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ABSTRACT

New least squares regression coefficients for the Swanson PPC model at 10.2 kHz have been computed. The
data and its deficiencies are discussed. Significant improvement in the accuracy of predictions for station D
in the Mediterranean region has been obtained. Indications are that further research into the geomagnetic
models is needed.
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“New Coefficients for the Swanson PPC Model
as Utilized by Omega at 10.2 kHz"

A. |. Tolstoy

I. Introduction

The Swanson phase propagation correction (PPC) model is a computational scheme which
attempts to semi-empirically model phase variations A¢ from the nominal as a function of
the specific diurnal and geophysical conditions encountered along any given path. The
model is comprised of thirteen geophysical submodels which interact in linear combination
with each other and which are modified by a solar zenith angle mode! which accounts for
the observed diurnal effects. That is,

N 33
80:Pt)= D) Y (3 +bif (X IHTL(P),

n=% =1

where P = point on surface of earth,
t, =specific hour of interest,

A¢.(Pt,) = predicted phase variation from nominal of signal from transmitter T to
point P at time t,,

aj,b; = linear coefficients for the ith geophysical model,

HiTn (P) = geophysical model value at nth path segment from transmitter T to point
' P

’

Xn = solar zenith angle at nth path segment,

f;(+) = diurnal function which also accounts for abrupt changes at sunrise and
sunset,

N = total number of path segments (1 path segment is .01 radians in length).

The geophysical models themselves account for geomagnetic field effects, polar cap and
auroral zone effects, ground conductivity effects and excitation behavior. For a thorough
discussion of these models and their development see references 1-4. It should be
emphasized that the Swanson PPC mode! describes only the behavior of a single, dominant
mode signal.
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The linear coefficients of the Swanson model are determined by an unweighted least
squares regression fit of the model to a data base of observed phase values (1). The
coefficients presently in use were determined in 1971 (2), and this paper proposes a new set
of coefficients which were generated from a more current data base at 10.2 kHz. In general,
the new coefficients are very similar to the old, but it is worth noting that the new
coefficients appear to differ greatly from the old coefficients in their fifth through tenth
values. These values correspond to the midpath geomagnetic models which were determined
by a Fourier fit to theoretical data, and as such their combined rather than their individual
effects are what influence prediction. This resultant effect with the new coefficients does
not differ greatly from the old resultant effect. However, the new twelfth day coefficient is
very different from the old value. This coefficient corresponds to the ground conductivity
effects upon excitation behavior. It is not understood why this value is so different from its
previous value.

1. See reference 5 for further information concerning the application of the least squares estimation
technique.
2. See appendix A for the coefficient values.
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Il. Data Base

The reliability and accuracy of any data base is absolutely critical and cannot be
over-emphasized. The most time-consuming portion of this entire study was the intense
scrutinizing required before data could be accepted for the finai processing. There is, of
course, always the danger of over-refining a data base by rejecting valid data which simply
may not fit one’s scheme of things. Hopefully, this has been avoided by eliminating only
that data which was severely erratic or % sown to be in error. A list of the events (3) which
were judgementally deleted is presented in appendix C. In addition, the current data base is
comprised of events which meet the following criteria:

* The events must have occurred after April, 1970 (this eliminates very old signal data
which existed prior to active system synchronization with UTC) and also this choice
minimized the eleven year solar cycle effect while maximizing the data base;

* The events must not involve station Forestport, N.Y. (this station has not been
operational since Fall, 1972);

* At least two months of usable data must exist for each fixed monitor site and pair of
transmitters (this criterion should eliminate data whose stability is unknown);

* Events with possible modal interference must be deleted. This criterion is more
involved than the others and necessitates dividing the data base into two parts, i.e. a day
data base and a night data base. The day data base consists of all events meeting the above
criteria minus those events observed within the near field of a transmitting station, i.e. those
sites involving LOP x within one megameter of transmitter x. The night data base consists of
the day data base minus those events which lie in a predicted night modal interference zone
for a given transmitter signal (see reference 6) and

1. have fewer than 5 months of data, or

2. have a sample standard deviation for received phase which is greater than 5 cecs.

This criterion resulted in the elimination at night of the following combinations:

Monitor Site Transmitter
Belem, Brazil Trinidad
Sabana Seca, Puerto Rico Trinidad
Orote Pt., Guam Hawaii
Tsushima, Japan Hawaii
Spitzbergen, Norway Norway
Rome, N.Y. North Dakota
Bermuda North Dakota
Norfolk, VA. North Dakota
Makapuu, Hawaii Trinidad

(Long path interference)

Finally, the transmitting station monitors all report data involving their near-field
transmitter. The path from this transmitter to the site is such a short path that the signal
behavior is not accurately described by the models employed herein. For these cases, the
data was reprocessed in order to eliminate the offending station. The final data base is
described in detail in appendix B. It should be noted that the data base contains no
information on transmitters in the southern hemisphere, and only two of the monitor sites
(RI10-D and TANAN) lie south of the geomagnetic equator.

3. An event is defined here to be one month of phase difference data (the difference of the received phases
of two transmitters) observed at a given monitor site.
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I11. Results

Overall, for the current data base the new coefficients show significant improvement in
the accuracy of their predictions over the old coefficients.

The behavior of each given set of coefficients has been judged by examining the
magnitude of the predicted residual errors which they produce. These errors are computed
by subtracting a day or night predicted phase difference value from the average day or night
phase difference value observed in the data base for a fixed monitor site and LOP pair. The
predicted errors will generally be within a few centicycles (cecs) of the errors actually
observed. These variations will occur because of the instabilities in the observed data which
are caused by random changes in the ionosphere, solar variations, noise (lightning induced),
modeling difficulties for paths in solar transition (sunrise and sunset), and receiver errors.

Looking at tables 1-2 we observe that the total root-mean-square (RMS) errors have been
reduced from 8.864 cecs (fitting the present data base with the old coefficients which were
derived from an old data base) to 5.188 cecs during day hours (4) and from 8.761 «:sto
5.400 cecs at night. This represents a 42% improvement for day and a 39% improvement for
night predictions. Examining the individual pathpair errors we see that only in a few cases
do these errors appear to significantly increase in the new fit (5).

These 6 cases are presented in table 3(6). We note that in three of these a poor day (or
night) fit is counteracted by an improved night (or day) fit! To be thorough we examined
24 hour plots of the observed data vaiues versus the predicted data values over a typical 30
day period (7). We concluded that in only one case (see figures 1-12) did the complete 24
hour fit deteriorate significantly (8). This one case is SPITS AC where only 4 months of
data were used and this data was fairly old (early 1971).

On the other hand, many of the data fits improved dramatically. Specifically, such
critical LOP’s as Sardinia AD, DG; Farnborough, England AD; and Orote Point, Guam DH
showed improvements on the order of 10 cecs (not an RMS value) or more (see figures
12-20). Thus, it becomes apparent that the new coefficients, while not supplying perfect fits
everywhere, can reduce many of the gross inaccuracies prevailing in the northern hemisphere
with the coefficients currently in use. Moreover, in only one such case did the new
coefficients actually produce seriously worse data fits.

It should be again emphasized that the generating data base contained only phase
differenced data and only for transmitters in the northern hemisphere. Attempts have been
made to evaluate single station predictions for northern, southern and inter-hemispheric
paths for the new coefficients, and the results have been quite surprising. In particular,
recent single station paths which lie totally within the northern hemisphere are predicted
quite well by the new coefficients (see appendix D). Also, available non-computerized data
(for August 1976) for the paths from station E to station F and from station F to station E
are fit quite well (within 6 cecs) by the new coefficients. However, when examining such
inter-hemispheric paths as station A to station E, station D to station F, station G to station

4. Day (night) hours are those GMT hours during which both transmitting paths to a monitor site are
totally illuminated (in darkness).

5. A fit is defined to be significantly worse if a previously good fit (less that 6.5 cecs error) now shows a
bias (error is greater than or equal to 6.5 cecs) and the change in error is greater than 3 cecs.

6. A = Norway; B = Liberia; C = Hawaii; D = North Dakota; E = La Reunion; F = Argentina; G = Trinidad;
H = Japan. See appendix E for coordinates.

7. A "typical” month of data was decided to be one where the day and night phase difference value: were
close to the overall mean day and night phase difference values (for that site and LOP).

8. A 24 hour fit is defined to be significantly worse if the new RMS error (for 24 hours) is more than 3
cecs greater than the old RMS error (for 24 hours).
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Table 3—Special Cases (new coefficients vs old coefficients)

predicted predicted
day residual error* night residual error*
site Lop new old new old
BERMU AC 69 -36 0.9 ~32 |
HESTM CcD 9.1 5.7 no night data
MIAMI AG** no day data 9.8 ~2.2
SPITS AC -74 -1.7 no night data
ROME AC 3.6 1.0 8.7 5.5
SABAN AD 24 -8.1 14.1 6.9
* units of centicycles
**may be subject to modal interference at night
7
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Figure 3. HESTM CD, new coefficients
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Figure 7. SPITS AC, new coefficients
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Figure 8. SPITS AC, old coefficients
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Figure 11. SABAN AD, new coefficients
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Figure 12. SABAN AD, old coefficients
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Figure 13. SARDI AD, new coefficients
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Figure 15. SARDI DG, new coefficients
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Figure 19. OROTE DH, new coefficients
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F and their reciprocals, some severe errors are encountered for the new coefficients (on the
order of 40 cecs)! The data on these paths is quite sparce but considered reliable. Thus,
indications are that a serious model deficiency exists for paths crossing the geomagnetic
equator. Moreover, the problem is further complicated by the observation that two such
inter-hemispheric paths when phase differenced, e.g., A-D at TANAN, do not manifest this
difficulty. The present data base is totally inadequate to resolve the problem. Obviously the
next step in improving prediction accuracy will be first towards expanding the data base to
include more southern and interhemispheric single station data and next towards examining
further the validity and sophistication of the submodels themselves (particularly the
geomagnetic submodels)!
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IV. Recommendations

At present the only area of the world which suffers from consistent, serious prediction
errors is the Mediterranean Sea (represented by FARNB, SARDI and NEA,M data). The
Mediterranean errors are well documented in an NELC working paper (see reference 7) and
are known to result from inaccuracies (on the order of 10 to 20 cecs) in predicting the signal
phase of station D. The new coefficients offer an improvement in predictions in the
Mediterranean for all phase differences involving station D with a northern hemispheric
transmitter. Thus, it is recommended that the new coefficients be applied in the
Mediterranean for all northern hemispheric transmitters. However, these corrections should
only be used in a phase difference mode!

The current data base, as demonstrated earlier, is not sufficiently comprehensive in its
representation of inter-hemispheric paths nor does it have any information concerning the
B, E and F transmitters. In addition, the current software needs modification to realistically
process single station phase data. These deficiencies are serious. As such, the generation of
any new PPC tables for public use should be restricted to only those areas, i.e., the
Mediterranean, which show serious problems now and which we confidently believe can be
alleviated by the new coefficients.
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APPENDIX A
New Coefficients
(*104)
confidence confidence
kp interval* kp (old) ky interval*  kpy (old)

no. (for new coefs) (for new coefs)

1 39.41 + 34 35.2 9.62 + 49 44 |
2 12.91 + 75 6.0 11.66 +12.1 94 |
3 0. = 0. 7.59 +10.5 7.2

4 -8.59 + 09 -12.0 18.09 +17.2 140 |
5 —-37.66 +23.0 -6.6 —58.4 +42.2 —45.0

6 —29.27 +31.8 0. —77.38 +475 -17.6

7 29.19 +42.0 0. 140.81 +72.9 45.0

8 -16.67 +12.2 1.0 19.16 +26.8 0.0

9 0. — 0. —6.36 + 6.4 ~40
10 0. - 0. 7.02 +17.6 15.0
1 119 ** = 11.9 15.9%* = 15.9
12 56.32 +37.4 10.0 4.48 +49.8 50 |
13 1.53 + 1.8 1.0 0.76 + 2.3 09 |

* determined by student t-distribution.

**this coefficient can only be determined by near-field data which could not be processed here. The
previous value was retained. Subsequent data analysis has shown this value to be quite accurate.
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APPENDIX B
Monitor Sites
CODE SITE LAT LONG

1 NELE, ** 32.70800 —117.24650

3 BERMU** 32.26470 —64.87680

9 FARNB** 51.28800 —0.75420

11 SARDI ** 39.18100 9.15970

13 ROME, ** 43.22400 —75.41020

15 WALES ** 65.61220 —168.09170

16 MIAMI ** 25.78950 —80.30050

17 CORAL** 64.18670 —83.34220

18 GRAND** 55.17000 —118.84300

19 osLo, ** 59.93830 11.08360

20 SEIES: L = 78.92330 11.94920

21 RESOL ** 74.71388 —94.97333

22 ’ HESTM ** 66.52930 12.84530

23 | TANAN** —18.91833 47.55056

24 ‘ PIARC ** 10.59550 —61.34970

25 | MAKAP"* 21.30780 —157.65060

26 ‘ MONTG** 32.35592 —86.30772

27 LA-MO ** 46.55950 —98.63880

28 NORFO** 36.92555 —76.29222

29 RIO-D ** —22.87069 —43.13222

‘ 30 ‘FELEC ** 39.99567 —105.26225
} 31 BELEM ** —1.39159 —48.44496
[ 32 NEAM ** 38.10028 23.97833
‘ 33 SABAN ** 18.45750 —66.21472
‘ 34 TSUSH ** 34.32470 129.20640
| 35 OROTE** 13.66890 144.61720
l 36 VILAN ** 38.76138 —27.13116
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