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SERVICES BELYING ON HF

At HF there are a multitude of frequency sub-bands for
the different services with many of these being shared among
services, Some sub-bands are common to the land moblle and
maritime mobile services; others are separate. Of the 28
MHz of available spectrum this 18 estimated as being
occupled approximately as follows;

Fixed service 55%
Land and maritime moblle services 15%
Sound broadcasting service 15%
Aeronautical moblle service 10%

The remaining 5% of spectrum is used by the amateur service,
the standard frequency and space-research services.

Maritime elements include coast stations, ship statlion
radiotelephone working to coast stations and intership work-

~lng. Aeronaut:cal systems include single-sideband HF radio-

telephone links between aircraft and the ground in the aero-
nautical mobile channels of the 2-22 MHz band and radio-
teletype links between ground terminals in the aeronautical
fixed channels in the 2,5-30 MHz band. Variations in fre-
gquency allocations between different geographical regions
arise principally from changes In operational reguirements,
rather than from propagation effects. However, the tropical
region has been defined to allow specifically for the 4dif-
fering propagation phenomena and increased background noise
from thunderstorms at low latitudes. Some broadcasting in
the tropical zone i3 permitted between 2300-2495 kHz, as
well as in three other special sub-bands in the lower part
of the HF band,

There i3 currently an wupsurge In the use of the HF
band, both for civilian and military applicationsa, Whereas
the majority of long-distance fixed radic circuits now rely
on satellites and cables, increases in the numbers involved
mean that there are actually more HF circuits than say 20
years ago. Particularly for military purposes, HF systems
are regarded as providing a necessary back-up service to
fixed links prilmarily established by other means, High fre-
gquencies create a useful way of establishing communications
with small igolated communities in such places as the Arctic
and Middle Eastern desert areas,



REQUIREMENTS FOR_PROPAGATION PREDICTIONS .3

System Design

Long-term predictions bascd on estimates of propagation
conditions are needed for cadlo-circult design. Ray-path
launch and arrival angle data are of value for optimum
antenna determinatlons. Studles of the relationshipas be-
tween tranamitter power and recelved field strengtha at a
range of fregquencles enable the necessary alze of trans-
mitter and {ts frequency coverage to be determined, when
also the nolse background intensities are known. There ls
no major restriction on the permlssible amount of calcula-
tion or the speed with which the results are needed;
accuracy ls the prime conslderation.

Service Planning

To date, relatively little effort has been applied on a
worldwide basis to the optimisation of the different radlo
services; most of these have grown in a haphazard fashion.
Frequency sharing is a useful means of optimlsing spectrum
"utilisation but any changes to current practlice need very
careful review before being introduced. There is plenty of
scope for further studies based on long-term predictlons to
determine the ideal service-planning strategles,

Frequency Management

Frequency management may be defined as the selection of

the frequency to use on a particular occasion from those -

assigned and available. Given a realistic set of assigned
frequencies, frequency management In principle could be
sided by some form’ of short-term prediction procedure, It
is evident that any short-term method adopted needs to be
capable of rapid evaluation and requires on-line data links
to a mainframe computer, or local use of a microcomputer.
Such an approach must be seen in pevrspective in comparlson
with alternative technlques such as path sounding and real-
time channel evaluation and in the light of exlsting operat-
ing practices which differ appreclably for the separate
radio services, Military appllications for rtrellable short-
term predictions can be envisaged but most clvillan systems
work satisfactorily with the user selecting the best of a
number of simultaneous transmissions. In all cases storm
predictions would be of particular value,

PRINCIPLES OF LONG-TERM PREDICTION AND AVAILABLE
TECHNIQUES

Introduction

Prediction procedures give estimates of median values

of the maximum usable frequency (MUF), received signal
strength, background noise and lowest usable frequency

(LUF), and indicate their diurnal, seasonal and solar-cycle
variations. The techniques adopted usually involve the

following atages 3 (1) determination of a representatlive
model of tha electron concentratlon over the propagation
path, taken a8 being along the great clrcle between trans-
mittar and recelver, {il) some kind of ray pssesament lead-
ing to an estimate of the modes present, (111} calculation
of the recelved signal intenaity iIn terms of the various
peparate transmission-loss factors judged to be significant,
{iv) eatimation of the intensities of atmospheric nolse and
background man-made nolse arising from unintended emieslons,
and {v) cholce of some teference required aignal/nolse ratio
to yleld an acceptable grade of service, '

Model of the Ionosphere

A first regquirement for accurate predictions must be a
model of the vertical distribution of electron concentration
in the E and F reglons, This needs to take account of the
known large geographic and temporal variations in the lonos-
phere, The most extensive lonospheric data base s that
derived from the world network of lonosondes., Hence models
have parameters glven by empirical equatiofns In terms of the
fonospheric characteristics which are scaled on a routine
basis at all Jcnosonde stations., The model adopted by the
CCIR as yielding the best fit to measured data consists of
parabolic E and F2 layers and a llnear increase of electron
concentration with helght in the Fl reglion (1).

Numerical Representation of the Ionospheric
Characteristica

To generate the model for a given place and time, pre-
dicted values of the lonospherlc characteristics are used,
Numerical representations have been applied to past measured
vertical-incldence ionosonde data from many locatlions
throughout the world where standardised recordings atre made
each hour of every day. The CCIR has produced an Atlas (1)
giving monthly median estimates by means of charts, nomo-
grams and computer-based formulations. foE and foFl are

obtalned from empirical expressions which assume a vaviation:

with latitude, tlme-of-day and season depending on the
solar-zenith angle y. A solar-activity dependence 1ls in-
cluded in terms of Ry the smoothed sunspot number.

There are separate computer formulations for foF2 and
M{3000}F2 for every month of two reference years with an
assumed linear dependence on Rjy for intermediate sgolacr
epochs, Each consists of orthogonal polynomial expressions
in terms of geographic latitude ), gecgraphic longltude o
and Universal Time T. The general characteristic a{,e,T)
is expressed as a time serlesn:

a(r,8,T) = § laj {»,0) cos jT + bj {r,0) sin T} {t 1
3

where the a's and b's give the latitude and longitude
variations, being defined as:

L
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aj(A,G) - { UZj,k

Ge(Ar0)

by(r,0) = iuzj_l,k.cku.e) { 2)

The U's are numerical coefficients and the

. _ G's are
trxgqno:etric functions of geographic longitude and a
combine geographic and magnetic latitude ara

Several tens of thousands o s ved i

ey a f coefficients are involved in
defining foF2, M{3000)F2 and the other

characterisgics which are repregsented in this
These coefficients are contained on a speclal data tape,

Fig, 1 gives an example of a
prediction map for foF2 for
one epoch based on 988 numerical coefficients v,

ionospheric
same way.

L ]

Fig. l Predicted median foF2, MHz for 00 h UT in
March 1958 (from CCIR Report 340)

Basic MUF, Operational MUF and FOT

Propagation by means of F2-, E- and Fl modes i
for, depending on the path length. The path bsaslii: a':l}gwn;:
taken_as the highest basic MUF of any mode reflected from
the d{fferent layers, so that it is necessary to first
determine the Separate F2-, E- and F1-MUF's depending on the
path length. Basic MUF's may be evaluated by ray-tracing
pProcedures, However, a simpler alternative approach recom-
mended by the CCIR takes them ag the product of critical
frequency and an ‘*M'-factor given from empirical equations
as a function ef path length and reflecting layer height

For Path lengths beyond 4000 km the so-callegd éwo-
control-point procedure is uged in which the path MUF is
taken as the lower of the two MUF's for a 4000 km ho
centreq on locations 2000 km along the great cirecle from thz
transmitter and receiver, Although there is no rigorous
basis for this approach and opinions are divided on its

merijit i i i j
tio;s?' its use is considered justifiable in many applica-

The operational MUF is the highest freguency that would
permit acceptable operation of a radlo service between given
terminals at a given time under specified working condi-

tions, It depends, among other factors, upon the types of
antenna used, the transmitter power, class of emission,
information rate and required aignal/nolse ratio. The

differences between the operational MUF and the baslc MUF
can be explained by variocus 1onospheric phenomena, such as
scattering in the E and F reglonsa, off-great-clrcle propaga-
tior. and propagation by unusual modes when lonisation
irregularities exist; also spread-fF may be an Important
factor, Empirical relationships between the operational MUF
and the basic MUF are available (2).

The frequency of optimum traffic {(FOT), known alter-
nately as the optimum working frequency, is defined as the
higrest frequency that |is likely to propagate at a given
time between a specified pair of terminalas via any ionos-
pheric mode for 90% of the daya. It is given in terms of
the monthly median predicted path operaticonal MUF from a
knowledge of day-to-day ionospheric variabilley. The E- and
Fl-layers experience relatively little variability from one
day to another, and when these control the path MUF the FOT
is taken as 0,95 of the MUF. For F2-modem F ¢ the ratio of
the lower decile to median MUF, has been eJhluated from a
wide range of past asignal measurements and tabulated as a
function of solar epoch, season, local time and geographic
latitude to provide a reference set of values (3).

Oblique Ray Paths

The assessment of the active modes and their elevation
angles is based on a representation of the ray paths by
undeviated propagation between the ground and mirror-
reflecting points 1in the {ionosphere. The heights of the
mirroring points are taken as the virtual heights of reflec-
tion of waves of ‘equivalent'® frequency at vertical inci-
dence. Raypaths are assumed to follow the great circle and
in some predictions are deduced from a single mode! of the
vertical distribution of electron concentration taken as
applying over the whole path. The values of the parameters
of this model are glven in terms of the average of the pre-
dicted ionospheric characteristica at defined positions,
depending on path length,

Lockwood (4) has developed empirical relationships
giving mean mirror-reflection height over a band of fre-
quencies below the basic MUF as a function of time, location
and path length, Other techniques involve a different model
icnosphere for each hop of the path, Oblique ray paths at a
given wave frequency to a particular ground range can be
determined by an iterative process for rays launched in dif-
ferent directions, Longitudinal tilts in the neighbourhood
of ray reflection can be estimated from changes in virtual

heights and allowed for in terms of a tilted plane-mirror
mechanism,
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Signal Strength

General, Two different approaches to sky-wave
signal-intensity prediction are possible, One s to fit
empirical equations to measured data for different paths,
times and frequencies. The other is to estimate intensity
in terms of a number of separate factors known to influence
the signals, These factors may be given by expressions
which have been deduced either from theory or measurement.
Unfortunately both approaches have limitations. The former
is likely to be simpler but unless a large data base exists,
trends must be inferred and are liable to error. The latter
approach is conceptually more elegant and enables variations
to be specified in a physically meaningful manner. However,
there remains the possibility of error due to failure to
allow for a significant term or to an inexact allowance.
There is also a likelihood of devising a method which is
over-complex and for which the accuracy achieved does not
merit some of the complications that have been introduced.
Existing models differ in regard to what factors to include
and what allowances to use for these.

Monthly median values of mean available recelver power
for the separate propagation modes are determined in terms
of transmitter radiated power, transmitting and receiving
antenna gains and the basic transmission loss,

P, = P+ G, + G, - L, « 3
where Pt = transmitter power (dBW)
P_ = received power (dBW)

Gt = transmitting antenna gain (decibels relative to
an isotropic antenna)

G, = receiving antenna gain (decibels relative to an
isotropic antenna)

Lb = basic transmission loss (decibels).

The corresponding rms sky-wave field strengths E
(4B>1wW/m) are given in terms of P. by

E = Pr + 20 loglu £ + 107.2 { 4)

where f is the wave frequency in Megahertz,

Antenna gain. Antenna gains are those appropriate
to wne raypath launch and arrival angles. Because of un-
certainties in determining these angles, models of antenna
Performance which include sharp nulls should be avoided.
Instead, use of smoothed reference antenna patterns with
nearest equivalence for non-standard types is recommended,
such as those now being adopted for broadcast planning (5).
At this time reference patterns for antennas typically
employed on point-to-point links are in preparation.

_Spatial attenuation and focusing. For the estima-
tion of basic transmlsslon loas the spatial attenuation is
taken to be that which would arise in free space at a dist-
ance eqaal to the mirror-reflection slant-path total length.
Ray-patn convergence focusing may be allowed for by means of
empirical equations derived from raypath calculations for
sample ionospheric conditions. Hoxrizon focusing, which
arises principally on low-elevation paths, is given separ-
ately for E and F-modes as a function of elevation angle,
It is taken as having a maximum value at grazing incidence
determined by ionospheric roughness of 9 dB. Other egua-
tions predict the antipodal focusing that occurs on very
long paths,

lcnospheric absorption. Equations for the normal
1onospneric absorptlon arising at low and middle latitudes
may be based principally on measured vertical-incidence data
and the results of ray calculations for sample model ionos-
pheres or on oblique-path measurements. It Is to be noted
that the absorption experlenced in traversing a thin slab of
ionisation is directly proportional to the product of the
electron concentration, the collision frequency and the slab
thickness, and inversely proportional to the refractive
index. The important advantages of one such procedure (3)
based on vertical-incldence data are that:

(i) the variation with frequency includes an allowance
for the change in height of reflection and for the
Jifferent refractive Indices at different heights,
also for the way these depend on path obliqguity.

(ii) latitude and seasonal variations 1indicated by the
measurements are included iIndependently from the
diurnal variation (Fig. 2). In other prediction

methods position and time changes are combined via an
assumed solar zenith-angle dependence.

(iii) finite absorption is predicted at night-time.

Explicit allowances may be included for auroral absorp-
tion arising at high latitudes from precipltating-particle
induced ionisation, The absorption is taken by Feppiano and
Bradley (6) as resulting from two separate sources of par-
ticles. For each there is a gaussian variation with lati-
tude and time-of-day about the maximum value. Longitudinal
and seasonal dependences are included. Important solar-
cycle changes in the intensities, positions and widths of
the auroral absorption zones are also modelled in the repre-
sentation.
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and smoothed sunspot number of zera
(from Supplement to CCIR Report 252-2)
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where I = magnetic dip in radians and
A = geographic latitude

X = arctan

Polarisation-coupling loss. When an upqoing wave
1s inciagent on the ionosphere [t leads to the excitation of
an ordinary (0) and an extraordinary {(X) wave. These twc
waves have different but related polarisations which change
ag they progress, may be regarded as propagating indepen-
dently within the ionosphere, and are subject to different
amounts of absorption. The polarisation of a wav: radiated
fr9m a transmitting antenna depends on the antenna configur-
ation and the wave direction and frequency: likewise for the
wave polarisation to which a receiving antenna responds,
Waves travel through free space with unchanged polarisation
but the power coupling between incident or emergent waves
and the 0 and X-waves at the base of the ionosphe=-e depends
on their relative polarisations., This coupling nay be ex-
Plicitly calculated using the magnetoionic expressions for
wave polarisation. In particular these require a knowledge
of the wave and Earth's magnetic-field directions, The X-
vave absorption may also be estimated and the resultant
received power from the O and X-waves thereby dedu:ed,

Sporadic-E losses., Improved understanding of the
properties of sporadic-E ionisation now permits the in-
clusion of allowances for reflection from and transmission
through this layer (3). These allowances are based on
oblique path measurements at HF and VHF. Es-modes are
assumed to be mirror reflected from a height of 110 km and
the resulting reflection loss is given as an empirical
function of distance, mode order, and the ratio of the wave
frequency to foEs. Other equations give the obscuration

loss of transmitted waves in terms of this ratio and eleva-
tion angle, Sporadic-E obscuration losses suffered by F-
modes are calculated separately for each leg of each hop.

Above-the-MUF loss, Strong signals are often
received at frequencles above the predicted MUF, not just
because of prediction errors, The predicted values are
monthly median figures so that for half the days the lono-
sphere can support higher frequencies. Other reasons are
that significant signal contributions arise via sidescatter
paths and from sporadic-E modes. It has also been suggested
that the regular F-layer is composed of separate patches of
lonisation each with its own MUF. This would mean that the
number of patches supporting wave reflection fallas with in-
crease of frequency, no single freguency giving an abrupt
cut~off, A Bingle empirical allowance for these separate
effects based on measured data is included in the trans-
mission loss expresasion (3). This takes the form of an
above-the-MUF loss term Ly which increases with increase of
frequency., It is 0 dB at the basic MUF and has a value of
20 dB for a frequency of 1.4 times the basic MUF.

Ground-reflection loss. Multiple~hop ground-
reriection Tosses are evaluated in terms of Fresnel ground-
reflection coefficients for vertically and horizontally
polarised waves. These depend opn frequency, elevation angle
and ground ccnstants as deduced from a numerical world map
of ground conductivity and relative dielectric constant, In
the absence of a full polarisation treatment, circularly
polarised incident waves are assumed.

. Exc2ss-system loss and prediction accuracy. An
acditionai” term Included In the baslic transmission loss s
known as the excess-aystem loss. This {3 intended to take
account of losses not explicitly allowed for. Reference
values of excess-system loss in the range 9-29 4B adopted
from measured sgignal data depend on midpath geomagnetic
Jatitude and time of day, seascn and whether short or long-
paths are involved.

For the purposes of testing the accuracy of HF signal
prediction models, the CCIR has established a data bank of
past measurements and has formulated standardised procedures
for the colleetion, tabulation and analysis of future data.
A representative sample of the data already deposited for 16
paths with ranges of 450-16200 km is available. The
measurements have been normalised to give the corresponding
monthly median values of rma sky-wave field strength for 1
k# radiation from an isotropic transmitting antenna. A
further fixed factor can be included in predictions based on
such tests to make the median error zero. When this is done,
typically for 90% of the paths and hours the rms difference
is less than 20 dB.

System Performance

HF prediction methods usually yleld monthly medians of
hourly smoothed field strengths and available receiver
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powers and their statistical day-to-day variations. The
distributions of daily MUF are assumed to follow a given
law, so that it is possible to determine for each wave
frequency and examined mode the fraction of days for which
that mode can exist over the path. This 1s known as the
availability,. Reference values exist for the upper and
lower standard deviations of the day-to-day signal varia-
bility to permit the estimation of the signal strengths
exceeded for different fractions of the month.

The type and quantity of information to be zonveyed
over a proposed radio circuit determine the molulation
system and necessary receiver bandwidth, The next step in
the circuit design is to specify the wanted signal/noise
power ratio at the receiver. Reference minimum signal/noise
ratios judged to give satisfactory reception for different
services are available (7).

An important monthly median system performance para-
meter is the LUF or lowest usable frequency for which the
monthly median signal/noise ratio equals that which |is
wanted. The LUF may be specified for a particular propaga-
tion mode, or for the circuit as a whole via any mode., Two
other parameters quantifying system performance are the
reliability and the service probability. Again these may
relate to a single mode or to the circuit as a whole, The
reliability of a mode is given as the probability tiat this
mode shall be" present and that its signal/noise pow2r ratio
equals or exceeds the wanted value. The day-to-day distri-
bution of signal/noise ratio is estimated by combining the
day-to-day variabilities of the signals and noise, assuming
these to be uncorrelated, and by again assuming that some
distribution such as the chi-square law holds. Thereby the
probability that a specified signal/ noise ratio will be
equalled or exceeded is given. On the assumption zhat the
day-to-day ionospheric changes influencing mode supsort are
not correlated with those giving rise to changes in signal/
noise ratio, the mode reliability is then taken as the pro-
duct of the mode availability and the probability that the
mode provides a specified signal/noise ratio.

All parameters used in the reliability predictions are
somewhat uncertain, and a standard errcr may be ascribed to
each. The terms involved include the uncertainty in the
predictions of the monthly median noise and signal powers,
and of the standard deviations of the noise and signal day-
to-day variations, The total uncertainty variance, found by
adding the appropriate individual uncertainty varia~ces may
be used to define an uncertainty distribution giving the
probability that a required reliability is achieved. ‘This
is known as the service probability,

By combining predictions for different modes, the
probability of multipath also can be estimated. Muiltipath
i3 defined as existing when two or more modes  are jointly
present having a difference in signal powers of less =han
some specified amount and a difference in group-pa:h times
exceeding a given figure. Predictions of multipath involve
a simple extension of the procedures described.

PREDICTION PROCEDURES

There are a large number of prediction procedures for
mainframe computer evaluation in use by different organisa-
tions. A selection of the more familiar of these is llisted
in Table 1. Table 2 provides an example of the types of
output vyielded. International coordination in prediction
procedure development is carrvied out under the auspices of
the CCIR. Mention should be made particularly of the method
of PReport B94 (2) produced and refined over the last few
years for use in service planning by the World Administra-
tive Radio Conference on HF Broadcasting, but also of
general applicability.

THBLE 1, Mainframe computer prediction models fgr
lonospherlic characteristics, MUF's, noise
and system performance

PROGRAM SOURCE
MODEL NAME ORGANISATION
IONOSPHERIC WOMAP CCIR
CHARACTERISTICS HRMNTH CCIR
MUF's MUFFY CCIR
MINIMUF 3.5 NOSC
HOISE NQISEY CCIR
HFMUFES ITS
SYSTEM IONCAP 1TSS
PERFORMANCE APPLAB RAL
PROPHET NOSC
AMBCOM SRI
CCIR 252 CCIR
CCIR SUP252 CCIR
REP 894 CCIR
ITS =~ Institute for Telecommunication Sciences, Boulder
Colorado
NOSC - Naval Ocean Systems Center, San Diego, California
RAL ~ Rutherford Appleton Laboratory, Didcot, Oxon
SRI -~ SRI International, Menlo Park, California.

The now widespread availabillity of microcomputers has
led to significant recent efforts both in the development of
microcomputer versions of mainframe programs and of other
programs specifically tailored to the resources of
particular machines. The portability of microcomputers
offers potential for applications not hitherto possible,
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TABLE 2

I3

Sample printout from the mainframe computer program 1ONCAP

POWER =

for system-performance prediction

- METHOD 1§ IONCAP 85,04 PAGE 2
JAN 19710 SSN = 100.
BOULDER, COLORADO TO ST, LOUIS, MO, AZ IHUTHS K. Ml XM
80.03 N 105,30 W - IB.6T N 90.25 W 9184 281.42 102.86 130 .1
MINIMUN ANCLE 0.0 DIGRELS

175« 1 ANTLNNA PACKAGE

EMIR 2.0 Y0 30.0 CONST. CAIN H 0.00 L 0.00 A 0.0 Orf

ACYR 2.0 TO 30.0 CONST. GAIN H 0.00 ¢ .00 A 0.0 OFF :i 3:3
5.0

MULYIPATH POWER TOLERANGE = 10.0 DB

uT  Mur

13.0 1.5

AL PR LR R R PR ET"IR L YRR R L

30.000 kW ) MHZ NOISE = -150.0 DBW  REQ. REL = .90 REQ. SHR = 5

RULTLPATH DELAY TOLERANCE = 0.850 MS

2.0 2.6 3.1 3.2 3,7 4.} 4.9 54 6.0 6.6 7.2 FRLQ

VE YE Y2 Y2 12 w2 VF2 1F2 1F2 VES 1fS5 MODE

5.6 6.0 2Y.4 2Y, 4 21,3 2Y,5 22.0 23.1 25%.5 6.6 6.6 ANGLE

B0 Wb B9 MY LS W% MY WY ST 4l 4y DLLAY

99. 10). 302, 302. 299. )0), 310. 3PS, 362, V0. 11D, ¥ HITE

1.00 0.97 .00 Y. 00 1,00 0.98 0.92 0.17 0.%% 0.72 0.67 1 DAYS

TI00 100, 3000 I, V1%, Mk VY4 1Y, NN, 128, 427, LOSS

9. 1. w9, w8, 50, %2, 52, 33, %), 47, 41, DBu
“6) -84 -68 -68 -61 <67 -48 -68 -69 -76& -B1 S5 DBwW
=Y =1U6 ~1U8 =108 -1 =151 =152 ~15) =155 =156 =157 N DBW
BO. 82. B80. T9. 8. AY. BU. B85 @86. 80. 717. SNA

. o=V6. =18, <17, =16, -18, -20. =3%, -20. -V6. -1%, =10. RPWRG

1.00 1.00 1.00 Y.00 V.00 7.00 1.00 1.00 1.00 0.99 0,99 REL

¢.00 0.00 1.00 1.00 0.98 0.00 0.00 0.00 0.00 0.00 0.00 MPROB
2.0 2.5 31 36 M.V 43 4T 5.2 ST 6.1 6.8 FALG
VOOVE YD OYE OAFZ VP2 WF2 1F2 1F2 165 LS &00[
5.3 3.5 5T 6.0 21.9 22.0 22.2 23.V 25.% 6.6 6.6 ANGLE
b bU LA NG LG 49 N9 50 ST N4 4.4 DELAY
$5. 98. 100. 10), 309. 310, M 326, 363, 110, N0, ¥V HITE

}
1.00 1.60 1.00 ©.96 0.97 0.96 0.
1

W6, W, S0, 2. Su. 31, 51, S1. %2, h&. us. pau
~66 -6 -66 (6 =63 -68 -69 -69 60 17 -80 § OPM
=ThN =146 =168 =150 =1%1 =152 =152 =154 =15% =154 =15%7 N DDW
TV. ®80. 82, B8). B6. AY., 8). bk, 835. 719. 771. SHR

v =)L =19, -20. =22, =20, <20, -19. =15 =10 =10, RPWKHG
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SHORT-TERM PREDICTION AND REAL~TIME CHANNEL SOUNDING

Short-term models for frequency management are directed
towards assessing the best frequency to use with an existing
system in the light of the prevalling ionospheric conditions
of the time. Therefore the requlrement is to generate
system-peyformance predictions of the form already
described, but with the forecast Llonosphere replaced by a
more accurate representation, The greatest fractional
variations in the E and F reglons arise in foF2. Hence a
useful improvement in modelling capability would be achieved
if it were possible to use near real-time values of foF2 and
to retain monthly-median estimates of the other ionospheric
characteristics.

Procedures invelving vertical-incidence sounders at one
of the path terminals to measure foF2 directly have only
limited wuse bacause typically the correlation of daily
departures from the median falls to a value of 0.7 in a
distance of about 2000 km for E-W paths and 1000 km for N-S
paths, Rush and Gibbs (8} have compared the accuracy of
forecasts of dally foF2 in terms of observed monthly median
models with those deduced from welghted means of the preced-
ing past days. Fig. 3 is an example from their published
results. They found that on average for a series of
locations and times the use of a previous five-day period
value gives estimates that are comparable or better than
from the observed monthly median. Nevertheless an
uncertainty of the order of 0.5 MHz exisats at all times and
when extrapolating to lcocations where measured data are not
available errors are likely tc be prohibitive,
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Fig, 3 Errors in estimates of daily values of
foF2 at Slouth using monthly median and
weighted means of past days measurements

{from Rush and Gibbs, 8)

Interest centres on the jdentification of precursors of
solar disturbances responsible for changes in the ionosphere
and in the Farth's magnetic field. Optical, X-ray and radio
emissions from the sun are observed daily at a number of
ground-~based sites and also aboard satellites, Ionospheric

n
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disturbances following solar flares occur either in close
time succession and last for several hours, or begin 24-36
hours later and last for several days. The former arise
from enhanced X-ray, ultraviolet and high-energy particle
radiation, while the latter are associated with lower-energy
particles.

Various attempts have been made to correlate daily fofF2
values with indices of solar and magnetic activity. During
magnetically quiet periods daily and 60-day average 10.7 c¢m
solar flux values are equally good in predicting hourly foF2
a day ahead (9). Ionospheric disturbance forecasts and
short-term prediction services are currently offered in the
USA by the National Oceanic and Atmospheric Administration,
Boulder Colorado and in the UK by the Marconi Research
Centre, Great Baddow Chelmsford.

There is much attraction and current interest in
developing intelligent receivers with embedded micro-
computers which incorporate a crude propagation prediction
for frequency management, real-time spectrum occupancy
measurement of assigned channels and real-time examination
of reception quality for potentially good channels to
identify the optimum, The next few years should sgee the
emergence of a variety of commercially available systems,
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