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ABSTRACT

A study is done using tvo HF propagation prediction programs " RADAR c
and 'AKBCOH - to determine how veil they predict median values of oblique
sounder data of maximum observed frequencies (MOF) at high latitudes. The
main differences between RADAR C and ANICON are the inclusion In the latter of
high-latitude ionosphere and auroral absorption models, as veil as a more
sophisticated and accurate ray-tracing scheme. The data used for comparison
are taken from Reference 11] for the Winnipeg-Resolute Bay path in the year

S.1959 (also discussed by Petrie and Warren (21) and from Folkestad (3] for the
Andoya-Ft. Nonmouth and Andoya-College paths in 1964. The data for the
Winnipeg-Resolute Bay corresponds to high sunspot number, while the others
correspond to low sunspot number. Hence, this study provides information on
the performance of the two programs for various high-latitude paths at both
high and low sunspot number.

ANBCON was found to give generally better agreement with the above data
than did RADAR C. Comparison of details of modal predictions from the two con-
puter programs for the above data-base is used to form an understanding of
this lprovement in prediction capability.

i- I INTRODUCTION

This paper begins with a summary of the differences between the basic
ionospheric models and raytracing assumptions made in constructing the RADAR C
and AMBCON programs. User options selected for this study are discussed in
Section 2. In Section 3, comparison of predictions from the two programs with
available oblique sounder data is presented with appropriate explanation. In
Section 4, the comparisons with data are discussed in terms of what they
reveal about the significances of the differences between the two programs,
and conclusions are formed regarding the apparent reasons for improved predic-
tive capability of A/BCOM over RADAR C. In the final section. suggestions for
directions in future work towards improving HF propagation prediction in high-

. latitude regions are sade.

SECTION 1 - SOME BASIC ASSUMPTIONS USED IN THE DEVELOPMENT OF RADAR C
AND AJIECOK COMPUTER PROCRAKS

The developmental histories of RADAR C and AMCK94 are different, and this
fact accounts for some of the differences between the two programs. RADAR C
was developed to predict performance of over-the-horizon radars (Headrick, ot.
&l. r4]. Lucas. et. al. (51). Thus, RADAR C has only a coverage option, not a
point-to-point or *homing" option. The propagation model is based on virtual
geometry and is essentially the same as that of ITS -78 (Barghausen, at. al. .
(61) and IONCAP (Taters, et. a.. (7]). ANBCOM was derived from the NUCOM -

program developed at SRI International (under the sponsorship of the Defense
Atomic Support Agency, DASA, and its successor, the Defense Nuclear Agency,
DNA). The purpose of NUCOM is to predict the effects of a nuclear disturbance
on ionospheric communication channels (Nielson. st. al. (8]). and as a part of

..... bi"- ve, ABCO was deve oped to predict HF propagation in an undis-
turbed, or ambient, ionosphere. The raytracing scheme in NUCOK/AMICOM was
developed specifically to permit the treatment of a non-horizontally
stratified ionosphere in the direction of propagation (i.e., it includes
modelling of longitudinal, but not transverse, tilts, so that propagation is %M
along the great circle path). AK.COM has both coverage and point-to-point op-
tions.
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-. :Table 1. extracted from an AMICOM user's manual prepared b 1
* International 191. highlights some important differences between the two

programs. Evidently, the two programs differ in several features relevant to
prediction of MI's, as discussed below.
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Oblua dock* coefficients in AMICO with high-latitude modifications introduced
by SRI International (Hatfield (101). RADAR C uses the unmodified ZSSA 'red
deckO coefficients.

(2) AMBOOK chooses up to 41 control points (depending an path length) to
determine local ionospheric parameters such a critical frequencies. whereas
RADAR C has a maximum of 4 control points available for the user to Input.

(3) APESCON models the Ionosphere with three parabolic layers of electron den-
sity as a function of height, and uses a semi-analytic. two-dimensional
raycracing scheme based on a method due to lift and Fookse (Nielson 1111). The

* ... physical bases of this scheme are the geometric optics solution to the wave
equation and Format's principle of minimum phase (Kelso [12)). RADAR C uses
vertical ionograms computed from a similar ionospheric model as AHICOK, and

- converts to oblique propagation using Hartyn's theorem (Davies. 1131). The
scheme used ini AHSCOH permits consideration of continuous ionospheric
gradients along the direction of propagation, whereas the RADAR C ache"e as-
sumes horizontal stratification of the ionosphere at each reflection point.

,0I An added difference. not explicitly noted in Table 1, is the fact that
- I ANBCOK is better capable than RADAR C of considering composite modes involving

reflections from the Z. Fl. and F2 layers, including topside reflections off
of the lower layers (R-modes), as well as chordal or perigee modes (i.e.. rays
which do not intersect the earth between layer reflections). as possible modes
of propagation. This improved capability of ANICOM is due to its more ac-
curate raytrace method, (e. g.. In AKSCOK it is not assumed that the angle of
incidence to a layer equals the angle of reflection). Although RADAR C is
also capable of considering composite modes, the assumption of horizontal
stratification prevents the consideration of tilts and chordal modes by this
program, as a result of which the majority of modes found by RADAR C turn out
to be simple siodes (all reflections being off of the same layer). In summary,
the treatment of modes in AJ4BCON is closer to physical reality than that in
RADAR C.

It should be noted here that neither of the programs is designed ex-
pressly for predicting maximum usable frequency (MUF) for a given model
ionosphere, so that the program output has to be interpreted to estimate a
MUfF. For this study, since RADAR C does not have a point-to-point option, its
output for a given condition is scanned for the maximum frequency whose ground
ranges (for some takeoff angle) bracket the receiver. this being interpreted

*as the HUF. In interpreting ANSCOM output, the point-to-point option Is
chosen, and it is assumed that all modes which reach the ground within 100
kilometers ground distance of the receiver, or all chordal modes which reach
less than 00 kilometers heitht uAbove rhP receiver ire iererrmblo -odpa- fl-aP



Sgn he- ranges in then* acceptance criteria are somewhat broader than normelly used
l- all noee (20 km height being a more common limit for chordal modes, for example), but
siet* I. i: are believed to be representative of the range of distances from which modes

can be detected, considering the accuracy of the Ionospheric model and
raytracing scheme, and broadening of the beam. The results of this study,

O. ,st 9" Judged by examining the output. are not highly sensitive to the choice of the
Ioo tile 6i above numbers.
F*Pep here-

SECTION 2 - USER OPTIONS TAKEN IN PERFORMING THE STUDY

Some of the user optiona available in the two programs are of relevance
to this study, hence are discussed below:

* ." (1) Four control points are used in this set of RADAR C runs, approximacely
""Aluhe. uniformly spaced on the great circle path between transmitter and receiver.

Ciy, Stej (2) Sporadic Z modes are not considered in this study (IOPES - 0 In AMBCOK,
.MO - I in RADAR c).

(3) 12 month running averages of monthly median sunspot number are used.
"onthly median values of magnetic Index K are used in AKMCOM. (RADAR C does
ntot use Kp

(4) In order to minimize the amount of computing time without a great
sacrifico In accuracy, only Integer values of frequencies In the range of I -
30 MHz are input for study in these programs. Thus the predicted maximum
usable frequencles have up to 0.5 MHz systematic bias on the low side, since
the actual MUF would be less than the lowest (integer) frequency for which no
propagation Is predicted by the raytrace scheme, but possibly higher than the
highest one found supported.

(5) The "bish-ray" calculation option in AMICON is chosen (HIRAY(I) - 0.6).
permitting identification of possible high-angle rays on a given path.

(6) In A3CON, take-off angles from 0 to 45 degrees are considered, with one
degree increments between angles. In RADAR C, two degree increments in
takeoff angle were used, as it was merely necessary to bracket the range to
the receive site.

A map shoving the paths studied is Siven in Figure 1, and a smmary of
geographical, temporal, and solar parameters pertaining to the data is given
In Table 2. V. note that this study includes a short path for which most of
the modes should be 1-hop, and two intermediate length paths for vhich con-
posits mode propagation can be Important. The short path data Is at high
sunspot number, while the longer path data is at low sunspot number. One of
the longer paths can be considered a trazn-auroral path while the other can be
considered a trans-polar path (Folkestad 131).
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shot th fis In Fgures 2&-12b are presented the itur predictions deduced from the

tw pormfoeahpt-otstde.aogwtanidentifcation (below
Onfs Ia the universal time. or UT. aids) of the mode which determines the MUF. and its

corresponding total path loss in dB. for every two hours of UT. The results for
'~'4 ~0 - - - the two programs are arranged side-by-mide. the figure numbered with "e'

P4@t~ ~ correponding to RADAR C predictions. and that numbered with "b" correspond---
lng to AUBCOM predictions. The notation for modes used is explained In Davies

[3.A minus sign indicates a chordal ray. and a 'Y' Indicates topside reflection.
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-' SECTION 4 DISCUSSION

The major features of the comparisons can be sgmmarIzed an follows:

(1) For the Vinnipeg-Resolute Bay path (Figures 2-4). both program. show the
1-hop F2 mode as the principal NUF mod. oth programs predict the large ob-
served diurnal variation in the winter season at high sunspot number. although

NBIAKI has a bias on the high aide for the diurnal peak.
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(2) For the Andoya-Ft. Konmouth path (Figures 5-I), AIIICOt predts closer to
the data than RADAR C, the latter having in general a low bias for the NUF.

The modes found by ANSCOM for the KUF in this case involve several cases of
composite sodes. chordal modes, and high rays.
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(3) On the Andoya-College path (Figures 9-12). AMACOM shows a significant Lo-
provement in MU? prediction over RADAR C (which is generally 5-10 MHz too
ly) . with composite and chordal modes playing an important part In determin-
Ing the KUF. There are several cases in which 2- and 3.hop modes involving a
combination of E and 72 layer reflections, as well as chordal modes, determine
the KUF. Although AKBCOH is a significant improvement over RADAR C In this
came. there is room for more improvement, as AKBCOm is still biased on the low
side of observed median MUF's.
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•(4) As a by-product of the fact that AICOH1 generally finds higher 1(17 values
(which are closer to the observed values) than RADAR C, A1(ICOM also shown
lover path losses for these higher frequencies, so that the required power on
certain paths may be significantly lower than that predicted by RADAR C.

tor added insight. a comparison of the calculated values of E. and 72-
layer critical frequencies and heights of the layer MAXiMA for the two
programs on the Andays-College path at 6 hour intervals is plotted in figure
13. (-layer maximum height tos a constant 130 s in RADAR C and 115 ka in
ACOH). This figure shove that the ionospheric pratmtrs a n the Andys- lop
College path differ for the most part by only a few percent between the two
programs to that aonse an conclude that the radical improvement in HUF predic-

I



tion of AMICOII Over RADAR C for this path 71s not due mainly to the values of
Ionospheric parameters used. Rather. based on the types of modes found to

.1 ~consftitute the 1UT in AKBCON, it is to be concluded that the more accurate,and physically more realistic raytracing in AHICOM, combined with many more
control points than used in RADAR C, are the main causes for the significant
Improvement in NUF prediction In AMBCON compared to RADAR C. These

7 capabilities (c.f. the discussion, Item (3) of Section 1) allow for wore ac-
curate treatment of tilts and composite and chordal modes, which is notpossible in, RADAR C, Owing to the assumption of Martyn's theorem. This conclu-
sion is consistent with the study by Paul 1141 of the importance of horizontalL gradients in electron density in the ionosphere even at mid-latitudes.
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A similar comparison of Ionospheric parameters for the two programs for
the trana-auroraj. path (Andoya-Ft. Honmouth) is shown In Figure 14. This
figure supports the conclusion that for this path, In addition to the effects
of improved raytracing. differences in Ionospheric modelling (especil, for
the 3-layer critical frequency). are -also stginic-ant causes for the Improved
predictability of AMICOMi over RADAR C.- L
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• l ,° -- Osrainly ic e

$fart $ o. Obsorvatonally, Mince few tonosondes have been operated tn polar.0 ." ' regions. it is to be expected that a pregram of vertical incidence ionosphericO '. .# ,,,, critical frequency measurements in the polar region will Improve our capacity
to model HF propagation in this important region of the world.
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