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Abstract

Methods for the determination of the strengths of radio signals reflected from the ionosphere and propagated to
distant locations are required for service planning and circuit operation. Efforts are described following World
War II to arrive at agreed procedures and some of the features of the various empirical prediction methods that
have been formulated over the years are discussed. The problems are highlighted of determining a «best»
method from among those available. Measurement data collected for this purpose are reviewed and attention is
drawn to their limitations of accuracy and coverage. Even comparison of predicted and measured values is not
straightforward, and the techniques that have been developed to do this are considered.

Key words ionosphere — radio waves — high fre- is very variable in space and time, with conse-
quency — field strength — prediction quential changes to the possible propagation
paths, signal intensities and the frequencies that
can be supported. Besides geographical varia-
tions, there are systematic changes with time-
of-day, season and epoch of the 11-year solar
cycle. There are also major irregular day-to-day
variations. It therefore becomes important to
circuit operations to be able to predict for any
occasion those frequencies that can propagate
between specified pairs of terminals.
Unfortunately a large number of separate
factors determine the state of the ionosphere,
and even given a knowledge of what these are
for any scenario, the amounts of calculation
needed to determine the principal signal charac-
teristics were prohibitive before the days of
modern computers. Even today, uncertainties in
ionosphere specification usually make full ra-
dio ray calculations inappropriate. Hence over
the years a whole range of empirical prediction
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1. Introduction

Following the early experiments at the turn
of the century by Guglielmo Marconi, firs car-
ried out in Bologna and later in England, con-
firming that radio waves propagate over a dis-
tance, it soon became evident that such signals
could be used to communicate information.
Trials to greater and greater distances via the
so-called «ground wave» culminated in 1901
in the classic experiment of reception at St.
John’s, Newfoundland, of signals radiated from
Poldhu, Cornwall, England, a distance of 3500
km, confirming the presence also of «sky-
waves» that travel via the ionosphere which
acts as a mirror in the sky. But the ionosphere
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were governed more by available knowledge,
personal preferences and resources than by true
requirements. Predictions have remained em-
pirical but later they became more complex as
additional factors were taken into account. Ar-
guably a point has now been reached where no
improvement in accuracy is likely to be
achieved with the introduction of additional
calculations because of remaining uncertainties
in ionospheric specification.

Before and during World War II each coun-
try tended to develop its own prediction meth-
ods, tailored to those radio circuits and paths
for which there was an interest. Ionospheric
sounding measurements were conducted and
calculations produced each month in support of
broadcast and point-to-point links. At the fore-
front in these activities were groups in U.S.A.,
Japan and within Europe in France, Germany,
Italy and the United Kingdom. Particularly in
Italy over the years prediction work has been
carried out at a range of institutes, including in
the first days the Centro Radioelettrico Speri-
mentale «G. Marconi», Roma. Latterly iono-
spheric sounding has been the purview of the
Istituto Nazionale di Geofisica, Rome and ap-
plications to predictions for sound broadcasting
have been conducted closely in conjunction
with Radiotelevisione Italiana (RAI). The Ital-
ian Ministry of Telecommunication serves as a
co-ordinating agency for Italian interests in in-
ternational discussions on radio matters, includ-
ing the assignment of experts to various inter-
national working groups both from governmen-
tal organisations and private telecommunication
companies such as ITALCABLE. Whilst there-
fore a number of different Italian groups have
been involved over the years and some con-
tinue with ionospheric research supportive of
improved HF radio-wave propagation predic-
tions, it is appropriate and timely that this
special commemorative issue of Annali di
Geofisica should include a paper reviewing a
field in which those being honored have played
important parts.

Section 2 reviews the activities of the Inter-
national Telecommunication Union (ITU), re-
sponsible for co-ordinating radio usage among
its member countries and their operating agen-
cies, and for carrying out technical studies to do
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this in an optimum manner. It also discusses
briefly the requirements for internationally ac-
cepted propagation prediction procedures. Sec-
tion 3 considers early studies in field-strength
predictions development within the different
countries and in Sections 4-6 selected technical
details of three successive internationally adopt-
ed prediction methods are described. The pro-
duction of predictions for microcomputer eval-
uation, an important step forward at the time, is
mentioned in Section 7. The establishment of
data banks of co-ordinated field-strength mea-
surements for method testing is considered in
Section 8 and in Section 9 results of predic-
tion-measurement comparisons are presented.
Work leading up to a propagation prediction
method developed for the 1987 World Admin-
istrative Radio Conference on high frequency
broadcasting (HFBC-87) is described in Sec-
tion 10.

2. The International Telecommunication
Union, its committees and working parties

The International Telecommunication Union
(ITU) is a Specialised Agency of the United
Nations responsible among other matters for
establishing regulations which have the force
of international law governing the use of the
radio spectrum. The Radio Regulations define
various types of radio service (e.g., broadcast-
ing, maritime, fixed, space), allocate different
blocks of spectrum to these separate services,
specify emission characteristics and establish
assignment criteria and procedures for individ-
ual transmissions. Changes in the Radio Regu-
lations are introduced from time-to-time at spe-
cial conferences in response to revised require-
ments. In preparation for such conferences the
former CCIR (International Radio Consultative
Committee), a component body of the ITU until
its replacement in 1993 by the Radiocom-
munication Sector (ITU-R) carrying out broadly
similar functions, provided planning recom-
mendations based on what are seen as good
technical practices.

Hitherto CCIR procedures have involved
establishing a number of Questions, Study
Programmes (responsive to Questions), Reports
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of what is already known or has been deter-
mined and Recommendations (when the work
is complete). The CCIR and its successor
ITU-R consist of a series of Study Groups re-
sponding to particular areas and Study Group 6
(now Study Group 3) is concerned with «Prop-
agation in Ionised Media». In the CCIR era,
meetings of the Study Groups were held at
roughly two-yearly intervals to update texts,
and then these were endorsed at subsequent
Plenary Assemblies where all interests were
co-ordinated. However, to handle the more
complex task the Study Groups established a
number of Interim Working Parties (IWP’s) to
work primarily by correspondence, though
these could also meet from time to time.

The New Delhi 1970 CCIR Plenary Assem-
bly renamed all its working parties with the
initial I standing for «Interim», rather than
«International», as formerly. This change was
introduced to signify that IWP’s should have
limited lifetime and be constituted to carry out
specific clearly defined objectives. The fact that
IWP 6/1, concerned with developing improved
methods of HF sky-wave field-strength estima-
tion, was both one of the first working parties
to be set up and one of the last to be disbanded,
bears testimony to the complexities of the tasks
involved. This paper documents some of the
highlights in its productive, if sometimes seem-
ingly intractable pursuits.

The work of IWP 6/1 has primarily involved
the development and refinement of a number of
different prediction models, the production of
associated computer programs for their evalua-
tion, the promotion of measured sky-wave field
strengths, the assembly and validation of mea-
surement Data Banks and the generation of pro-
cedures for comparing measurements and pre-
dictions in order to assess prediction accuracy.
These different aspects are reviewed below.

3. Early studies

Prior to and during World War II there had
been intensive efforts in a number of countries
in modelling the performance of high frequency
radio waves reflected from the ionosphere, and
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when the CCIR again became operative after
hostilities ceased, propagation studies formed
an important element in its activities. The need
to have agreed propagation models for service
planning was recognised as critical to optimum
spectrum utilisation, particularly at HF where
congestion was already becoming a serious
problem with not all requirements being met
with acceptable circuit quality. Radio users
were encouraged to use these same models for
the design and operation of their own radio cir-
cuits.

By the time of the VIIth Plenary Assembly
(London, 1953) the work was split into Study
Groups, where formerly all business had been
conducted in full plenary sessions. Prominent
among contributors to considerations of the
preferred method of signal-strength determina-
tion were the U.S.A., where staff at the Central
Radio Propagation Laboratory (CRPL) of the
National Bureau of Standards had developed
the method of Circular 462 (NBS, 1948) and a
few years later another group at the Signal
Corps had formulated the Radio Propagation
Unit RPU-9 method (Laitinen and Haydon,
1950). A combined French/German team had
devised the method SPIM (Service de Prévision
Ionospherique Militaire) (Halley, 1965) whereas
in the U.S.S.R. the method of Kasantsev (1956)
was in use. In Japan a group at the Radio Re-
search Laboratories had produced a method
which took account of ground sidescatter (Miya
and Kanaya, 1955). The question arose: which
of these methods was most accurate? The Inter-
national Frequency Registration Board (IFRB),
now disbanded, was at that time the part of the
ITU responsible for maintaining a Master Reg-
ister of all radio emissions and carrying out
technical examinations of all proposed new
transmissions. The IFRB had incorporated the
Circular 462 method into their Technical Stan-
dards, but there were those both in the U.S.A.
and elsewhere who favoured the RPU-9 ap-
proach.

The VIIIth Plenary Assembly was held in
Warsaw in 1956. Recommendation 177 was
adopted calling for a study of the respective
merits of the then available methods and estab-
lishing an International Working Party (IWP
VI/I) under the chairmanship of D. Lepechin-
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sky (France) to «advise the IFRB on the preci-
sion of the method of RPU-9». The first partici-
pants were from France, Czechoslovakia, F.R.
Germany, Japan, Romania, the U.S.A. and the
U.S.S.R., together with strong and active sup-
port from both the IFRB and CCIR Secretariats.
Initial studies were conducted by correspon-
dence. The IWP first met in Geneva in Decem-
ber 1957.

Germany presented the method of Beck-
mann (1958) for consideration and the U.K.
joined the group, offering the Special Report 27
method of Piggott (1959). What was needed, it
was agreed, was a programme of standard mea-
surements to establish a database against which
the different predictions could be compared.
Two sub-groups of the IWP were created and
reported to the IXth (Los Angeles, 1959) Ple-
nary Assembly. Sub-group A under the chair-
manship of T. Gautier (U.S.A.) studied the de-
tails of the different methods and their accura-
cies. Sub-group B (Chairman G. Millington,
U.K.) made proposals for a co-ordinated mea-
surement programme involving a number of
key measuring stations. Use of existing stan-
dard time transmissions in the U.S.A., Japan
and South Africa was envisaged, with standard-
ised receiving equipment and antennas to be
deployed in several named countries. Question-
naires were prepared seeking support for the
measurement programme and proposing com-
mon tabulation sheets. The CCIR Secretariat
was asked to be responsible for the analysis of
all the resulting pen-chart recordings that were
received. Concern was expressed at the size of
the job, but in the event the amount of data col-
lected was rather minimal. The key-measuring
station concept foundered with ad-hoc mea-
surements being made only by a few groups,
particularly those in Japan and Germany.

By 1965 representatives of India had joined
the IWP and had offered a prediction method
for tropical areas. Canada had a method for
northern latitudes. Studies expanded to a con-
sideration of seven methods. The work was
aided somewhat by the fact that by then several
of these methods were coded for computer
evaluation. However, no unanimous conclu-
sions were reached. The Working Party gave
consideration to developing a new composite
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CCIR method to satisfy the different view-
points. There were many discussions of ways of
modelling ionospheric absorption, propagation
above the basic MUF, sporadic-E support and
off-great-circle scatter propagation. It was to be
several more years though before a first CCIR
method appeared, and was recommended for
«interim use».

4. The first CCIR interim prediction method
(Report 252-2)

A co-author of the RPU-9 method, G.W.
Haydon, who by this time had moved to the
CRPL in the U.S.A., was invited in 1964 to
take over the chairmanship of IWP 6/1. Haydon
joined a group there that included W.B. Jones,
R. Gallet and M. Leftin who had developed a
method of numerical mapping to represent the
geographical and temporal variations of iono-
spheric characteristics (Jones et al., 1969). He
worked with D.L. Lucas and produced both
an expanded manual field-strength prediction
method involving lots of charts and nomograms
(Haydon and Lucas, 1966), and then later a
fully computerised method (ITSA-1) relying on
the numerical maps (Lucas and Haydon, 1966).
The IWP strived to produce both an agreed
computer-based method of evaluation and also
a simpler manual method, but by 1968 they
stated their disinterest in the manual method
because of the amounts of time involved in its
implementation, to say nothing of the strong
likelihood of numerical error in the process. (It
was though many years later before the CCIR
finally deleted from its texts the aim of generat-
ing manual methods).

The IWP concluded that there really were
no major differences in the methods consid-
ered, merely varying approaches to modelling
the separate factors that were agreed as impor-
tant. A «typical» method, ITSA-1, was circu-
lated to see «if it could be used as the basis of
an international method and to determine what
modifications would be required before such a
method would be acceptable». The numerical
maps of ionospheric characteristics which had
been embodied into Report 340 and recom-
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mended for use by the Oslo 1966 Plenary As-
sembly (Recommendation 434, now Recom-
mendation ITU-R P.1239) were to be employed
(fig. 1). A mode treatment was to be followed
with ray-path angles determined in accordance
with geometrical considerations as formulated
by K. Rawer (Germany). Spatial attenuation
would be based on ray-path distance. Iono-
spheric absorption would be estimated in terms
of solar index and either solar-zenith angle or
the ionospheric characteristic £E as proposed
by A.N. Kasantsev (U.S.S.R.). The absorption
winter anomaly and additional absorption at
auroral latitudes would be incorporated. Night-
time absorption would be determined as
suggetsted by N. Wakai (Japan). Ground-re-
flection losses and day-to-day variations of sig-
nal strength would also be modelled. For later
consideration in an improved method would be

the role of the F -layer, deviative absorption,
above-the-MUF loss propagation, sporadic-E
modes and off-great-circle propagation. Until
this new method was formulated, further mea-
surement campaigns and prediction compari-
sons were abandoned.

A special 3-day meeting in September 1969
led to the Working Party submitting to the
Study Group for adoption a «provisional in-
terim» method. In the event this method fol-
lowed closely the ITSA-1 formulations. Ray-
path equations ignored the Earth’s magnetic
field and were appropriate to propagation via
parabolic E and F,-layers. Absorption was ex-
pressed in terms of a modified solar-zenith an-
gle. Basic MUF and signal strength followed a
chi-squared law of day-to-day variation. An im-
portant element was an empirical «excess loss-
factor» designated Y, to normalise predicted
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Fig. 1. World map of the ionospheric characteristic JoF» related to the maximum ionisation density in the F,

region of the ionosphere, for 00h UT in March at high solar epoch,

method.
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values to median figures given by the measure-
ment data set which had been used in formulat-
ing the RPU-9 procedure. Y, was taken as a
variable with time-of-day, season and latitude
and to be different for path lengths less than or
more than 2500 km.

In its report, the IWP stated that «adoption
by the CCIR at this time is urged primarily for
two reasons: 1) it will provide organisations
and administrations with an interim method for
their common use, and 2) it will provide a point
of departure with which the administrations
may compare their prediction methods and
measurement results and offer specific docu-
mentation for the improvement of the method».
The Study Group accepted the proposal and the
New Delhi (1970) Plenary Assembly adopted
the method of Report 252-2. The U.S.A. ad-
ministration then furnished the associated com-
puter program. It was though a further eight
years until the 1978 Kyoto Plenary before Rec-
ommendation 533 was adopted advocating use
of the method provisionally, until the computer
program for the second method that had by then
been generated, was complete.

5. The second CCIR interim prediction
method (Supplement to Report 252-2)

Following evaluations of the first method
by several administrations, the IWP went on
to study possible improvements. Plans were
drawn up to revise the expressions for daytime
and night-time absorption, to introduce an al-
lowance for polarisation-coupling loss, to con-
sider the extension to frequencies above the
basic MUF as included in the Beckmann
method and to take account of ionospheric fo-
cusing. The need was recognised to find a way
of being able to reduce the excess-system loss
«fiddle-factor» values which are claimed to in-
clude composite allowances for propagation
effects not otherwise explicitly taken into ac-
count.

With the present author appointed chairman,
studies continued along lines already estab-
lished. There was clear agreement on several
items, but with other topics different possible
approaches emerged. A new package proposal
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was put together and debated at a Geneva meet-
ing in February 1976. Perhaps not surprisingly
this included as a kernel many elements that
were in current use within the United Kingdom.
The CCIR numerical maps of ionospheric
characteristics were retained. Ray-path analy-
ses were applied for the model ionosphere of
Bradley and Dudeney (1973), consisting of par-
abolic E and F,-layer segments together with
a linear F -layer segment for greater realism
(fig. 2). The ionosphere was separately gener-
ated for each hop and a homing procedure ap-
plied to find the elevation angles correspond-
ing to a given ground range. The George and
Bradley (1974) ionospheric absorption formula-
tion based on an analysis of measured verti-
cal-incidence absorption data together with an
obliquity factor transformation was included.
Horizon and antipodal focusing were allowed
for. Explicit expressions for polarisation-cou-
pling loss for single-hop modes were added and
the ¥, concept was not used. For the estimation
of auroral absorption, the IWP decided to em-
body new formulae of Foppiano (1975) derived
from a study of riometer data, rather than to use
values determined by comparing Y, for auroral
and non-auroral paths. Sporadic-E reflection
losses were determined by means of expres-

hmF2

ymF2

foE
plasma frequency

Fig. 2. Height distribution of electron density given
by the model of Bradley and Dudeney (1973).
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sions generated within another Working Party,
IWP 6/8, established to investigate such effects.
For the estimation of above-the-MUF loss a
simple formula was fitted to measured data col-
lected in the U.S.A. by Wheeler (1966), giving
a parabolic increase of decibel loss with fre-
quency-to-basic MUF ratio.

The Kyoto (1978) Plenary Assembly adopt-
ed this new method, but because of some con-
cerns for its complexity, coupled with the fact
that the associated computer program was not
yet available, it was designated as the method
of the Supplement to Report 252-2, with the
first method also retained. Completion of the
computer program proved a lengthy affair in
which groups in several countries as well as the
IFRB and CCIR Secretariats assisted over a
number of years. A meeting of the IWP in War-
saw in 1980 gave particular emphasis to plans
for program completion. By 1982 the program
was deemed to be complete, though there were
still minor changes being effected up to De-
cember 1985 when it became available for pur-
chase. Extensive documentation followed only
in March 1987. The Geneva (1982) and
Dubrovnik (1986) Plenary Assemblies contin-
ued to recommend use of the first method until
the second method had been further tested.
Meanwhile a much simpler method had been
developed by IWP 6/12 for use in broadcast
planning (see below). Tests against observa-
tional data showed this latest method to be not
substantially less accurate and so at the
Dusseldorf (1990) Plenary Assembly Recom-
mendation 533-2 advocated this third method
for general use, but with the first and second
methods retained for «specific cases».

6. Further predictions development and
the method of CCIR Report 894

The ITU Administrative Council scheduled
the first session of a World Administrative Ra-
dio Conference on High Frequency Broadcast-
ing (HFBC) in January 1984, and in preparation
for that conference CCIR Study Group 6 was
charged by the 1979 (Geneva) General World
Administrative Radio Conference with making
recommendations concerning the propagation
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method to be used. IWP 6/12 was established in
June 1980 under the chairmanship of D.L.
Lucas (U.S.A.) with this remit. Membership in-
cluded many participants from within IWP 6/1,
and so because of the urgency of the broadcast
studies, other matters were pursued less vigor-
ously. Nonetheless IWP 6/1 continued to re-
view aspects of predictions development and
testing and thereby to assist IWP 6/12 as re-
quired, particularly in making measurement
data available.

With the existing computers of the day, the
broadcast planning requirement was seen as
dictating a relatively simple approach in which
it was essential that the large number of compu-
tations needed in compatibility investigations
could be carried out in a relatively short time,
even if this were to involve some loss of accu-
racy. IWP 6/12 held three separate meetings be-
tween January 1981 and February 1983 with
active Italian participation. It reviewed some
twenty different methods submitted to it. The
methods of Report 252-2 and Supplement were
soon discarded as too complex for the task in
hand. Eventually it was determined to formu-
late a new hybrid method consisting of a ray-
hop treatment for path ranges up to 7000 km,
composite mode empirical expressions de-
rived from the fit to measured data beyond
9000 km and linearly interpolated values over the
7000-9000 km transition region. Up to 7000 km
the technique proposed by the U.S.A. fol-
lowed somewhat similar procedures to those of
Report 252-2, but with simpler critical fre-
quency and basic MUF expressions. Ray paths
were those appropriate to reflection heights
given only in terms of M(3000)F, independent
of path length and frequency. The above-the-
MUF loss formulation of the Supplement was
introduced. Auroral absorption -loss was ad-
duced from the Report 252-2 excess-system
loss tables. Beyond 9000 km the Beckmann
method was adopted, which is based on an em-
pirical fit to measured data collected in Ger-
many, with field strengths given in terms of
transmitter power, path length and a function
which depends on wave frequency, and esti-
mates of the maximum frequency that can prop-
agate via ionospheric refraction alone and the
somewhat greater maximum frequency provid-
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ing satisfactory system performance. Different
amplitude standardisation factors were incorpo-
rated for both the short and long-path compo-
nents of the method, determined from compari-
sons with the IWP 6/1 Data Bank of measure-
ments (see later). This composite method was
adopted by the Geneva (1982) CCIR Plenary
Meeting as the method of Report 894.

Its task completed, IWP 6/12 was disbanded.
Since that time IWP 6/1 reviewed many items
of predictions development. It monitored activi-
ties elsewhere and continued to study various
aspects of ionospheric mapping and modelling
and the determination of propagation effects.
The respective merits were compared of
grid-point storage, Jones-Gallet basis functions
(Jones et al., 1969) and simpler empirical rela-
tionships (Damboldt and SiiBmann, 1986; Le-
vine et al., 1978) for representing ionospheric
data (Banks et al., 1983). Better ways of deter-
mining ionospheric absorption (Peres, 1990)
and auroral absorption (Zhulina et al., 1984)
were addressed. Approaches to circuit reliabil-
ity estimation were considered (Maslin, 1978).
Responses to a survey questionnaire among ra-
dio users on requirements for propagation pre-
dictions were collated (Bradley and Vernon,
1984). Operational mainframe prediction meth-
ods in use within Argentina, Australia, China
and India were examined (CCIR, 1978; Lak-
shmi et al., 1987; Turner, 1985).

In the light of the results of the accuracy
tests for the Report 894 method in comparison
with the more complex methods and noting the
delays in subsequent sessions of the Broadcast-
ing Conference, it was deemed inopportune at
that stage to try to develop a radically new pre-
diction method. Instead, efforts were devoted to
improving the Report 894 method accuracy and
in seeking to enhance its applicability. IWP 6/1
was instrumental in introducing a number of
changes to that method which were approved
by the 1996 (Dubrovnik) and 1990 (Dusseldorf)
Plenary Assemblies, including those to allow
for the range dependence of mirroring height
and to better model antipodal focusing and the
method of distance interpolation on 7000-9000
km paths. The procedure was extended to in-
clude the estimation of signal/noise ratio Low-
est Usable Frequency (LUF) and circuit reli-
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ability. Expressions for available signal powers
were formulated which include summing the
separate mode components, also taking account
of receiving antenna gain. Interactions were
maintained with IWP 10/1 tasked to develop an
agreed set of gain expressions for the range of
antennas in common use (CCIR, 1988; Gibson,
1989). A meeting of IWP 10/1 hosted by Vati-
can Radio was held in Rome in February 1991.
Italian contributions included comparisons of
theoretical and measured antenna radiation pat-
terns. Mainframe and microcomputer programs
for the latest version of the Report 894 method
were developed, tested internationally, docu-
mented and forwarded to the CCIR Secretariat
for distribution and sale.

7. Microcomputer predictions

The rapid proliferation of microcomputers
in the first half of the 1980’s led to the evolu-
tion of a number of different propagation pre-
diction procedures for microcomputer evalua-
tion. Such procedures were developed both by
commercial organisations and in a significant
number of cases by radio amateurs and other
enthusiasts. One method was produced in Italy
by RAI staff. Each designer of a procedure
chose to include those aspects he considered to
be important and, although many had common
elements, probably no two were completely
alike. The first procedures to be evolved were
simplifications of mainframe methods, but as
storage capacities and computing speeds in-
creased, so did method complexities. Report
1013 gave a specification devised by IWP 6/1
for a proposed CCIR microcomputer method.

The IWP met in Lannion, France in 1986
to review available methods. Several groups
brought their equipment and programs and
demonstrated these. A set of standard compari-
son circuits and operating conditions was speci-
fied. A questionnaire was formulated seeking
details of available methods together with sam-
ple results, and this was distributed to more
than fifty groups worldwide known to be active
in the area. Responses were good and a survey
report was issued presenting replies (Bradley
and Vernon, 1988). There was concern though
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that it would be impossible to continue to main-
tain awareness of all methods being produced,
and by the time of a subsequent Working Party
meeting in Brasilia in 1988 the conclusion was
reached that it would be feasible to have a mi-
crocomputer version matching without signifi-
cant simplification the mainframe version of
the Report 894 method. This view was accepted
by the Study Group and the IWP proposal to
delete Report 1013 was adopted.

Groups in France and the U.K., active
within the IWP, had each developed microcom-
puter procedures closely following the Report
894 method. So the decision was made to com-
bine these. A series of different graphical and
tabular outputs were provided. A cursor-inter-
active input arrangement included adequate
«help» instructions and was versatile in allow-
ing many inter-related calculations with a mini-
mum of separate input data. This well-docu-
mented program (REP894) was available on
floppy disk from the CCIR Secretariat, together
with other disks containing the associated iono-
spheric reference data needed for its evaluation.
The IWP also furnished the Secretariat with a
microcomputer program MUFFY for the esti-
mation of maximum and best frequencies that
can propagate over point-to-point links. This
followed the procedures of Part 12 of Report
340 (as now embodied in Recommendation
ITU-R P.1240).

8. Signal-strength measurements
and Data Banks

Early studies of the accuracy of contending
prediction procedures used different measure-
ment data sets. Comparative results were there-
fore inconclusive and the need for an independ-
ently agreed data set was evident. When in
1977 attention returned to the establishment of
a data bank of measurements, initially in order
to test the relative accuracies of the methods of
Report 252-2 and Supplement, only two groups
were systematically making signal-strength
measurements. Standard time transmissions
from U.S.A. and Japan were being monitored
by the Japanese Radio Research Laboratories
and the strengths of signals from a number of
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different transmitters, mainly those radiating
meteorological information, were recorded by
the Fernemeldetechnische Zentralamt (now part
of Deutsche Telekom), Germany. Under IWP
6/1 initiatives these data were subjected to in-
tensive scrutiny regarding the calibration fac-
tors that were applied, and a method of data
normalisation was evolved to give equivalent
sky-wave field strengths and available receiver
powers for 1 kW isotropic transmitter radiation.

A plan of campaign for predictions compari-
sons was evolved, and because of differences in
amounts of data it was agreed to formulate a
data set (later designated Data Bank A) consist-
ing of monthly median values for the even
hours for just four months of the year and only
for a limited selection of years for each circuit.
Later, other groups furnished data, notable
amongst these being All India Radio and the
European Broadcasting Union (EBU), provid-
ing information for a range of broadcast cir-
cuits. A second smaller data set (Data Bank B)
was assembled in June 1982 and subsequently
this was combined with the first data set to give
Data Bank C. Efforts were made to stimulate
further data collection initiatives through ap-
propriate CCIR Resolutions. In conjunction
with the U.K. administration, a completely re-
vised Report 253 was produced discussing how
measurement data should be collected, tabu-
lated, analysed and forwarded to the Secretar-
iat. Subjects addressed specifically within the
IWP included the minimum number of days in
a month that measurements need to be collected
in order to provide meaningful results, data tab-
ulation arrangements, and how to normalise the
measurements to corresponding sky-wave field
strengths so as to be compatible with predicted
parameters. Lengthy debates one evening in
sessions at an TWP meeting in Abingdon, U.K.
in 1985 led to a simplified algorithm for eleva-
tion-angle determination needed to allow for
antenna gain in the data normalisation process,
but with which some participants still have mis-
givings. Rules were devised for computing me-
dian values when dealing with incomplete data
sets. In March 1986 a new Data Bank D was
created including all measurements that passed
the agreed scrutinies with regard to likely accu-
racies and sampling procedures. It embodied
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the data from Data Bank C, together with some
additional results. Normalisations had been ap-
plied as agreed in Abingdon. Data Bank D con-
sists of more than 16000 monthly median
hourly measurements for 181 circuits with fre-
quencies ranging from 2.5 MHz upwards. A
slightly corrected version, Data Bank D1 issued
in January 1989 remains as the definitive set for
use (SiiBmann, 1989).

Many IWP 6/1 participants, including those
from Italy, also took part in the activities of
IWP 6/14 (Chairman Th. Damboldt, Germany),
established by Study Group 6 in 1987 to make
recommendations for a new coordinated inter-
national programme of field-strength measure-
ments. These data were needed, it was argued,
in order to improve the propagation model to be
used by the high frequency broadcasting con-
ference. A Vienna meeting of IWP 6/14 in Oc-
tober 1987 led to proposals for an ambitious
network consisting of 9 globally distributed
dedicated transmitters radiating coded informa-
tion with any number of remotely operated and
micro computer-controlled receivers recording
data on floppy disk (Report 1149). Regrettably,
despite the repeated efforts of Director CCIR
to gain the support of administrations for this
campaign, the necessary resources were not
forthcoming to allow it to be introduced, though
transmissions from Melbourne, Australia and
Stavanger, Norway were initiated.

The 1989 Study Group 6 Final Meeting
transferred further data collection studies to
new IWP 6/15 (Chairman N. Wakai, Japan).
Close relations continued with IWP 6/1 and in
December 1990 a joint Geneva session was
held. It was agreed there were outstanding
problems still to address regarding data nor-
malisation, the merits of having a new data
bank with all values expressed in available re-
ceiver power and whether it is desirable and
feasible to have a data bank containing daily
values. These matters were considered in later
years via new groups. The particular advan-
tages of having signal measurements expressed
as equivalent available receiver powers has
been recognised in that thereby inconsistencies
are avoided arising from differences in antenna
gain allowances in the predictions and with
the measurement normalisations. Some progress
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has been made in recent years towards the com-
pilation of a new data bank with values ex-
pressed in available receiver power.

9. Prediction-measurement comparisons

Throughout its lifetime IWP 6/1 made many
studies involving comparisons of predicted and
measured field strengths and contributed results
for inclusion in Report 571 summarising such
information. It became evident during this work
that there are a number of problems in mak-
ing deductions from such comparisons not a
straightforward matter. When there is a mea-
surement and a prediction, a difference can be
determined. But what if one or the other is
missing? Is that case always ignored from the
sample? Are we to have different sample sizes
when comparing separate predictions with the
same data set? What parameter should be used
as a figure-of-merit of a given prediction proce-
dure? Some methods include a normalisation
factor to eliminate the median error, so should
the r.m.s. difference regarded as indicative of
the spread of results be what counts? Are pre-
dicted median values those appropriate to all
days of the month, or only those that propaga-
tion is deemed possible? What happens when
the fractions of days predicted and measured
differ? At this time not all such questions are
still completely resolved.

Attempts have been made to formulate com-
parison procedures in terms of daily measured
values, but these are not yet fully evolved and
currently there are no agreed measurement data
sets to use. At the Brasilia (1988) meeting IWP
6/1 proposed a standard procedure for predic-
tion-measurement comparisons using monthly
median data with results shown grouped sepa-
rately in various ways as a function of path
length, latitude, frequency, time etc. This was
adopted as Report 1150 and all existing CCIR
recommended field-strength prediction meth-
ods including that proposed to the HFBC
have been evaluated and tested in this way
(StiBmann, 1988). Examples of the types of
comparison statistics thereby produced are
shown in table I. The technique remains current
within Recommendation ITU-R P.1148-1.
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10. Review of the propagation method
adopted by the 1987 HF Broadcasting
Conference (HFBC-87)

HFBC-87 in its Recommendation 514 in-
vited the CCIR to study and if necessary to
make recommendations for improvements in its
method of modelling propagation effects. This
task was assigned by Study Group 6 to IWP 6/1
with the remit that a first report be prepared for
approval by the 1990 Plenary Assembly and a
second and final report be made available
17-months before the scheduled follow-on
1993 Conference. The resulting revised HFBC
method is a development of the method pro-
posed in 1981 by IWP 6/12. Since too the
CCIR version on which it is based had under-
gone two rounds of revision, there then became
important differences between the two methods.

IWP 6/1 met in London in January 1990
having perused carefully the associated com-
puter codes, catalogued the areas of commonal-
ity between the two methods and highlighted
the differences (CCIR, 1990). It noted which of
these differences in its opinion were important
and which not. It made three specific recom-
mendations for change in the HFBC method:
i) the possibility of screening of F,-layer re-
flected modes by the E-layer should be tested
for path lengths up to 9000 km; ii) the formula
for antipodal focusing should be changed to
one more consistent with observational data;
and iii) logarithmic as opposed to linear inter-
polation of field strength should be applied be-
tween the short and long-path predicted values
over the 7000-9000 km distance range.

Certain aspects were noted as requiring fur-
ther study and these were considered at length
at a final meeting of IWP 6/1 held at Klein-
heubach, Germany in May 1991 (see Plate).
New methods of determining ray-path elevation
angles, locations of control points, and several
different approaches to estimating the addi-
tional losses that arise for frequencies above
the basic MUF, for which it is believed propa-
gation is sustained by ionospheric scatter and
ground sidescatter, were addressed at length. The
second CCIR report to the 1993 conference
(CCIR, 1991) includes a full specification of
the recommended HFBC method and provides
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then latest available values of the standardisa-
tion factors L, and L,, which are the empirical
correction terms embodied in the method so as
to eliminate median differences when com-
pared with Data Bank D1.

11. Concluding remarks

IWP 6/1 had only three chairmen over its
lifetime: D. Lepechinsky (France; 1956-1964),
G.W. Haydon (U.S.A.; 1964-1975) and P.A.
Bradley (U.K.; 1975-1991). Over the years
there was active and sustained participation
from representatives of 17 countries and five
private operating agencies, as well as stalwart
support from both the CCIR and IFRB Secre-
tariats. Overall, more than 350 documents were
generated — nearly a 2 m wide library. As well
as work conducted by correspondence there had
been more than twenty specifically scheduled
meetings together with other informal discus-
sion sessions. Several individuals personally
contributed to the work for over a decade.

Nonetheless, when the Working Party was
disbanded in 1991 with the re-organisation of
CCIR committees there remained significant
studies that should be pursued further, even if
many of these had been with the IWP since its
inception. The importance of scatter propaga-
tion, whether from the ionosphere or ground,
needed more consideration. Then available pre-
dictions were sorely deficient in not properly
allowing for receiving antenna gain and the en-
hancement of existing computer codes with an
approved library of antenna gain routines had
to be seen as a priority. More work was needed
to refine the models of ionospheric absorption,
particularly for the higher latitudes. Resolution
was wanted of the respective merits of different
methods of reliability determination. Other mat-
ters too needed to be addressed.

Following the revision of CCIR working
practises, studies formerly conducted within
IWP’s were transferred to new Working Parties.
Working Party 6A, also chaired by P.A. Bra-
dley, made progress along some of the
above lines. In particular, yet a further new
field-strength prediction method (Recommen-
dation 533, currently Recommendation ITU-R
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Members of IWP 6/1 at their 1991 final meeting at Kleinheubach, a Schloss (Castle) situated on the banks of
the River Main which is a tributary of the Rhine in Germany. Kleinheubach Schloss is a study centre of Deut-
sche Telekom. In the picture (from left to right) are Noboru Wakai (Japan), John Wood (USA), Mike Dick
(U.K.), George Lane (U.S.A.), Kevin Hughes (CCIR Secretariat), Peter Siifmann (Germany), Peter Bradley
(Chairman U.K.), Thomas Damboldt (Germany), Angela Vernon (U.K.), Les Barclay (Chairman Study Group
6, UK.), Don Ross (Canada), Richard Davis (U.K.), Jurgen Hortenbach (Germany), Mashhour Zamanian
(Iran), Rudi Hanbaba (France), Rodoljub Medan (Yugoslavia), Ian Davey (U.K.), Alberto Torres-Marin
(Spain), and Ayumu Ohta (Norway).

P.533-5) was generated as a development from  the same participants, and from January 1997
the Report 894 method. A new Recommenda-  the tasks of HF predictions improvement has
tion was formulated for reliability determina-  continued under the chairmanship of R.
tion. This is taken as the probability that a re- ~ Hanbaba (France). A companion paper de-
quired signal/noise ratio will be attained and  Scribes more recent developments.

is given in current Recommendation ITU-R

P.842-1. Ongoing groups examined improved

methods of estimating ionospheric absorption Acknowledgements

and above-the basic MUF losses. The collec-

tion of additional measurement data and their Acknowledgement is made to Mr. Alfredo
standardisation remain important topics (Rec- Magenta of Radiotelevisione Italiana (RAID),

ommendation ITU-R P.845-3). In 1994 Work-  International Chairman of Study Group 10
ing Party 6A became Working Party 3L with (Sound Broadcasting) of the Radiocommuni-
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cation Sector of the International Telecommu-
nication Union, for the provision of information
describing Italian activities in the above fields
of study. Thanks are extended to Professor N.
Wakai, formerly of Tokai University, Japan and
to Mr. G. Lane, formerly of Voice of America,
U.S.A., for the provision of the Plate photo-
graph.
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