Plenary Assembly is
outlined below.

IWP 5/1 (Decision 3) -
Influence of the surface of the Earth and aspects of tropospheric propagatlon of general interest '
Chairman: A Blomqurst (Sweden)

IWP 5/1 held two meetings but much of its work was carried out by correspondence and by the
Secretariat. The main areas of work have been:

- preparation of a Handbook of curves for propagatlon over the surface of the Earth, in accordance with
Resolution 72;

— refinements to Recommendation 368, including allowance for the effect of the near field;

— methods for treating diffraction propagation over multlple knife-edges and self-contained prediction methods
for paths over irregular terrain; .

— a review of the texts of a general nature contained in Volume V 1ncludmg a proposed revision of the
“Introduction to Texts”.

At its Final Meeting, the Study Group"considered that the IWP had successfully fulfilled its terms of
reference and that Decision 3 should be cancelled. As a consequence, IWP 5/1 was disbanded.

However, the Study Group recognized the need to undertake certain specific studies relating to the effects
of terrain and man-made structures. In particular, such work could benefit significantly from the use of digital
terrain data bases. As a result, the Study Group adopted Decision 102 (Propagation predictions based on digital
terrain data bases including terrain roughness and man-made structures) which establlshes new IWP 5/6 to
undertake relevant studies.

IWP 5/2 (Decision 4)

Tropospheric propagation data for planning space and point-to-point terrestrial telecommunication systems
and determining likely interference between systems

Chairman: M.P.M. Hall (United Kingdom)
Meeting twice during the study period, the IWP’s work has chiefly involved:

— the review and development of the data banks of Study Group 5, recently implemented on a computerized
data base management system;

— an examination of the results of Testing Groups responsible for the testing of prediction methods contained_
" in Sections E, F and G; arising from this work was the recommendation of one single method for rain.
attenuation on an Earth-space path;

— the preparation of responses to questions put to-Study Group 5 by other Study Groups.

Decision 4 was revised at the Final Meeting which, in addition to covering the broader aspects of the
topics contained in Sections E, F and G, calls for emphasis to be placed on:

— propagation data relevant to the prediction of interference levels and determination of coordination distance;

— the consequences of new data from tropical regions on the recommended rain attenuation prediction methods
in Reports 338 and 564.

IWP 5/3 (Decision 5)
Influence of the non-ionized regions of the atmosphere on wave propagation
Chairman: F. Fedi (Italy) ,

The IWP met twice during the study period and prepared significant modifications to many of the basic
texts on radiometeorology. In addition, it was responsible for Report 1147 on the statistical assessment of data
which has particular relevance to current work in the Study Group concermng the testing of prediction methods
against measurement data. :

Further toplcs studied include:
— the vertical and horizontal structure of rain;
— the latitudinal behaviour of the height of the zero degree isotherm;

— frequency scaling;
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— the examination of rainfall rate data from low latitudes and the initiation of a CCIR rainfall intensity data
bank;

— the influence of cloud and fog at frequencies greater than about 20 GHz;
— tropospheric scintillation modelling and associated measurement data.

In addition to general studies of radiometeorological phenomena, a newly revised Decision 5 requests
specific studies on:

— climatology and natural variability of rain and its effects;

— meteorological data and models for attenuation prediction on Earth-space paths for time percentages from
0.1% to 10%.

IWP 5/5 (Decision 50)
Tropospheric propagation data for broadcasting and mobile services
Chairman: H. Berthod (France)

With two meetings, the work of the IWP has been dominated by the inter-sessional work for the, RARC
AFBC. In the preparation of the chapter on propagation for the CCIR Report to the Second Session of the
Conference, use was made of the valuable measurement data obtained from Burkina Faso, Tel Aviv and southern
Africa as well as studies undertaken on available refractivity data; material was also prepared relating to sharing
in TV Band V and to the use of circular polarization in television broadcasting.

, Additionally, the IWP has initiated a far-reaching reappraisal of the prediction method contained in

Recommendation 370 for the broadcasting service in the VHF and UHF bands, with a view to developing a
universal method for all point-to-area propagation paths, thereby including mobile systems. The IWP has also
been responsible for a thorough revision of Report 567 concerning land mobile propaganon data and prediction
methods. .

At the Final Meeting of the Study Group, it was decided to cancel Decision 50 and, in consequence, to
disband IWP 5/5. However, it was recognized that further work was required in connection with the terrestrial
broadcasting and land mobile services and as a consequence the Study Group invited the Chairman, in
consultation with the Director, CCIR, to identify the required studies which would subsequently be undertaken by
a new IWP. The terms of reference of this new Working Party (IWP 5/7) focus in partlcular on the specification
of a uniform prediction method suitable for both broadcasting and land mobile services.

JIWP ORB(2) (CCIR studies to be carried out in the inter-sessional period for submission to the Second Session
of the WARC ORB-88) ,

Study Group 5’s contribution to the JIWP was undertaken by a Special Rapporteur who, prior to the
meeting, reviewed the propagation information contained in Volume V relevant to the mter-sessmnal studies and
summarized it for subsequent reference by the JIWP.

JIWP AFBC(2)(CCIR preparatory work for the RARC AFBC(2))

During the study period, this JIWP held two meetings. Input from Study Group 5 was channelled mainly
through IWP 5/5 which prepared the chapter of the CCIR report addressing propagation.

Main results

At the Interim and Final Meetings of Study Group 5, additions and refinements were made to most of the
Study Group’s texts, new Recommendations and Reports were prepared and considerable time was.devoted to
updating Questions and Study Programmes. The additions and amendments made to the texts of all the sections of
Volume V are outlined briefly below.

Section 54 — Texts of general interest

Report 1144 was drafted on the establishment of radio-wave propagation data banks required for the
updating of existing prediction methods and the development of new methods. The Report gives formats for
presenting data on the various aspects of radio-wave propagation. Recommendation 311 was amended in the light
of the new Report. The introduction to the texts of Study Group 5 was updated. Additions and amendments were
made to Recommendation 310 “Definitions of terms relating to propagation in non-ionized media” and
Report 1007 “Probability distributions in radio-wave propagation”. It was decided not to reprint Report 227
“General methods of measuring the field strength and related parameters” in the next edition of Volume V, since
it is essentially a reference text. A cross-reference to Volume V of the XVIth CCIR Plenary Assembly, where the
Report appears, will suffice.



XVi

Section 5B — Effects of the ground (including ground-wave propagation)

‘Report 1145 was prepared entitled “Propagation over irregular terrain with and without vegetation”, in
which different approximation models of terrain irregularity and methods for predicting transmission loss over
irregular terrain are examined, and evaluations are given for attenuation due to the effects of woods and
bushland. Additions and amendments were made to Report 715 “Propagation by diffraction” and Report 1008
“Reflection from the surface of the Earth”. As for Report 227, the Study Group decided that Report 336 would
not be reprinted and that reference be made to the version contained in Volume V (Dubrovnik, 1986).

Section 5C — Effects of the atmosphere (radiometeorology)

Three new Recommendations were drafted: Recommendation 676 “Attenuation by atmospheric gases”,
Recommendation 677 “Radio emission from natural sources at frequencies above 50 MHz” and Recommenda-
tion 678 “Characterization of the natural variability of propagation phenomena”. Report 1147 was also prepared
entitled “Statistical assessment of data”, in which specific models are proposed for evaluating the variability of
propagation data. Additions and amendments were made to Report 563 “Radiometeorological data”; Report 721
“Attenuation by hydrometeors, in particular precipitation and other atmospheric particles”; Report 718 “Effects of
tropospheric refraction on radio-wave propagation”; Report 723 “Worst-month statistics”; Report 722 “Cross-
polarization due to the atmosphere”; Report 719 “Attenuation by atmospheric gases”; and Report 882 “Scattering
by precipitation”.

Section 5D — Aspects relative to the terrestrial broadcasting and mobile services

Additions and amendments were made to Report 567 “Propagation data and prediction methods for the
terrestrial land mobile . service using the frequency range 30 MHz to 3 GHz” concerning depolarization
phenomena, the effects’ of vegetation and buildings on field strength and the evaluation of multipath signal
structure. Some new findings were included in the text of Report 239 “Propagation statistics required for
broadcasting services using the frequency range 30 to 1000 MHz” and Report 562 “Propagation data required for
terrestrial broadcasting and point-to-multipoint communication systems in the frequency bands above 10 GHz”.

Section SE — Aspects relative to the terrestrial fixed service

Substantial amendments were made to the text of Recommendation 530 “Propagation data and prediction
methods required for the design of terrestrial line-of-sight systems”. This Recommendation now gives details of the
aspects of radio-wave propagation dealt with in Report 338 and applicable to such systems. Report 338 has been
supplemented with new information. New data have been included in Report 238 “Propagation data and
prediction methods required for terrestrial trans-horizon systems”.

Section SF — Aspects relative to space communication systems

Four new Recommendations were drafted. The first one, “Propagation data required for the design of
broadcasting-satellite systems”, proposes that the data given in Report 565 should be used for these systems. The
second, “Propagation data required for the design of Earth-space maritime mobile telecommunication systems”,
proposes that the data contained in Report 884 should be used for these systems. Recommendation 681
“Propagation data required for the design of Earth-space land mobile telecommunication systems”, proposes that
the methods given in Report 1009 should be used for these systems. Recommendation 682, “Propagation data
required for the design of Earth-space aeronautical mobile telecommunication systems”, proposes that the data in
Report 1148 should be used for these systems; the new Report describes the specific propagation effects of aircraft
flying at high altitudes and high speeds. Amendments were made to Recommendation 618, “Propagation data and
prediction methods required for the design of Earth-space telecommunication systems”. New data were added in
all the Section 5F Reports.

Section 5G — Propagation data required for the evaluation of interference: Space and terrestrial systems

Report 1146 on “Terrain scatter as a factor in interference” was prepared. Additions were made to Report
569 “The evaluation of propagation factors in interference problems between stations on the surface of the Earth
at frequencies above about 0.5 GHz” and Report 885 “Propagation data required for evaluating interference
between stations in space and those on the surface of the Earth”.
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Questions and Study Programmes

A great deal of work was done to bring the Questions and Study Programmes up to date. Priority was
‘given to formulating the Questions in such a way as to give sufficiently detailed guidelines for research into
aspects of propagation having regard to needs of the different services. On the basis of the existing Questions and
"Study Programmes, 13 new and two revised Questions were prepared:

Question 1-4/5
Question 2-5/5

Question 9/5

Question 10/5 h

Question 11/5

Question 12/5

Question 13/5

Question 14/5
Question 15/5
Question 16/5

Question 17/5

Question 18/5

Question 19/5
Question 20/5

Influence of the ground on propagation below 30 MHz

Radiometeorological data required for the planning of terrestrial and space communi-

_cation systems and space research applications

Propagation predictions taking into account detailed terrain features and digital
terrain data bases

Influence of terrain irregularities, vegetation and bulldmgs on tropospheric propaga-
tion

Propagation data required for the terrestrial broadcasting service in the frequency
range 30 MHz to 10 GHz

Propagation data required for the land moblle (terrestrial) service in the frequency
range 30 MHz to 10 GHz

Propagation data required for terrestrial broadcasting above 10 GHz
Propagation data and prediction methods required for line-of-sight systems
Propagation data and prediction methods required for trans-horizon systems

Propagation and noise data, and prediction methods, required for space telecommuni-
cation systems

Propagation data and prediction methods required for the satellite-broadcasting
service in the frequency bands above about 0.5 GHz

Propagation data and prediction methods required for satellite mobile and radiodeter-
mination services in the frequency bands above about 0.5 GHz

Propagation factors affecting frequency-sharing -

Scattering from'precipitation as a factor in interference between terrestrial and space

systems

—  Question 21/5 Terrain scatter as a factor in interference.

Main tasks for the next study period

; The most urgent task for the next study period is to work out standard methods of predicting the statistical
characteristics of signals for the various services. At present many of the Reports in Volume V unfortunately
contain alternative methods, usually based on national data. It is necessary to go on comparing these methods
with each other .and with the wealth of experimental data in the data banks. These comparisons should show
which methods are most acceptable, giving the required accuracy of prediction over the widest variety of climatic
and topographical conditions, so that they can be recommended for application world-wide.

. A routine task which continues to be important is to gather further experimental data on propagation in
different natural conditions and in different frequency bands having regard to the specific operational features of
different radio systems. :

The intensive development of mobile-satellite systems. (land, maritime, aeronautical, navigational) will
make it very necessary to do research into the effect of the environment on signal characteristics in these systems:
signal attenuation due to terrain irregularities, vegetation and buildings, wave scattering and reflection and
multipath.

The increasing popularity of high bit rate digital line-of-sight radio-relay systems makes it essential to
undertake experimental and theoretical research on amplitude-frequency and phase-frequency signal distortion,
which has an' extremely adverse effect on the operation of these systems. It will be particularly important to
investigate such distortion on flat paths, where the effect of reflections from the Earth’s surface is considerable
and a three-path statistical signal model has to be used to describe the processes.

As in the past, it will be necessary to continue efforts to determine the precise dependence of interfering
signal levels on distance, antenna height, frequency and climatic and topographical conditions.



SECTION 5A: TEXTS OF GENERAL INTEREST

INTRODUCTION TO TEXTS OF STUDY GROUPI 5

PROPAGATION IN NON-IONIZED MEDIA

It is the responsibility of Study Group 5 to study the propagatlon of radio waves (including radio noise):
— at the surface of the Earth,
— through the non-ionized regions of the Earth’s atmosphere,
— in outer space wherever the effect of ionization is negligible,

with the object of improving communications. Terrain effects are due either to the topography or to the electrical
characteristics of the Earth’s surface, and these effects occur throughout the radio-frequency spectrum. The most
important part of the non-ionized atmosphere is the troposphere. Its influence on propagation is of major
importance for frequencies above about 30 MHz, but becomes less important for decreasing frequencies.
Propagation in outer space is mamly an extension of the free-space concepts widely used in general calculations.
These factors therefore define the primary areas of activity of the Study Group.

The fundamental problem confronting a radiocommunications engineer in setting up a service is that he
must achieve a satisfactory wanted-to-unwanted signal ratio in analogue systems or a very low error ratio in
digital systems. In this context, the unwanted signal may include:

— noise arising in the terminal equipment or inherent in the system due to multrpath propagation (e. g intermod-
ulation noise in FM-FDM links);

— man-made noise, that is to say man-made radio noise as dlstmct from other sources of emissions;
— noise of natural origin, including extra terrestrial noise;

— echoes due to multipath;

— interference signals from other radio-communication systems.

The engineer must establish a signal adequate to satisfy performance requirements of the service in
question, given the circumstances in which it is to operate. To solve this problem, a knowledge is required of the
level and variation of the wanted signal on the one hand, and the unwanted signal on the other. The unwanted
signal level may or may not be controllable.

Data on the expected loss and fading of a signal are used to determine the power, the antenna
characteristics, the service range or the hop length, from which the performance of the service can be evaluated
for a particular percentage of the time (e.g. 99%) at a given receiving location or at a specified percentage. of
locations (e.g. 50%) within a reception area. Such propagation data are also required to evaluate the level of
interfering signals exceeded only for some small percentage of the time (e g. 0.1%), again at the reception point or -
reception points of concern. :

Propagation information can be gained most effectively from the collection and analysis of long-term
. measurement data. For example, measurements of received field strength resulting from a transmission on the
frequency of interest can provide statistics of the signal level to be expected. The usefulness of such data may be
increased significantly when simultaneous measurement is made of the dominant characteristic influencing the
propagation, for example, simultaneous measurements of rainfall rate and the received signal level from a satellite
transmission at gigahertz frequencies. In turn, these two sets of data can form the basis of 'a propagation
prediction method which may then be employed in other regions displaying similar propagation characteristics
(for example, similar rates of rainfall). The accuracy of such a prediction technique relies heavily on the extent
and quality of the data on which it was based, and in many regions of the world, the development of a-
satisfactory prediction method awaits the acquisition of a suitably large collection of measurement data.

Recommendations provide data and methods with sufficient reliability to be used for planning or
establishing services. Reports provide additional information and data or describe the provisional state of methods
which may eventually become Recommendations. In some reports a choice of methods is provided, none of
which is considered the preferred method.



One Report, World Atlas of Ground Conductivities (Report 717) is published separately. Study Group 5
has also prepared a Handbook of Curves for Radio-Wave Propagation over the Surface of the Earth. Data banks
of measured data for the testing of prediction methods contained in Volume V have been compiled by Study
'Group 5. Details of the data banks are found in Report 1144.

1. Types of service

Services may be broadly classified into two categories:
— point-to-point services; and :
— point-to-area services, for example, sound broadcast, television and the mobile services.

The above two categories of service may in general again be subdivided as follows:
— those in which the propagation paths are exclusively terrestrial; and
— those in which the propagation paths are Earth-space or space-space.

The terrestrial point-to-point services are planned with due regard to the topographical characteristics of
the propagation path between the points in question. In the case of terrestrial point-to-area services propagation
can be considered to take place over a multiplicity of individual paths, but up to now the problem of determining
service performance has mainly been considered on a basis of statistical coverage because of the practical
impossibility of making surveys of all the individual paths in question. However, the recent development of
suitable computer techniques together with improved estimation of propagation characteristics over typical paths
may allow a more rigorous approach to be made to the point-to-area problem.

2. Propagation characteristics

2.1 Frequency aspects

The propagation of radio waves along the transmission path is influenced by many factors, the relative
1mportance of which depends mainly on frequency. In the LF and MF bands, propagation is influenced strongly
by the electrical characteristics of the ground and, depending on the time of day and season, by the ionosphere.
Propagation in the HF band is dominated by ionospheric refraction, although at short distances, direct paths
between the transmitter and the receiver are affected by terrain obstructions. As the frequency increases through
the VHF band, ionospheric effects decrease in importance so that at VHF and UHF, propagation depends mainly
on terrain features and meteorological characteristics of the lower atmosphere, or troposphere. These last two
factors are also of fundamental importance at microwave frequencies but above about 6 GHz, the effects of rain
must also be taken into account; at frequencies above about-12 GHz, for example rain may become the dominant
con51deratlon

2.2 Terrain effects

When radio waves propagate over or through the Earth, the propagation characterlstlcs are determined by:
— the electrical properties of the surface of the Earth;

— the physical configuration of the surface of the ‘Earth, including vegetation and man-made structures of
arbitrary.dimensions.

At frequencies above about 30 MHz it is the physical configuration that matters most. The relevant effect
on overall transmission loss is determined by the frequency concerned, the electrical characteristics in question
and/or the topography of the terrain. It should be noted that in the case of tropospheric propagation near the
surface of the Earth terrain irregularities are important at all times.

23 Tropospheric effects

Waves - propagated through the non-ionized regions of the atmosphere are affected by the gaseous
constituents of the atmosphere and also by all forms of cloud and precipitation. The relative importance of these
factors depends on climate and on frequency. '

The gaseous constituents of the atmosphere influence propagation of radio waves both by the absorption
of energy and by the variations in refractive index, which cause reflection, refraction and scattering of the waves.
Absorption takes place principally due to the presence of oxygen, water vapour and liquid water and is not
significant at frequencies lower than about 3 GHz. However, while phenomena associated with variations in
refractive index are known to occur at frequencies lower than 30 MHz, such phenomena are primarily significant
in system planning at frequencies above about 30 MHz.



Clouds and precipitation influence propagation in two basic ways:
— by the absorption of part of the energy passing through them;
— by scattering and changing the polarization of radio waves.

Scattering clearly contributes to the attenuation of the forward beam, but is also important because it
deflects energy into other directions, including directly back towards the transmitter. Once again, these effects are
of importance at frequencies greater than about 3 GHz.

Changes in polarization occur when the scattering particles are non-spherical in shape In the case of
scattering by water particles there is significant associated attenuation, while in the case of ice pamcles the
attenuation is generally insignificant.

The variability in. propagation characteristics due to atmospheric effects is of paramount importance in
determining the interference likely to be experienced in radio systems, especially in those modes of propagatlon
associated with transmission well beyond the horizon.

24 Multipath

This covers all cases in which the effective received signal is made up of several components which arrive
at the receiving antenna over different transmission paths. These components may have differing phases and
differing amplitudes, and their relationships with one another may vary continuously with time. This phenomenon °
results from a multiplicity of paths in the troposphere, reflections from objects such as aircraft and buildings,
specular and diffuse reflections from the surface of the Earth, and from horizontal interfaces between different
layers in the atmosphere. Such multipath (which is the cause of all fast fading observed on radlo links) can
seriously degrade the quahty of a service, especially with regard to bandwidth. ‘

2.5 Radio noise

Study Group 5 is concerned with natural radio noise at frequencies above about 50 MHz which limits or
impairs systems which employ tropospheric propagation. Particular emphasis is placed on radio noise emitted by
oxygen and water vapour molecules in the atmosphere, extra-terrestrial noise from solar, planetary, galactic and
cosmic sources and thermal radio noise emitted by the Earth. (For other forms of radio noise, see Volume VI.)

3. Arrangement of texts

It is believed that the following arrangement of texts is most convenient for practical application of’
propagation data. However, it is important to recognize the inter-relationship between many propagation
characteristics. In many cases, the effects of more than one propagation mode are superimposed and a clear
understanding of the individual phenomena and their probablhty of occurrence is essential in evaluating the
overall effect on a particular system.

¥
Section 5A: Texts of general interest

This section consists of Recommendations on definitions of propagation terms, géneral propagation
concepts including the concept of transmission loss, the calculation of free-space attenuation and the presentation
of data in studies of tropospheric-wave propagation. Reports on . statistical distributions used in radio- -wave
propagation and on the measurements of field strength and related parameters are included. .

Section 5B: Effects of the ground (including ground-wave propagation)

This section contains Recommendations on ground-wave propagation curves for frequencies below
30 MHz and propagation by diffraction. The subjects of electrical characteristics of the surface of the Earth as
well as the influence of the ground on tropospheric propagation are dealt with in specific Reports.

Section 5C: Effects of the at}nosphere (radiometeorology)

This section contains information on the meteorological and physical characteristics of the atmosphere that
influence radio propagation. Information on the statistics of these atmospheric factors as well as their relation to a
variety of radio propagation effects are given, without discussing the impact of these effects on particular systems
or services. ‘ .



Section 5D: Aspects relative to the terrestrial broadcasting and mobile services

This section concerns studies and measurements for the development of the statistical methods and
propagation curves needed to predict the wanted and unwanted field strengths which have to be known for the
efficient operation of terrestrial broadcasting and mobile serv1ces and, if necessary, for the planning of these
services.

The section also considers the conditions required for interpreting and using these curves and methods in
relation to the variations of certain parameters, which can have substantial effects on practical applications, such
as receiving antenna height, nature of the propagation path, environment of the receiving location, etc., without
neglecting the parameters, which, whether or not changing the field strength, may affect the quality of services in
both analogue and digital systems. ' :

Section SE: Aspects relative to the terrestrial fixed service

This section' provides service-oriented information for planning terrestrial line-of-sight (radio-relay) paths
and trans-horizon (troposcatter) paths. -

Report 338 covers propagation effects that influence terrestrial line-of-sight paths, and gives detailed
prediction methods wherever this is possible. The primary concern is the prediction of signiﬁcant propagation
loss, and improvement that may be achieved by diversity systems, although consideration is also glven to
reduction in cross-polarization discrimination and distortion due to propagation effects.

Propagation data and prediction methods required for the design of trans-horizon radio-relay systems are
given in Report 238. The primary concern is the prediction of significant propagation loss, both for annual
statistics and for the worst month. Again, some consideration is given to diversity improvement.

Section 5F: Aspects relative to space telecommunication systems

Report 564 covers propagation data and prediction methods for Earth-space telecommunication systems.
Primarily, the Report is concerned with applications to satellite fixed services, although some of the methods are
applicable to other services. Attenuation may be caused by atmospheric gases, precipitation, clouds and by sand
and dust storms. Step-by-step prediction methods are given so far as is possible. Scintillation and multipath effects
are also described. Prediction of cross-polar performance is also important and prediction methods are given.
Estimation of propagation delays and bandwidth limitations are also covered.

The remaining four Reports cover specific problems relating to broadcasting from satellites (Report 565),
maritime mobile-satellite systems (Report 884), land mobile-satellite systems (Report 1009) and aeronautical
mobile-satellite systems (Report 1148). In each case there are specific problems in addition to those referred to in
Report 564. Prediction methods are given.

Section 5G: Propagation factors in interference: space and terrestrial systems

Reports in this section are directed towards the prediction of the possible occurrence of signal levels that
may give rise to co-channel interference, and propagation information for the calculation of coordination
distances. The former is covered in Report 569 for the prediction of interference that may occur between earth
stations and terrestrial stations or between terrestrial stations. Report 885 covers interference between stations in
space and those on the Earth’s surface. Propagation data for calculation of coordination distance are covered in
Report 724 for coordination between earth stations and terrestrial stations. Report 1010 covers coordination
between earth stations (which may be relatively closely spaced and using small antennas). Generally, within these
Reports, it has been found appropriate to separate consideration of prediction for clear-air conditions, and those
where scatter from hydrometeors may cause interference.
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RECOMMENDATION 525-1

CALCULATION -OF FREE-SPACE ATTENUATION

(1978-1982)
The CCIR,

" CONSIDERING

that free-space propagation is a fundamental reference for radio-engineering,

UNANIMOUSLY RECOMMENDS

that the methods in Annex I be used for the calculation of attenuation in free-space.

ANNEX I

1.  Introduction

As free-space propagation is often used as a reference in other CCIR texts, this Annex lists certain
relevant formulae, together with nomograms for rough graphical calculations which may be useful in many cases.

2. Basic formulae for telecommunication links

Free- space propagation may be calculated in two different ways each of which is adapted to a particular
type of service.

21 Point-to-area links

If there is a transmitter serving several randomly-distributed receivers (broadcasting, mobile service), the
field is calculated at a point located at some appropriate distance from the transmitter, and in a given dlrectlon
by the expression:

g Y/30p

in which: - .
E: is the r.m.s. field strength in volts per metre (Note 1)

p: 1isthe equlvalent isotropically radiated power (e.i.r.p.) of the transmitter in the dlrectlon of the point in
question (Note 2), in watts

d: is the distance from the transmitter to the point in question, in metres.
- Expression (1) is often replaced by (2) wh“.. uses practical units:

Epym = 173 VP _ 2

dkm

These two relations are shown in Fig. 1.

For antennas operating in free-space conditions the cymomotive force may be obtained by multiplying
_ together E and d in expression (1). Its dimension is volts.

Note 1. — If the wave is elliptically polarized_ and not linear, and if the electric field components along two
orthogonal axes are expressed by E, and E,, the left-hand term of equation (1) should be replaced by yE2 + EJ2.
E, and E, can be deduced only if the ax1a1 ratlo is known. E should be replaced by E}2 in the case of <:1rcular
polarlzatlon

Note 2. — In the case of antennas located at ground level and operating on relat1ve1y low frequencies with
vertical polarization, radiation is generally considered only in the upper half-space. This should be taken into
account in determining the e.i.r.p. (see Recommendation 368).



o Rec 525-1

Equivalent isotropic

Distance Free-space field radiated power
km dB(pV/m) 1=+ MW
. 800
4 V/m 30(1) 120 600
5" o0 - 400
6 . 300
M 400
b 300 = 10 200
9 200 o
10 100 3 kW
80
| mV/m 100 100 60
80
60 . 40 :
20 40 30
30 90 20
20 ’
30 10
8
-40 10 80 6
s ;
50 _ 6 ;
60
1) M 2
. 0
80 3 ,
90 2
100 1 .
-800 )
1 60 600 - ’
800 :
o 600 400
300
200 : 400
300 50 200
300 200 . w03 w
: 80
400 pV/m 100 40 60
500 :g 40
600 w0 30
700 20 20
8% % » -
00
1000 = 10
8
10 20 6
.: 4
, 3
2000 4
3 10 2
3000 . 2 + 1
. 800
4000 1 0 600
08
5000 : 06 400 .
- g - 300
6000 04 ¢
7000 03 10 200
8000 '
9000 - , 02
10000 100 =+ mw
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22 Point-to-point links ‘ ;

With a point-to-point link it is preferable to calculate the free-space attenuation between isotropic
antennas, also known as the basic free-space transmission loss (symbols: L, or 4y), as follows:

’

4nd :
L,; = 20 log (%) dB : - 0

in which: '
Ly the free-space basic transmission loss in dB,
d: the distance,
‘A the wavelength; and
dand A are e){pressed in fhe same unit.

Expression (3) can also be written using the frequency instead of the wavelength.
Lys = 32.5 + 20 10g fam, + 20 log di dB ‘ @)
Expressions (3) and (4) are shown in Fig. 2. - ‘

2.3 Relations between the characteristics of a plane wave -

There are also relations between the characteristics of a plane wave (or a wave which can be treated as a
plane wave) at a point: -

S - E? _4np,
T 120n A2

©®)

in which:
S: is the power flux-defisity in watts per square metre,
- E: is the rms. ﬁeld. strength in volts per metre,
pr: is the power in watts available from an isotropic antenna located at this point,
A : is the wavelength in metres.

Expression (5) is shown in Fig. 3.

3. The free-space basic transmission loss for a radar system (symbols: L, or Ay,)

Radar systems represent a special case because the signal is subjected to a loss while propagating both
from the transmitter to the target and from the target to the receiver. For radars using a common antenna for both
transmitter and receiver, a radar free-space basic transmission loss, L,,, can be written as follows: )

Ly = 103.4 + 20 log f + 40 log d — 10 log dB : (6)

in which;
‘6 the radar target cross-section in m?,
d: the distance from the radar to the target in km, and
f: the frequency of the system in MHz.

_ The radar target cross-section of an object is the ratio of the total isotropically equivalent scattered power
to the incident power density. ‘
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FIGURE 2 — Free-space attenuation between isotropic antennae
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7 Power rcéeivcd
Power Voltage  at isotropic
flux-density Field received across  antenna
dB(W/m?* uV/m 50 ohms dBW Frequency  Wavelength
‘ 3
-80 2000 2 -70
30 0 m
mv o1 , w0 F 8
800 o
1000 600 80 50 6
800 400 ' . 60 5
300 £ 50 4
-90 600 200 -90 '
500 MHz 100 - 3
400 vV 100
:g ~100 2
300 _ :
‘ ' 40 200
30
-100 200 ‘ -110 )
20 d00 L1
1 .a00 SF 80
100 6 -120 500 60
% 4 600 50
. 3 40
-10 60 2 -130 800 E
50 : ’ GHz 1 3% 30
40 1
g: -140 20
30 ' R
04 2
. 03
-120 20 -150
02 31 10cm
01 =F s 8
0083 460 ‘
10 0,06 } 5
3 0,04 : 65
003 s 4
-130 6 002 -170
5 : : 10 3
4 001
0,008 = 459 2
0006
3
0004 20
, 0,003 :
-140 -190
. 0002 3031
08
b 00005 «
' -200 ’
1 v 0,0006 50 0,6
08 00004 o 60 -3 05

FV[GURE 3 — Characteristics of a plane wave
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RECOMMENDATION 341-2*

THE CONCEPT OF TRANSMISSION LOSS
' FOR RADIO LINKS**

(1959-1982-1986)

The CCIR,
CONSIDERING
(a) that in a radio link between a transmitter and a receiver, the ratio between the power supplied by the

transmitter and the power available at the receiver input depends on several factors such as the losses in the
antennas or in the transmission feed lines, the attenuation due to the propagation mechanisms, the Iosses due to
faulty adjustment of the impedances or polarization, etc.;

(b) that it is desirable to standardize the terminology and notations employed to characterize transmission loss
and its components;

(c) that Recommendation 525 provides the free-space reference conditions for propagation,

UNANIMOUSLY RECOMMENDS

that, to describe the characteristics of a radio link involving a transmitter, a receiver, their antennas, the
associated circuits and the propagation medium, the following terms, definitions and notations should be
employed:

1. Total loss (of a radio link) *** (symbols: L; or 4))
The ratio, usually expressed in decibels, between the power supplied by the transmitter of a radio link and
the power supplied to the corresponding receiver in real installation, propagation and operational conditions.

Note. — It is necessary to spemfy in each case the points at which the power supphed by the transmitter and the-
power supplied to the receiver are determined, for example:

— before or after the radio frequency filters or multiplexers that may be employed at the sendmg or the
‘receiving end,

 — at the input or at the output of the transmitting and receiving antenna feed lines.

2. System loss (symbols: L; or A;)

The ratio, usually expressed in decibels, for a radio link, of the radio 'frequency power input to the
terminals of the transmitting antenna and the resultant radio frequency signal power available at the terminals of
the receiving antenna.

Note 1. — The available power is the maximum real power which a source can deliver to a load, i.e. the power
which would be delivered to the load if the impedances were conjugately matched.

Note 2. — The system loss may be expressed by:

L, = 10 log (p,/ps) = P, — P, dB ; (1)

where
p.: radio frequency power input to the terminals of the transmitting antenna and
. Pao: resultant radio frequency signal power available at the terminals of the receiving antenna.

Note 3. — The system loss excludes losses in feeder lines but includes all losses in radio-frequency circuits
associated with the antenna, such as ground losses, dielectric losses, antenna loading coil losses, and terminating
resistor losses.

This Recommendation should be brought to the attention of the CMV.

**  Throughout this Recommendation, capital letters are used to denote the ratios, expressed in decibels, of the corresponding

quantities designated with lower-case type, e.g. P, = 10 log p,. ‘P, is the input power to the transmlttmg antenna, expressed
in decibels relative to 1 W when p, is the input power in watts.

*** A graphical depiction of this and subsequent definitions is shown in Fig. 1.
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R . Free-space basic transmission loss .
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FIGURE 1 — Graphical depiction of terms used in the transmission loss concept
3. Transmission loss (of a radio link) (symbols: L or 4)

The ratio, usually expressed in decibels, for a radio link between the power radiated by the transmitting
antenna and the power that would be available at the receiving antenna output if there were no loss in the radlo
frequency circuits, assuming that the antenna radiation dlagrams are retained. -

Note 1. — The transmission loss may be expressed by: . o

L=L - L.,- L, dB )]

where L,, and ‘L,c are the losses, expressed in decibels, in .the transmitting and- receiving antennas circuits
respectively, excluding the dissipation' associated with the antennas radiation, i.e., the definitions of L, and L, are
10 log (r'/r), where r’ is the resisti've component of the antenna circuit and r is the radiation resistance.

Note 2. — Transmission loss is equal to system loss minus the loss in the radio frequency circuits assocmted with
the antennas.

4. Basic transmission loss (of a radio link) (symbols: L, or 4;)

The transmission loss that would occur if the antennas were replaced by isotropic antennas with the same
polarization- as the real antennas, the propagation path bemg retained, but the effects of obstacles close to the
antennas being disregarded. :

"Note 1. — The basic transmission loss is equal to the ratio of the equivalent isotropically radiated power of the
transmitter system to the power available from an isotropic receiving antenna.

Note 2. — The effect of the local ground close to the antenna is 1ncluded in computing the antenna gain, but not
in the basic transmission loss.
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5. Free-space basic transmission loss (symbols: L, or A4j)

The transmission loss that would occur if the antennas were replaced by isotropic antennas located in a
perfectly dielectric, homogeneous, isotropic and unlimited environment, the dlstance between the antennas being
retained (see Recommendation 525).

Note. — If the distance d between the antennas is much greater than the wavelength A, the free-space attenuatlon
in decibels will be: ‘

Ly = 20 log ( %ii) dB 3

6.  Ray path transmission loss (symbols: L, or 4,)

The transmission loss for a particular ray propagation path, equal to the basic transmission loss minus the
transmitting and receiving antenna gains in the ray path directions (see Annex I).

Note. — The ray path transmission loss may be expressed by:
L, = Lb - G' - G,- dB ) (4)

where ‘G, and G, are the plane-wave directive gains (see Annex 1) of the transmitting and receiving ‘antennas for
the directions of propagation and polarization considered.

7. Loss relative to free space (symbols: L, or 4,,)

The difference between the basic transmission loss and the free- space basic transmission loss, expressed in
decibels.

Note 1. — The loss relative to free space may be expressed by:
Lm=1Ly— Ly -~ dB . ©)
Note 2. — Loss relative to free space (L,,) may be d1v1ded into losses of different types, such as:

— absorption loss (1onospher1c atmospheric gases or prempltatlon)
— diffraction loss as for ground waves;

" — effective reflection or scattering loss as in the ionospheric case including the results of any focusmg or
defocusing due to curvature of a reflecting layer; :

— polarization coupling loss; this can arise from any polanzatlon mismatch between the antennas for the
particular ray path considered;

—  aperture-to-medium coupling loss or antenna gain degradation, which may be due to the presence of
substantial scatter phenomena on the path; -

— effect of wave interference between the direct ray and rays reflected from the ground, other obstacles or
atmospheric layers.

ANNEX I

1. Directivity

Directivity in a given direction is defined as the ratio of the intensity of radiation (the power per umt solid
angle (steradian)), in that direction, to the radiation intensity averaged over all directions.

When converting transmission loss, or, in specific cases, ray path transmission loss to basic transmission
loss the plane wave directivities for the transmitting and receiving antennas. at the particular direction and
polarization must be taken into account. In cases where the performance of the antenna is influenced by the
presence of local ground or other obstacles (which do not affect the path) the directivity is the value obtained with
the antenna in situ.

In the particular case of ground wave propagation with antennas located on or near the ground, although
the directivity of the receiving antenna G, is determined by the above definition, the aperture for signal capture,
and hence the available power, is reduced below its free-space value. Thus the value to be used for G, must be
reduced (see Annex II),
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2. ~ Reference standard antennas

In the study of propagation over radio links in different frequency bands, a number of reference antennas
are used and referred to in CCIR texts. According to Recommendatlon 311 this reference should be clearly
defined in each case with respect to an isotropic antenna.

The power gain of an antenna is defined as the ratio, usually expressed in decibels, of the power required
at the input of a loss-free reference antenna to the power supplied to the input of the given antenna to produce, in
a given direction, the same field strength or the same power flux-density at the same distance. When not specified
otherwise, the gain refers to the direction of maximum radiation. The gain may be considered for a spec1ﬁed
polarization.

Depending on the choice of the reference antenna a distinction is made between:
(a) absolute or isotropic gain (G;), when the reference antenna is an isotropic antenna isolated in space;

(b) gain relative to a half-wave dipole (G,), “when the reference antenna is a half-wave dipole isolated in space,
whose equatorial plane contains the given direction;

(c) gain relative to a short vertical antenna (G,), when the reference antenna is a linear conductor much shorter
than one quarter of the wavelength, normal to the surface of a perfectly conducting plane which contains the
given direction.

(The power gain corresponds to the maximum directivity for lossless antennas.)

Table I gives the directivity G, for some typical reference antennas. The corresponding values of the
cymomotive force are also shown for a radiated power of 1 kW

TABLE I — Directivity for typical reference antennas and its relation to cymomotive force

‘ G,(" Cymomotive force for a
Reference antenna g ! radiated power of 1 kW
N (dB)
(4)]
Isotropic in free space - 1 : 0 - 173
Hertzian dipole in free space 1.5 1.75 ) 212
Half-wave dipole in free space 1.65 2.15 222
Hertzian dipole, or a short vertical
monopole on a perfectly oonductmg
ground (%) ‘ 3 48 ' 300
Quarter wave monopole on a perfectly : '
conducting ground 33 5.2 314

(") G,=101log g
The values of G, (g,) equal the values of G, (g;) for antennas in free space. See Annex II for values of G, for antennas
on a perfectly conducting ground.

(3 In the case of the hertzian dipole, it is assumed that the antenna is near a perfectly conducting ground.

ANNEX II

Influence of the environment on the antennas

When antennas are installed on or near the ground and the ground-wave propagation mode is used
(i.e. h < A, particularly when using frequencies less than 30 MHz) the free-space value of the antenna radiation
resistance is modified by the presence of the ground. Consequently the power flux-density at the receiving antenna -
(resulting from the vector sum of direct and reflected rays) is dependent on the height of the transmitting antenna,
and the effective capture area of the receiving antenna is dependent on the height of the antenna above the
ground. :
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The influence of the environment on the operation of a pair of antennas (forming an elementary circuit) is
illustrated by considering the transmission loss between two vertical loss-free short electric dipoles at heights A,
and h, above a plane perfectly conducting surface. The separation, d, along the surface is very large compared to
the wavelength. The power flux-density S in W/m? at height A, is given by:

. plcosty . s ,
§=—"——"— x 1.5| 2 cos (kh, sin 6
 4nd’(1 + A) [2 cos ckhesin v | ©
The following should be noted:
— the distance between the antennas is increaséd to dsecy

where

r 1

Yy = arc tan -

— - the electric field due to the dipole varies as cos y;

— the free-space radiation resistance is multiplied by (1 + A)),

where
= 3 . [ sin 2. kh, — cos 2 kh, ‘ n*
2 kh,)? 2 kh, _ :
where
k = 2n/A
when

h =0,A, = 1;,when h, > A, A, > O;
— due to the vector addmon of the direct and reflected rays the free-space value of the power flux is multlplled
by
[ 2 cos (kh, sin y) ]2
1+ A)

This is equivalent to the change in directive gain due to the presence of the reflecting surface. The
multiplying factor has the value of 2 when h, = h, = 0.

The effective capture area of the receiving antenna is given by:

1.5 A2 cos? y

a, =
The following should bé noted:

— the capture area in the direction of the transmitting antenna is decreased by cos? y;

— the change in radiation resistance is based on equation (7), where A, and h, are 'replaced by A, and h,;
2
COoS

I+ Ay
reduces the capture area below its free-space value by a factor of 2 when h, = h, = 0;

— the free-space value of the'capture area is multiplied by ; thus the presence of the reflectmg surface

— since g, has the value 2 x 1.5 (by definition) when A, = h, = 0 it is important to note that this is not the
appropriate value to use for g,; the correct value for g, is 1.5/2 = g,/4.

*  This relation is derived by S. A. Schelkunoff in Chapters VI and IX of the book Electromagnetic Waves, D. Van Nostrand
Co., 1943.
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Since p, = Sa, expressions (6) and (8) may be combined to give an expressioh for the transmission loss

between two short vertical loss-free electric dipoles above a plane perfectly conducting surface.

o
- L = Ly — 60 — 10 log [(1.5 cos? yy? \Co8” khisin ) ] dB
: | Y A+ A)d + A

Consider two cases.
h = h = 0; Ai= A, = 1 y=0
L= Ly~ 35 dB
Thus L is equal to the free-space value.

hl=hr>)"; . A1=Ar'—’0» IIJ—>0

L= Ly-35-6.0 dB

®
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RECOMMENDATION 311-5

* ACQUISITION, PRESENTATION AND ANALYSIS OF DATA
IN STUDIES OF TROPOSPHERIC-WAVE PROPAGATION -

(1953-1956-1959-1’970-1974—1978—1982-1990) .

The CCIR,
CONSIDERING

that, to facilitate the comparison of results, it is desirable to acquire and present propagation data in a
uniform manner,

UNANIMOUSLY RECOMMENDS

1. that the information contained in Report 1144 should be applied:

—  for the selection of the relevant parameters for measuring or calculating propagation data,
— for the presentation of results;

2. that for the analysis of data, the probability distributions déscribed in Report 1007 should be used.



The CCIR,

Al.

A2.

A3.

Ad.

B1.

B2.

B3.

B4.

BS.

*
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RECOMMENDATION 310-7*

DEFINITIONS OF TERMS RELATING TO PROPAG‘ATION
IN NON-IONIZED MEDIA

(1951-1959-1966-1970-1974-1978-1982-1986-1990)

CONSIDERING

that it is important to have agreed definitions of propagation terms used in Volume V,

UNANIMOUSLY RECOMMENDS

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

VOCABULARY OF TERMS USED IN RADIO PROPAGATION IN NON-IONIZED MEDIA

Term Definition

Terms related to radio waves.

Cross-polarization " The appearance, in the course of propagation, of a polarization component which
is orthogonal to the expected polarization. ,

Cross-polarization For a radio wave transmitted with a given polarization, the ratio at the reception

discrimination . point of the power received with the expected polarlzatlon to the power received

with the orthogonal polarization.

Note — The cross-polarization discrimination depends both on the characteristics
of the antennas and on the propagation medium.

Cross-polarization For two radio waves transmitted at the same frequency with the same power and
isolation orthogonal polarization, the ratio of the co-polarized power in a given receiver to
the cross-polarized power in that receiver.

Depolarization A phenomenon by virtue of which all or part of the power of a radio wave
transmitted with a defined polarization may no longer have a defined polarization
after propagation. ’ :

- Terms related to ground effects on radio-wave propagation

Free-space Propagation of an electromagnetic wave in a homogeneous ideal dielectric medinm
propagation which may be considered of infinite extent in all directions.

Note — For propagation in free space, the magnitude of each vector of the
electromagnetic field in any given direction from the source beyond a suitable
distance determined by the size of the source and the wavelength is proportional
to the reciprocal of the distance from the source.

Line of sight Propagation between two points for which the direct ray is sufﬁcwntly clear of
propagation obstacles for diffraction to be of negligible effect.
Radio horizon The locus of points at which the direct rays from a point source of radio waves

are tangential to the surface of the Earth.

Note — As a general rule, the radio and geometric horizons are different because
of atmospheric refraction.

Penetration depth The depth within the Earth at which the amplitude of a radio wave incident at the '
: surface falls to a value 1/¢ (0.368) of its value at the surface.

Smooth surface; A surface separating two media which is large compared to the wavelength of the

specular surface incident wave and the irregularities of which are sufficiently small to cause

specular reflection.

This Recommendation should be brought to the attention of the CCV.
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B6.

B7.

BS.

B9.

C1.

C2.
C3.
C4.

Cs.

Cé6.
C7.

C8.

Co.

C10.

Ct1.

C12. Reference atmosphere

‘Rough surface

Diffuse reflection
coefficient

Measure of terrain
irregularity; Ah

Obstacle gain
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A surface separating two media which is large compared to the wavelength of the
incident wave and the irregularities of which are randomly located and cause

- diffuse reflection.

The ratio of the amplitude of the incoherent wave reflected from a rough surface
to the amplitude of the incident wave.

A statistical parameter which characterizes the variations in ground height along
part or all of a propagation path.

Note — For example, Ah is often defined as the difference between the heights
exceeded by 10% and 90% respectively of the terrain heights measured at regular
intervals (the interdecile height range) along a specified section of a path.-

The ratio of the electromagnetic field due to edge diffraction by an isolated
obstacle to the field which would occur due only to spherical diffraction in the
absence of the obstacle. : ‘

Terms related to tropospheric effects on radio-wave propagation

Troposphere

Temperature inversion

(in the troposphere)

Mixing ratio
Refractive index; n

Refractivity; N

N-unit

Modified refractive
index

Refractive
modulus; M

M-unit

Standard refractivity
gradient

Standard radio
atmosphere

Sor refraction

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. This part of the atmosphere extends to an altitude of about -
9 km at the Earth’s poles and 17 km at the equator. - )

An increase in temperature with height in troposphere.

The ratio of the mass of water vapour to the mass of dry air in a glven volume of
air (generally expressed in g/kg).

Ratio of the speed of radio waves in vacuo to the speed in the medium under
consideration. '

One million times the amount by which the refractive index n in the atmosphere
exceeds unity:

N=(n— 1) 10

A dimensionless unit in terms of which refractivity is expressed.

The sum of the refractive index n of the air at height h and the ratio of this height
to the radius of the Earth, a:

One million times the amount by which the modified refractive index exceeds
unity:

+1’—1)1o6=N+106f
a a

M= (n
A dimensionless unit in terms of which refractive modulus M is expressed.

A standard value of vertical gradient of fefractivity used in refraction studies;
namely —40 N/km. This corresponds approximately to the median value of the
gradlent in the first kilometre of altitude in temperate regions.

An atmosphere having the standard refractivity gradient.

An atmosphere in which n(h) decreases with height as given by equation (2) of
Recommendation 369.



C13.
Cl4.

C15.

C1e.

C17.

C18.

C19.
C20.
C21.
C22.

Cc23.

C24.

C25.

C26.

Sub-refraction
Super refraction

Effective radius of
the Earth

Effective
Earth-radius
factor; k

Ducting layer

Tropospheric
radio-duct

Ground-based duct
(Surface duct)
Elevated duct .
Duct thickness

Duct height

‘Duct intensity

Ducting

Trans-horizon -
propagation

Tropospheric-scatter
propagation
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Refraction for which the refractivity gradient is greater than the standard refrac-
tivity gradient.

Refraction for which the refractmty gradient is less than the standard refractivity
gradient.

Radius of a hypothetical spherical Earth, without atmosphere, for which propaga-
tion paths are along straight lines, the heights and ground distances being the
same as for the actual Earth in an atmosphere with a constant vertical gradient of
refractivity.

Note 1 — The concept of effective radius of the Earth implies that the angles with
the horizontal planes made at all points by the transmission paths are not too
large.

Note 2 — For an atmosphere\having a standard refractivity gradient, the effective
radius of the Earth is about 4/3 that of the actual radius, which corresponds to
approximately 8500 km.

Ratio of the effective fadius of the Earth to the actual Earth radius.

Note — This factor k is related to the vertical gradient dn/dh of the refractive

‘index n and to the actual Earth radius a by the equation:

1

1+a@
dh

k_—.-.

A troposphenc layer characterized by a negative M gradlent which consequently
may generate a tropospheric radlo duct.

A quasi-horizontal stratification in the tropospheré within which radio energy of a
sufficiently high frequency is substantially confined and propagates with much
lower attenuation than would be obtained in a homogeneous atmosphere.

Note — The tropospheric radio-duct consists of a ducting layer and, in the case
of an elevated duct, the portion of the underlying atmosphere in which the
refractive modulus exceeds the minimum value attained in the ducting layer.

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.

The -difference between the maximum and minimum values of the refractive
modulus in a tropospheric radio-duct.

" Note — The intensity of a duct is the same as that of its ducting layer.

Guided propagation of radio waves inside a tropospheric radio-duct.

. t .
Note — At sufficiently high frequencies, a number of electromagnetic modes of
guided propagation can coexist in the same tropospheric radio-duct.

Tropospheric propagation between points close to the ground, the reception pomt
being beyond the radlo horizon of the transmission point.

Note — Trans-horizon propagation may be due to a variety of tropospheric
mechanisms such as diffraction, scattering, reflection from tropospheric layers.
However ducting is not included because in a duct there is no radio horizon.

Tropospheric propagation due to scattering from many inhomogeneities and
discontinuities in the refractive index of the atmosphere.
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C27.

C28.
C29.
C30.

C31.

. C32.

C33.

Hydrometeors

Aerosols

Precipitation-scatter

propagation

Multipath
propagation

Scintillation

Gain degradation;
antenna to medium
coupling loss

Precipitation rate;
rainfall rate;
rain rate
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Concentrations of water or ice particles which may exist in the atmosphere or be
deposited on the surface of the Earth.
Note — Rain, fog, clouds, snow and hail are the main hydrometeors.

Small particles in the atmosphere (other than fog or cloud droplets) which do not
fall rapidly under gravity.

Tropospheric propagation due to scattering caused by hydrometeors, mainly rain.

Propagation of the same radio signal between a transmission point and a reception
point over a number of separate propagation paths.

Rapid and random fluctuation in one or more of the characteristics (amplitude,
phase, polarization, direction of arrival) of a received signal, caused by fluctua-
tions in the refractive index of the transmission medium.

" The apparent decrease in the sum of the gains (expressed in decibels) of the

transmitting and receiving antennas when significant scattering effects occur on the
propagation path.

A measure of the intensity of precipitation expressed by the height of water
reaching the ground per unit time.

Note — Rain rate is- generally expressed in millimetres per hour.
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SECTION 5B: EFFECTS OF THE GROUND (INCLUDING GROUND-WAVE PROPAGATION)

RECOMMENDATION 368-6*

GROUND-WAVE PROPAGATION CURVES FOR FREQUENCIES
BETWEEN 10 kHz AND 30 MHz

(1951-1959-1963-1970-1974-1978-1982-1986-1990)

The CCIR,

CONSIDERING

that, in view of the complex1ty of the calculation, it is useful to have a set of ground-wave curves for a ,
range of standard frequency values and ground characterlstlcs

UNANIMOUSLY RECOMMENDS

1. that the curves of Annex I, applied in the conditions specified below, should be used for the determination
. of ground-wave field strength at frequencies between 10 kHz and 30 MHz;

2. . that, as a general rule, these curves should be used to determine field strength only when it is known that
ionospheric reflections will be negligible in amplitude. Ionospheric propagation is treated in Volume VI;

3. that these curves not be used in those applications for which the receiving antenna is located well above
the surface of the Earth;

Note. — That is, when €, € 60 Ao the curves may be used up to a height h = 1.2 672232,

4. . that these curves, plotted for homogeneous paths under the conditions established in Annex I, may also be
used to determine the field strength over mixed paths as indicated in Annex II.

ANNEX I

CONDITIONS OF VALIDITY (HOMOGENEOUS PATHS)

The propagation curves in this Recommendation are calculated for the following assumptions:
— they refer to smooth homogenous spherical Earth;

— in the troposphere, the refractlve index decreases exponentially with height, as described in Recommenda-
tion 369;

— both the transmitting and the receiving antennas are at ground level;

— the radiating element is a short vertical monopole. (The equivalent dipole moment is 5A/2n, see Report 714.)
Assuming such a vertical antenna to be on the surface of a perfectly conducting plane Earth, and excited so
as to radiate 1 kW, the field strength at a distance of 1 km would be 300 mV/m; this corresponds to a
cymomotive force of 300 V (see Recommendation 525);

'— the curves are drawn for distances measured around the curved surface of the Earth;

— the curves give the value of the vertical field-strength component of the radiation field, i.e. that which can be
cffectlvely measured in the far-field region of the antenna.

This. Recommendation is brought to the attention of Study Groups 8 and 10.
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FIGURE 3 — Ground-wave propagation curves; Fresh water, 6 = 3 X 10-3 S/m, ¢ = 80
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FIGURE 4 — Ground-wave propagation curves; Land, c = 3 X 10-2 S§/m, ¢ = 40
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FIGURE 5 — Ground-wave propagation curves; Wet ground, c = 10-2 S/m, ¢ = 30
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Note 1 — The inverse-distance curve shown in the figures, to which the curves are asymptotic at short distances,
passes through the field value of 300 mV/m at a distance of 1 km. To refer the curves to other reference antennas,
see Table I of Recommendation 341.

Note 2 — The GRWAVE program and the methods described in Report 714 have been used for these calcula-.
tions.

Note 3 — The basic transmission loss corresponding to the same conditions for which the curves were computed
may be obtained from the value of field strength E (dB(uV/m)) by using the following equation:

Ly = 4; = 142.0 + 20 log fmu, — E dB

For the influence of the environment on both the transmitting and the receiving ant'enna, refer to
Recommendation 341. .
Note 4 — The curves give the total field at distance, r, with an error less than 1 dB when kr is greater than about

10, where k = 2n/A. Near-field (i.e. induction and static field) effects may be included by 1ncreasmg the field
strength (in decibels) by:

1 1 ‘
10 log »{l— kry + W} |

This gives the total field within + 01 dB for sea and wet ground, and within + 1 dB for any ground
conductivity greater than 103 S/m. S .

Note 5 — For either antenna, if the antenna site location is higher than the average terrain elevation along the
path between the antennas, then the effective antenna height is the antenna height above the average terrain.
elevation along the path. This effective antenna height value should be compared to the computed value of
antenna height limit in RECOMMENDS 3 to determine if the curves are valid for the path.

“ANNEX II

APPLICATION TO MIXED PATHS

1L The curves of Annex I may be used for the determination of propagatlon over mixed paths (non-
homogeneous smooth earth) as follows: :

Such paths may be made up of sections S, S,, Ss, etc., of lengths d,, d,, d3, etc., having conduct1v1ty and
permittivity oy, €, ; 02, & O3, €3, etc., as shown below for three sections:

T $,(0,.€,) $,(0,.,) $,(0,,€,) R

‘dy d, d,

There are various semi-empirical methods of determining the prdpagation over such paths, of which that
due to Millington [1949] is the most accurate and has been made to satisfy the reciprocity condition. The method’
assumes that the curves are available for the different types of terrain in the sections S;, S,, S;, etc., assumed to
be individually homogeneous, all drawn for the same source T defined, for instance, by a glven inverse-distance
curve. The values may then finally be scaled up for any other source.

For a given frequency, the curve appropriate to the section S; is then chosen and the field E,(d;) in
dB(uV/m) at the distance d; is then noted. The curve for the section S, is then used to find the fields E,(d;)
and E,(d; + d;) and, similarly, with the curve for the section S;, the fields E;(d, + 4,) and E(d| + & + &)
are found, and so on.

A received field strength Ey is then defined by:

 Ex = E(d)) — Ey(d)) + Exdy + d3) — Ex(d; + d3) + Ex(d, + dy + ds) )
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The procedure is then reversed, and calling R the transmitter and T the receiver, a field E; is obtained,
given by

Er = Ei(ds) — Exd;) + Exd; + dy) — Ey(ds + dy) + E(ds + dy + d)) 9))]

The required field is given by 2 [Ex + E7], the extension to more sections being obvious.

The method can in principle be extended to phase changes if the corresponding curves for phase as a
function of distance over a homogeneous earth are available. Such information would be necessary for application
to navigational systems. The Millington method is generally easy to use, particularly with the aid of a-computer.

2. For planning purposes where the coverage of a certain transmitter is needed, a graphical procedure, based
on the same method, is convenient for a rough and quick estimation of the distance at which the field strength has
a certain value. '

A short description of the graphical method is given here.

Figure 12 applies to a path having two different sections characterized by the values oy, & and o, &, and
extending for distances d; and d, respectively. It is supposed that the modulus of the complex permittivity*
(dielectric constant) | €'(cy, € )| is greater than |¢'(o;, &) |. For the distances d > d, the field-strength curve
obtained by the Millington method (§ 1) lies between the curves corresponding to the two different electrical
properties E(o;, €) and E(0,, €). At the distance d = 2 d,, where d, is the distance from the transmitter to the
border separating the two sections, the Millington curve goes through the mid-point between the curves E(o,, g)
and E(o,, &) provided that the field strength is labelled linearly in decibels. In addition, the same curve
approaches an asymptote, which differs by m dB from the curve E(o,, &) as indicated in Fig. 12, where m is half
the difference in decibels between the two curves E(c;, €) and E(o,, €,) at d = d,. The point at d = 2 d, and
the asymptote make it easy to draw the resulting field-strengh curve. : g

(01,¢) (03,€5)

Field strength (dB)

d=d, ' d=2d,
Distance (km)

- FIGURE 12 — Comparison of results

A: Millington field-strength curve
B: Asymptote

*  See Report 229.
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Figure 13 shows the Millington curve for a two-section path with electrical constants changing from o, &,
to oy, &; where the modulus of the complex permittivity |&'(c(, &)| > |¢€(02, &) | The above-mentioned
procedure can be applied here bearing in mind that the asymptote is now parallel to the curve of the E(o, €).

Field strength (dB)

d=d, d=2d,
Distance (km)

FIGURE 13 — Comparison of results

A Millington field-strength curve
‘B: Asymptote

For paths consisting of more than two sections, each change can be considered separately in the same way
as the first change. The resulting curve has to be a continuous curve, and the portlons of curves are dlsplaced
parallel to the extrapolated curve at the end of the previous section.

For the use of the graphical method it would be convenient to have ground-wave propagation curves for
some different sets of electrical constants at each frequency concerned. Such curves may be prepared from the
curves of Annex I. However, suitable curves for the LF and MF bands can be found in Report 7 17 (published
separately), which also contains samples of calculations over mixed paths.

The accuracy of the graphical method is dependent on the difference in slope of the field-strength curves,
and its therefore to an extent dependent on the frequency. For the LF band, the difference between the method
described in § 1 and this approximate method is normally negligible, but for the highest part of the MF band the

differences in most cases will not exceed 3 dB. A full description of the graphical method is given in
Stokke [1975]. : .
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RECOMMENDATION 526-1

PROPAGATION BY DIFFRACTION
‘ (1978-1982)

The CCIR,

CONSIDERING

that there is a need to provide engineering information for the calculation of field strengths over
diffraction paths, : ' '

UNANIMOUSLY RECOMMENDS

that the information contained in Report 715 be used for calculation of field strengths over diffraction
paths. '
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RECOMMENDATION 527-2

ELECTRICAL CHARACTERISTICS OF THE SURFACE OF THE EARTH"®

(1978-1982-1990)

The CCIR,
CONSIDERING
(a) that ground-wave propagation is mainly governed by the electrical characteristics of the ground, including

its vegetation; and the extent to which lower strata influence the effective values of the electrical characteristics of
the Earth depends on the depth of penetration of the radio energy; '

(b) that values of the relative permittivity and the conductivity are needed as a function of frequency for
various types of surface;

(c) . that information on the variation of the penetration depth with frequency is required,

UNANIMOUSLY RECOMMENDS

that the curves in Annex I be used in the calculation of ground-wave field strength at the frequencies
concerned and under the conditions stated.

ANNEX 1

The following points are to be especially noted with regard to the curves:

— The values of relative permittivity (dielectric constant) and conductivity in Fig. 1 for different types of ground
indicate the approximate range of values which may be met under different conditions, but in extreme cases
values outside this range may occur. In very wet fertile areas higher values of conductivity will be found,
while in mountainous and arctic regions the conductivity at frequencies below 100 MHz may be as low as
1075 S/m. Also in cases of snow-covered ground, lower values of permittivity than shown in curve E of
Fig. 1 may be encountered. The water in lakes and rivers has a conductivity that increases with the
concentration of impurities. -

— At low frequencies, except for sea water, strata down to a depth of 100 m or more must be taken into
account as shown in Fig. 2. This is of particular importance when the upper strata are of lower conductivity
and the energy can therefore penetrate more readlly to lower levels. Such cases, for example, occur for
ice-covered lakes and ocean areas.

— A description of attenuation due to vegetation is given in Report‘ 1145S.

See also Report 229.
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SECTION 5C: EFFECTS OF THE ATMOSPHERE (RADIOMETEOROLOGY,)

RECOMMENDATION 369-4

REFERENCE ATMOSPHERE FOR REFRACTION

(Question 2/5)
(1959-1963-1966-1978-1982-1990)

The CCIR, , . - a
CONSIDERING

(a) that the dependence of the refractive index n of the atmosphere at radio frequencies upon the height h is
well expressed by an exponential law: '

cnh) =1 ;i-.a X exé(—bh) (1)
where a and b are parametersb which can be determined statistically for different clirﬂates,
(b) that there is a need for a common reference to facilitate compar'isons of calculation,
UNANIMOUSLY RECOMMENDS
that the reference atmosphere for refraction be given by the following f01:mu1a: ‘
| n(h) = 1 + 315 x 105 x exp(—0.136 h) ‘ e

where A ‘is the height above sea level (km).
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RECOMMENDATION 453-2

THE FORMULA FOR THE RADIO REFRACTIVE INDEX

(Question 2/5)
(1970-1986-1990)

The CCIR,

CONSIDERING

the necessity of utilizing a single formula for calculation of the index of refraction of the atmosphere,

UNANIMOUSLY RECOMMENDS
that the atmospheric radio refractive index, n, be given by the following formula:
n=1+ Nx 107¢ _ 6))

where
N is the refractivity expressed by:
71.6 - ’
N= 10 (P + 4810 —e) | )
. : T
P: atmospheric pressure (mb),*

e: water vapour pressure (mb),*

T: absolute temperature (K).

It should be noted that the World Meteorological Organization has recofnmended the adoption of hPa, which is
numerically identical to mb, as the unit of atmospheric pressure.
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" RECOMMENDATION 676

ATTENUATION BY ATMOSPHERIC GASES

(Question 2/5)
(1990)

The CCIR,

CONSIDERING

the necessity of estimating the attenuation by atmospheric gases on terrestrial and slant paths,

UNANIMOUSLY RECOMMENDS

that the procedures specified in Report 719 be used for the calculation of attenuation by atmospheric
gases. '
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RECOMMENDATION 677

RADIO EMISSION FROM NATURAL SOURCES AT FREQUENCIES ABOVE 50 MHz

(Quesﬁon 2/5)
(1990)

The CCIR,

CONSIDERING

that knowledge of the sky.brightness temperature is. required for assessing the limitations of system'
performance by noise, .

UNANIMOUSLY RECOMMENDS

the use of Report 720 for the calculation of sky brightness temperature for frequencies above 50 MHz.
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RECOMMENDATION 678

CHARACTERIZATION OF THE NATURAL VARIABILITY
OF PROPAGATION PHENOMENA

(Question 2/5)

(1990)
The CCIR,
CONSIDERING
(a) that knowledge of the natural variability of propagation phenomena is required for use in telecommunica-
tion system design;
(b) that a prediction procedure exists for the estimation of the statistics of the year-to-year variations in the’
annual worst month time fraction of excess as defined in Recommendation 581,
" UNANIMOUSLY RECOMMENDS
1. that Fig. 2 of Report 723 be used for the estimation of the expected year-to-year variation of the annual
worst month time fraction of excess; :
2. that the expected variation about a long-term average predicted value be reported as a function of return

period.

Note — The return period is defined as 1/p where p is the probability of exceeding the specified value in an
analysis interval. For example, the median value of a long series of annual worst month time fraction of excess
values would have a 2 year return period."
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RECOMMENDATION 581-2 -

THE CONCEPT OF “WORST MONTH”

(Question 2/5)
' (1982-1986-1990)

The CCIR,
~ CONSIDERING
(d) that performance criteria for radiocommunication systems often refer to “any month” as the period of
reference;
(b) that for the design of such systems it is necessary to have statistics of propagation effects that are relevant

to the period of reference of the performance criteria;

- (c) that consequently there is a need for an unambiguous definition for the period of reference,

UNANIMOUSLY RECOMMENDS

-

1. that the fraction of time during which a preselected threshold is exceeded in the worst month of a year is
referred to as “the annual worst-month time fraction of excess”

2. that the statistic relevant for the performance criteria referring to “any month” is the long-term average of
the annual worst-month time fraction of excess; ‘ .

3. that the worst month of a year for a preselected threshold for any performance degrading mechanism, be
that month-in a period of twelve consecutive calendar months, during which the threshold is exceeded for the
longest time. The worst month is not necessarily the same month for all threshold levels.

Note — Report 723 presents a model for the conversion of the average annual time fraction of excess to the
average annual worst-month time fraction of excess. Global values of the parameters of this model are given, as
well as more detalled values for several regions of the world.
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SECTION SD: ASPECTS RELATIVE TO THE TERRESTR[AL BROADCAST]NG
’ AND MOBILE SERVICES

RECOMMENDATION 370-5*

VHF AND UHF PROPAGATION CURVES FOR THE FREQUENCY
RANGE FROM 30 MHz TO 1000 MHz **
Broadcasting services

(Study Programme 7D/5)

(1951-1953-1956-1959-1963-1966-1974-1978-1982-1986)

The CCIR,
,
CONSIDERING
(a) that there is a need to give guidance to engineers in the planning of broadcast services in the VHF and

UHF bands for all climatic conditions;

(b) 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 con51derable amount of experimental data
(see Report 239),

UNANIMOUSLY RECOMMENDS

that the curves given in Annex I be adopted for provisional use with the following conditions:

1. The field strengths have been adjusted to correspond to a power of 1 kW radiated from a half-wave
dipole. ‘
2. The curves are based upon measurement data mainly relating to tempefate climates containing “cold” and

“warm” seas, e.g. the North Sea and the Mediterranean Sea. Recent extensive studies reveal that propagation
conditions in certain areas of super-refractivity bounded by “hot” seas are substantially different. Interim
proposals for dealing with this situation are contained in § 3.6 of Report 239.

3. The helght 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.

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

5. The parameter Ah (see Recommendation 310) is used to define the degree of terrain irregularity; for
broadcasting services it is applied in the range 10 km to 50 km from the transmitter (see Fig. 6 and Report 239).

6. Methods for determining field strengths over mixed land and sea paths are described in Report 239.

7. The field strength depends upon the height of the receiving antenna as well as the nature of its immediate
surroundings. Data describing antenna height gain are given in § 2.4, 3.4 and Fig. 17. Further information
concerning both effects is given in Reports 239 and 567.

8. Account should be taken of the attenuation through forest and vegetation (see Fig. 2, Report 236).

This Recommendation is brought to the attention of Study Groups 10 and 11.

** It must be emphasized that the curves of this Recommendation are intended for use in the planning of broadcasting

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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9. Improved accuracy of predicted field strengths can be obtained by taking into account terrain local to the
receiving location by means of a terrain clearance angle. The method is described in Report 239. In hilly and
mountainous regions the effects of scattering from the terrain should also be taken into account.

ANNEX 1

1.  Introduction

1.1 The propagation curves represent field-strength values in VHF and UHF bands as a function of various
parameters; some curves refer to land paths, others refer to sea paths. The land path curves were prepared from
data obtained mainly from temperate climates as encountered in Europe and North America. The sea path curves
were prepared from data obtalned mainly from the Mediterranean and the North Sea regions.

1.2 The propagation curves represent the field-strength values exceeded at 50% of the locations for different
percentages of time. They correspond to different transmitting antenna heights and a receiving antenna height of
10 m. The land path curves refer to a value of Ah = 50 m which generally apply to rolling terrain commonly
found in Europe and North America. -

1.3 For locations other than 50%, probability distribution curves are also presented in this Annex.

1.4 Estimates of mixed-path field strengths should be made in accordance with the methods described in
Report 239.

1.5 Since most of the measurements relate to distances less than 500 km, the results given by these curves are
less reliable above this distance. The sections of the curves in dashed lines, obtained by extrapolation, are only
intended as a general guide to likely values of field strength.

1.6 All these curves are based on long-term values (several years) and may be regarded as representative of the
mean climatic conditions prevailing in all the temperate regions. It should be noted, however, that for brief -
periods .of time (e.g., for some hours or even days), field strengths may be obtained which are much higher than
those shown by these curves, particularly over relatively flat terrain. .

1.7 - 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 n; and n; are the refractive indices at the surface and at a height of 1 km respectively, and if AN is
defined as (n; — n,) x 10% then in a standard atmosphere, AN = —40, the 50% curves of Fig. 1a and 1b 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 (AN + .40) dB
to the curves. If AN is not known, but information concerning the mean value of N, is available, where
N; = (n, — 1) x 105, an alternative correction factor of 0.2 (N, — 310) dB may be used, at least for temperate
climates. Whilst those corrections have so far only been established for the geographical areas referred 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.

2. VHF bands

2.1 The curves in Figs. 1a, 2a, 3a and 4a represent field-strength values exceeded at 50% of the locations and
for 50%, 10%, 5% and 1% of the time for land paths where Ah of 50 m is considered representative. For a different
value of Ah, a correction should be applied to the curves as shown in Fig. 7. (See also Report 239.) For locations
other than 50%, corrections may be obtained from the distribution curve in Fig. 5.

2.2 The curves in Figs. 1b, 2b, 2c, 3b, 3c, 4b and 4c represent field-strength values exceeded at'50% of the
locations for 50%, 10%, 5% and 1% of the time for sea paths in cold seas and warm seas, the climatic
characteristics of those areas being likened to those observed in the North Sea and the Mediterranean,
respectlvely
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23 In areas subject to pronounced super-refractlon phenomena, account may be taken of the mformatlon
contained in § 3.6 of Report 239. :

24 The following reduction in the median field-strength values may be expected by changing the receiving
antenna helght from 10 to 3 m above ground: in Bands I and II, 9 dB in hilly or flat terrain for both urban and
rural areas; in Band III, 7 dB for flat terrain in rural areas and 11 dB for urban or hilly terrain. These values
apply for distances up to 50 km. For distances in excess of 100 km the values should be halved, with linear
interpolation for intermediate distances. Refer also to Report 239.

2.5 The ionosphere, primarily through the effects of sporadic-E ionization, can influence propagation in the
lower part of the VHF band, particularly at frequencies below about 90 MHz. In some circumstances this mode -of
propagation may influence the field strength exceeded for small percentages of the time at distances beyond some
500 km, and near the magnetic equator and 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 this assumption. Report 259 and Recommenda-
tion 534 should be consulted to determine whether the assumption is reasonable.
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3. UHF bands-

3.1 . The curves in Figs. 9, 10 and 11 represent field-strength values exceeded at 50% of the locations and for
50%, 10% and 1% of the time for land paths where Ah of 50 m is considered representative. For different values of
Ah, a correction should be applied to the curves as shown in Fig. 8. Correction factors for locations other than,
50% may be obtained from the distribution curves in Fig. 12.

32 ' The curves in Figs. 13, 14a, 14b, 15a, 15b, 16a and 16b represent field-strength values exceeded at 50% of
the locations and for 50%, 10%, 5% and 1% of the time for sea paths in cold seas and warm seas, the climatic
characteristics of those areas being likened to those observed in the North Sea and the Mediterranean,
respectively.

33 In areas subject to pronounced super-refraction phenomena, account may be taken of the information
contained in § 3.6 of Report 239. ‘

34 A reduction in the median field-strength values may be expected by changing the receiver antenna height
from 10 m to 3 m above ground. Figure 17 shows how the median value varies with Ah in rural areas. In
"suburban areas the median value may be taken as 7 dB, and in urban areas as 14 dB. These values apply for
distances up to 50 km. For distances in excess of 100 km the values should be halved, as in Fig. 17, with linear
interpolation for intermediate distances.
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FIGURE 8 - Attenuation correction factor as a funcriion of the distance d (km) and Ah
Frequencies 450 to 1000 MHz (Bands 1V and V)
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RECOMMENDATION 616

PROPAGATION DATA FOR TERRESTRIAL MARITIME MOBILE SERVICES
OPERATING AT FREQUENCIES ABOVE 30 MHz

(Study Programme 7F/5)
' (1986)

The CCIR,

CONSIDERING

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

(b) that the factors affectlng propagation in terrestrial maritime mobile services, including those in harbours,
coastal areas and inland waterways, may differ from those associated with other services in these bands;

(c) that propagation data are needed for different types of maritime environment and speciﬁcélly for vertical
polarization;

(d) that field- strength curves are given in Annex I of Recommendation 370. for oversea paths in certain
maritime areas,

UNANIMOUSLY RECOMMENDS

1. that the curves given in Annex I of Recommendation 370 be used provisionally for the planning of the :
terrestrial maritime mobile service recognizing the particular conditions to which they apply;

2, that provisionally, field strengths over mixed land and sea paths be calculated by the methods described in
Report 239.
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RECOMMENDATION 5282*

PROPAGATION CURVES FOR AERONAUTICAL MOBILE AND
. RADIONAVIGATION SERVICES USING THE VHF, UHF AND SHF BANDS

- (Study Programme 7F/5)

(1978-1982-1986)
The CCIR,

CONSIDERING

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

(b) that the propagation model used to generate the curves given in Annex II is based on a corsiderable
amount of experimental data (see Annex I);

(c) that the aeronautical service often provides a safety of life function and therefore requlres a higher

standard of availability than many other services; .

(d) that a time availability of 0.95 should be used to obtain more reliable service,

UNANIMOUSLY RECOMMENDS

that the curves given in Annex II be adopted to determine the basic transmission losses for 5%, 50%
and 95% of the time for antenna heights (for both the ground station and aircraft) likely to be encountered in the
aeronautical services. .

Note. — It must be emphasized that these curves are based on data obtained mainly for a continental temperate
climate. The curves should be used with caution for other climates.

ANNEX I

DEVELOPMENT AND APPLICATION OF THE CURVES

Transmission loss prediction methods given in [NBS, 1967] have been extended and incorporated into the
IF-77 propagation model [Johnson and Gierhart, 1979] that determine basic transmission losses for 5%, 50%
_and 95% of the time for antenna heights applicable to the aeronautical services [Johnson and Gierhart, 1978].
These methods are based on a considerable amount of experimental data, and extensive comparisons of
predictions with data have been made [Johnson and Gierhart, 1979]). In performing these calculations, a smooth
(terrain parameter Ak = 0) Earth with an effective Earth radius factor k of 4/3 (surface refractivity N; = 301)
was used along with compensation for the excessive ray bending associated with the k = 4/3 model at high
altitudes. Constants for average ground horizontal polarization, isotropic antennas, and long-term power fading
statistics for a continental temperate climate were also used. Although these parameters may be considered either
reasonable or worst-case for many applications, the curves should be used with caution if conditions differ
drastically from those assumed.

With the exception of a region “near” the radio horizon, values of median basic transmission loss for
“within-the-horizon” paths were obtained by adding the attenuation due to atmospheric absorption (in decibels) to
the transmission loss corresponding to free-space conditions. Within the region “near” the radio horizon, values of
the transmission loss were calculated using geometric optics, to account for interference between the direct ray and
a ray reflected from the surface of the Earth. Segments of curves resulting from these two methods were joined to
form a curve that shows median basic transmission loss as increasing monotonically with distance.

The two-ray interference model was not used exclusively for within-the-horizon calculations, because the
lobing structure obtained from it for short paths is highly dependent on surface characteristics (roughness -as well
as electrical constants), atmospheric conditions (the effective Earth radius is variable in time), and antenna
characteristics (polarization, orientation and gain pattern). Such curves would often be more misleading than
useful, i.e., the detailed structure of the lobing is highly dependent on parameters that are difficult to determine
with sufﬁcwnt precision. However the lobmg structure is given statlstlcal consideration in the calculation of

: vanablllty

This Recommendation is brought to the attention of Study Group 8.
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For time availabilities other than 0.50, the basic transmission loss, L,, curves do not always increase
monotonically with distance. This occurs because variability changes with distance can sometimes overcome the
median level changes. Variability includes contributions from both hourly-median or long-term power fading
(Report 238) and within-the-hour or short-term phase interference fading. Both surface reflection and tropospheric
multipath are included in the short-term fading.

The curves provided in Annex Il are selected curves from a much larger set of computer-generated
smoothed curves [Johnson and Gierhart, 1980].

The basic transmission loss, L,(0.05) curves may be used to estimate L, values for an unwanted interfering
signal that is exceeded during 95% (100% — 5%) of the time. Median (50%) propagation conditions may be
estimated with the L,(0.50) curves. The L,(0.95) curves may be used to estimate the service range for a wanted
signal at which service would be available for 95% of the time in the absence of interference.

The expected protection ratio or wanted-to-unwanted signal ratio exceeded at the receiver for at least 95%
of the time, R(0.95), can be estimated using the Annex II curves as follows:

R(0.95) = R(0.50) + Yg(0.95) ' . 2 '6))

R(OSO) = [Pl + Gt + Gr - Lb(oso)] Wanted — [Pt + Gt + Gr‘ - Lb(o'so)]Unwamed (2)
and ' : ‘ '
Yp = — J[Ly(0.95) — Ly(0.50)Pyunied + [L5(0.05) — L,,(o 50)]U"w,,,,,ed 0

In equation (2), P, is the transmitted power, and G, and G, are the 1sotroplc gams of the transmitting and
‘receiving antennas expressed in dB.

Additional variabilities could easily be included in equation (3) for such things as antenna gain when
variabilities for them can be determined. Continuous (100%) or simultaneous channel utilization is implicit in the
R(0.95) formulation provided above so that the impact of mtermlttent transmitter operation must be considered
separately.

REFERENCES

JOHNSON, M.E. and GIERHART, G.D. [1978] Applications guide for propagation and interference analysis computer
programs (0.1 to 20 GHz). DOT-Rep. FAA-RD-77-60, NTIS Accession No. ADA 053242. Nat10nal Techmcal Informa-
tion Service, Springfield, Va., 22161, USA.

.JOHNSON M. E. and GIERHART, G.D. [1979] Comparison of measured data with IF-77 propagation model predictions.
DOT-Rep. FAA-RD-79-9, NTIS Accession No. ADA076508. National Technical Informatlon Service, Springfield, Va.,
22161, USA.

JOHNSON M. E. and GIERHART G. D. [1980] An atlas of basic transmission loss (0.125, 0.3, 1.2, 5.1, 9.4, 15.5 GHz).
DOT-Rep. FAA-RD-80-1, NTIS Access1on No. ADA 088153. National Technical Information Service, Springfield, Va.,
22161, USA.

NBS [1967] National Bureau of Standards, Technical Note No. 101, Revised, I and II, AD 687820 and AD 687821, National
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ANNEX II

DESCRIPTION OF THE CURVES

- The aeronautical curves are contained in Figs. 1 to 6. The following points are to be noted:

1. Figures 1 to 6 show median values of the basic transmission loss, Ls, for the frequencies 125, 300, 1200,
5100, 9400 and 15 500 MHz.

2. Each figure consists of three curve sets where the upper, middle and lower sets provide L,(0.05), L,(0.50),
and L,(0.95), respectively. These correspond to time availabilities of 5, 50 and 95%. For example,
Ly(0.95) = 200 dB means that the basic transmission loss would be 200 dB or less during 95% of the time.

N
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3. The antenna heights shown vary from 15 m to 20 000 m covering both ground station and aircraft heights.
4, - The development and application of these curves are discussed in Annex 1.
5. At zero distance L,(0.50) is simply the free-space value corresponding to a path length equal to the

difference in antenna heights. The free-space curves shown were calculated for a 19 985 m height difference.

ANNEX III

EXPERIMENTAL RESULTS

Propagation tests at 930 MHz were conducted on air-to-ground paths in Japan in November 1982 and -
April and June 1983. According to the test results, propagation losses within line-of-sight agreed well with free
space values. The line-of-sight distance as calculated from the measured data at an altitude of 10000 m was
shorter than the distance implied by the curves in Annex II {Akeyama et al, 1984]

REFERENCES

AKEYAMA, A, SAKAGAMI, S. and YOSHIZAWA, K. [March, 1984] 900 MHz band propagation- characterlstlcs on
air-to- ground paths. National Convention Record No. 669, Institute of Electronics and Commumcatlon Engmeers of
Japan, Tokyo, Japan. -
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RECOMMENDATION 529-1*

VHF AND UHF PROPAGATION DATA AND PREDICTION METHODS
REQUIRED FOR THE TERRESTRIAL -LAND MOBILE SERVICES

(Question 12/5)
(1978-1990)

The CCIR,

CONSIDERING

that there is a need to give guidance to engiheers in the planning of land mobile radio services in the VHF
and UHF bands, ’

UNANIMOUSLY RECOMMENDS

that the methods given in Report 567 be adopted ** for use to determine the field strength and other'signal
characteristics likely to be encountered in the terrestrial land mobile service.

s

This Recommendation is brought to the attention of Study Group 8.

It must be emphasmed that the curves relating to UHF bands are based on data for specific urban areas, and should be
used with caution in other areas.

%
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SECTION 5E: ASPECTS RELATIVE TO THE TERRESTRIAL FIXED SERVICE

RECOMMENDATION 530-3*

PROPAGATION DATA AND PREDICTION METHODS REQUIRED FOR THE DESIGN
OF TERRESTRIAL LINE-OF-SIGHT SYSTEMS

(Question 14/5)
(1978-1982-1986-1990)

The CCIR,

CONSIDERING

(a) that for the proper planning of terrestrial line-of-sight systems it is necessary to have appropriate
propagation prediction methods and data;

(b) that methods have been developed that allow the prediction of the most important prbpagation parameters
affecting the planning of terrestrial line-of-sight systems;

(c) that as far as possible these methods have been tested against available measured data and have been
shown to yield an accuracy that is both compatible with the natural variability of propagation phenomena and
adequate for most present applications in system planning;

(d) _that for certain propagation parameters, however, the existing information is not yet sufficient to allow
prediction methods to be established and tested adequately, particularly in some geographic regions,

UNANIMOUSLY RECOMMENDS N

1. that the methods for predicting the following parameters set out in Report 338 be adopted for planning
terrestrial line-of-sight systems in the respective ranges of validity indicated in the Report:

1.1 . gaseous attenuation;

1.2 diffraction fading statistics, and associated criteria for path clearance;

1.3 multipath fading distribution in a narrow-band, at both small percentages of time (Methods 1 or 2, as
appropriate) and other percentages of time;

14 long-term distribution of rain attenuation from point rainfall rate;

1.5 long-term distribution of rain attenuation at one frequency from that at another (frequency scaling);
1.6 long-term distribution of XPD from that of CPA; _

1.7 long-term distribution of XPD at one frequency/polarization from that at another;

2. that the current data, and other information in all other parts of Report 338 be used in the planning of
terrestrial line-of-sight systems. '

*

This Recommendation is brought to the attention of Study Group 9.
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- RECOMMENDATION 617*

PROPAGATION DATA REQUlREﬁ FOR THE DESIGN OF
TRANS-HORIZON RADIO-RELAY SYSTEMS

(1986
The CCIR,

CONSIDERING:
(a) that for the proper planning of trans-horizon radio-relay systems it is necessary to have appropriate

propagation data;

(b) that the data available so far do not allow reliable prediction methods to be developed which would give
adequate accuracy in all regions of the world;

(c) that, however, methods are available which yield sufficient accuracy in at least some regions,

UNANIMOUSLY RECOMMENDS

that the methods set out in Report 238 be ‘adopted_ for provisional use in the planning of trans-horizon
radio-relay systems. o : .

*  This Recommendation is brought to the attention of Study Groups 1 and 9.

e
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SECTION 5F: ASPECTS RELATIVE TO SPACE TELECOMMUNICATION SYSTEMS

RECOMMENDATION 618-1*

'PROPAGATION DATA AND PREDICTION METHODS REQUIRED FOR THE DESIGN
: OF EARTH-SPACE TELECOMMUNICATION SYSTEMS

(Question 16/5)
(1986-1990)

The CCIR,

CONSIDERING

(a) that for the proper plannirfg of Earth-space systems it is necessary to have appropriate propagation data
and prediction techniques;

(b) that methods have been developed that allow the prediction of the most important propagation parameters
needed in planning Earth-space systems; ‘

(c)  that as far as possible, these methods have been tested against available data and have been shown to yield
an accuracy that is both compatible with the natural variability of propagation phenomena and adequate for most
present applications in system planning;

(d) that, however, for certain propagation parameters the existing information is not yet sufficient, in
particular, in some geographical regions, to allow prediction methods to be established and tested adequately,

UNANIMOUSLY RECOMMENDS

1. that the methods for predicting the following parameters, set out in Report 564, be adopted for planning
Earth-space radiocommunication systems, in the respective ranges of validity indicated in the Report: ‘

1.1  gaseous attenuation; ‘

12 long-term statistics of rain attenuation from point rainfall rate;
1.3 long-term frequency scaling of rain attenuation’ statistics;

14 site-diversity improvement factor or site-diversity gain;

1.5 . 'monthly or long-term statistics of amplitude scintillations;

1.6 long-term cross-polarization statistics due to hydrometeors, derived from co-polar attenuation statistics;
1.7 long-term frequency and polarization scaling of cross-polarization statistics due to hydrometeors;
2, that the current data, and other information in all other parts of Report 564 be used.

Note — Supplementary information related to the planning of broadcasting-satellite systefns as well as maritime,
land and aeronautical mobile-satellite systems may be found in Reports 565, 884, 1009 and 1148 respectively.

This Recommendation is brought to the attention of Study Groups 4, 6, 7, 8, 10 and 11.
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"RECOMMENDATION 679 *

PROPAGATION DATA REQUIRED FOR THE DESIGN
OF BROADCASTING-SATELLITE SYSTEMS

(Question 17/5)
(1990)

The CCIR,

CONSIDERING

(a) that for the proper planning of broadcasting-satellite systems it is necessary to have appropriate
propagation data and prediction methods;

(b) that the methods of Report 564 are recommended for the plannmg of Earth-space telecommunication:
systems;

(c) that further development of prediction methods. for specific application to broadcasting-satellite systems is
required to give adequate accuracy for all operational conditions; .

(d) . - that, however, methods are available which yield sufficient accuracy for many applications,

UNANIMOUSLY RECOMMENDS

that the current propagation data contained in Report 565 be adopted for use in the planning of
broadcasting- -satellite systems, in addition to the methods recommended in Recommendation 618.

*  This Recommendation is brought to the attention of Study Groups 10 and 11.
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RECOMMENDATION 680*

PROPAGATION DATA REQUIRED FOR THE DESIGN OF EARTH-SPACE
MARITIME MOBILE TELECOMMUNICATION SYSTEMS

(Question 18/5)

, . » (1990)
The CCIR,

CONSIDERING
(a) that for the proper planning of Earth-space mantlme mobile systems. it is necessary to have approprlate

propagation data and prediction methods; .

(b) that the methods of Report 564 are recornmended for the planning of Earth-space telecommunication
systems;

(c) that further development of prediction methods for specific application to maritime mobile-satellite systems
is required to give adequate accuracy for all operational conditions;

(d) that, however, methods are available which yield sufficient accuracy for many applications,

UNANIMOUSLY RECOMMENDS

that the current methods set out in Report 884 be adopted for use in the planning of Earth-space maritime
mobile telecommunication systems, in addition to the methods recommended in Recommendation 618.

* This Recommendation is brought to the attention of Study Group 8.
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RECOMMENDATION 681*

PROPAGATION DATA REQUIRED FOR THE DESIGN OF EARTH-SPACE
LAND MOBILE TELECOMMUNICATION SYSTEMS '

(Question 18/5)
(1990)

The CCIR,

CONSIDERING

(a) that for the proper planmng of Earth- space land mobile. systems it is necessary to have approprlate
propagation data and prediction methods;

(b) that the methods of Report 564 are recommended for the planning of Earth-space telecommunication
systems; . .

(c) that further development of prediction methods for specific application to land mobile-satellite systems is
required to give adequate accuracy in all regions of the world and for all operational conditions;

(d) that, however, methods are available whnch yield sufficient accuracy in some reglons and for many
applications,

UNANIMOUSLY RECOMMENDS

that the current propagation data contained in Report 1009 be adopted for use in the planning of
Earth-space land mobile telecommunication systems, in ‘addition to the methods recommended in Reoommenda-
tion 618. :

*  This Recommendation is brought to the attention of Study Group 8.
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RECOMMENDATION 682*

PROPAGATION DATA REQUIRED FOR THE DESIGN OF EARTH-SPACE
AERONAUTICAL MOBILE TELECOMMUNICATION SYSTEMS

(Question 18/5) ‘
(1990)

The CCIR,
CONSIDERING
(a) that for the proper planning of Earth-space aeronautical mobile systems it is necessary to have appropriate

propagation data and prediction methods;

(b) that the methods of Report 564 are recommended for the planning of Earth-space telecommunication
systems; . . ,

(c) that further development of prediction methods for specific application to aeronautical mobile-satellite
systems is required to give adequate accuracy for all operational conditions;

(d) that, however, methods are available which yield sufficient accuracy for many applications,

UNANIMOUSLY RECOMMENDS

that the current propagation data contained in Report 1148 be adopted for current use in the planning of
Earth-space aeronautical mobile telecommunication systems, in ‘addition to the methods recommended in
Recommendation 618.

*  This Recommendation is brought to the attention of Study Group 6.
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SECTION 5G: PROPAGATION DATA REQUIRED FOR THE EVALUATION OF INTERFERENCE:
SPACE AND TERRESTRIAL SYSTEMS

RECOMMENDATION :452-4 *

PROPAGATION DATA REQUIRED FOR THE EVALUATION OF INTERFERENCE
BETWEEN STATIONS ON THE SURFACE OF THE EARTH

(1970-1974-1978-1982-1986) .

The CCIR,
CONSIDERING
(a) that for the proper evaluation of interference between stations on the surface of the Earth it is necessary to

have appropriate propagation data that are based on both terrain and atmospheric factors;

(b) that the data available so far do not allow reliable prediction methods to be developed which would give
adequate accuracy in all régions of the world; :

(c) that, however, several methods are available which yield sufficient accuracy in at least some regions,

UNANIMOUSLY RECOMMENDS

1. that, for the evaluation of interference between stations of point-to-point services on the surface of the
Earth at frequencies higher than about 500 MHz, administrations make use of the propagation predlctlon method
set out in Report 569;

S 2. that, in the case of the prediction of the propagation of interference signals between stations of
point-to-point services on the surface of the Earth operating at frequencies below about 500 MHz, the data of
Recommendation 370 are to be used as follows:

— to derive information relative to 1% of the time with respect to point-to-point services, the appropriaie
- Recommendation 370 curves for 1% of the time are to be used, and the conversion factor relative to 1% of
locations is to be applied as obtained from Fig. 5 of that Recommendation;

— the curves in question are to be found in Figs. 4a, 4b and 4c of Recommendation 370 which correspond to
’ land, cold seas and warm seas respectively and therefore are equlvalent to zones defined in § 3.2.3 of
Report 569;

— due to insufficient data being available at the present time, it is not yet possible to propose a method for the
prediction of the propagation of interference signals for less than 1% of the time;

3. that, for the evaluation of interference to point-to-area services between 30 MHz and 1 GHz, administra-

tions make use of the propagation predlctlon methods set out in Recommendations 370, 528 and 529 as
appropriate.

* ' This Recommendation is brought to the attention of Study Groups 1, 2, 4, 7, 8, 9, 10 and 11.



9% Rec. 619
. RECOMMENDATION 619*
PROPAGATION DATA REQUIRED FOR THE EVALUATION

OF INTERFERENCE BETWEEN STATIONS IN SPACE AND THOSE
ON THE SURFACE OF THE EARTH

(1986)
The CCIR,
CONSIDERING
(a) that for the proper evaluation of interference between stations in space and those on the surface of the

Earth, it is necessary to have appropriate propagation data that are based on both terrain and atmospheric
factors; '

(b) that the data available so far do not allow reliable prediction methods to be developed which would give
adequate accuracy in all regions of the world;

(c) that, however, several methods are available which yield sufficient accuracy in at least some regions,

UNANIMOUSLY RECOMMENDS

that for the evaluation of interference between stations in space and those on the surface of the Earth,
administrations provisionally use the propagation calculation methods set out in Report 885.

1

*

This Recommendation is brought to the attention of Study Groups'1, 2, 4, 7, 8, 9, 10 and 11.
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RECOMMENDATION 620*

PROPAGATION DATA REQUIRED FOR THE CALCULATION
OF COORDINAT[ON DISTANCES

(1986)

The CCIR,
CONSIDERING

(a) the terms of Resolution No. 60 of the World Administrative Radio Conference, GeneVa, 1979;

(b) that the coordination area is that area, around an earth station, so defined that any interference between
" the earth station in question and terrestrial stations outside this area may be considered as negligible;

“(c) that the determination of the coordination area should be based on the best propagation data available
and that methods of predicting attenuation along an interference path should be compatlble with those of
determlmng the relevant coordmatlon area,

>

UNANIMOUSLY RECOMMENDS

that, for the determination of the coordination area with respect to frequencies between 1 and 40 GHz,
administrations provisionally use the propagation calculation methods set out in Report 724 for domestlc
(ie. non-international) plannmg

*

' This; Recommendation is.brought to the attention of Study Groups 1, 2, 4, 7, 8,9, 10 and 11.
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Res. 722 , 99.

RESOLUTIONS
RESOLUTION 72-2
HANDBOOK OF GROUND-WAVE PROPAGATION CURVES. -
(1982-1986-1990)
The CCIR,
CONSIDERING
(a) that there is still a need to ﬁrovide ground-wave propagation curves for frequencies above 10 MHz

" relative, in particular, to different antenna heights and polarizations;

(b) that the computer program GRWAVE is now available to revise the curves found in the Handbook of
Ground-Wave Propagation Curves to account for the CCIR refractive profile described in Recommendation 369;

(c) that the acquisition and dissemination of computer programs is standard practice for the CCIR Secretariat,

UNANIMOUSLY DECIDES
that the Director, CCIR, should be requested:

1. to calculate and publish ground-wave propagation curves using the GRWAVE program for the frequen-',
‘cies, terminal heights, refractive index proﬁle and ground conditions specified by Study Group 5;

2. to make available on request the GRWAVE computer program to member administrations and others;

3. to make such comparisons with other existing programs as may be considered appropriate by Study
Group 5. ‘



100 ’ Res. 73-1

RESOLUTION 73-1

WORLD ATLAS OF GROUND CONDUCTIVITIES

(1982-1990)

The CCIR,

CONSIDERING

the needs of administrations for suitable conductivity charts when planning all types of radiocommunica-
tion, including navigational services, in the VLF, LF and MF bands,

UNANIMOUSLY DECIDES '

1. . that the Director of the CCIR should continue with further development of the World Atlas of effective
ground conductivity values, using the most up-to-date information as it becomes available; ’

2. that the Atlas, contained in Report 717, should continue to be published separately,

AND REQUESTS ADMINISTRATIONS

to supply information in the form of suitable maps and correct as necessary information already provided
(see Report 717); in all such cases the frequency concerned should be mentioned. In particular, data for countries
not represented in the Atlas are urgently needed.



Res. 79 ' A 11|

RESOLUTION 79

RADIO PROPAGATION STUDIES IN TROPICAL REGIONS
(1982)

This Resolution is published in Volume XIV-1.
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