PL-TR-95-2123
Environmental Research Papers, No. 1175

IMPROVEMENT OF REAL TIME {,F, PREDICTION
FOR OTH RADARS

B. S. DANDEKAR

29 August 1995 TG ¢

ATy FIstmerrs v .

19961017 Q67

- PHILLIPS LABORATORY

LA Directorate of Geophysics

‘ %:E) ‘ AIR FORCE MATERIEL COMMAND
Qllps O‘LP»"O‘%-

HANSCOM AIR FORCE BASE, MA 01731-3010
N




"This technical report has been reviewed and is approved for
publication."

Maj Edward Bergporn, Chief
Ionospheric Application Branch

WILLIAM K. VICKERY, Director
Ionospheric Effects Division

This report has been reviewed by the ESC Public Affairs Office (PA)
and is releasable to the National Technical Information Service

(NTIS).

Qualified requestors may obtain additional copies from the Defense
Technical Information Center (DTIC). All others should apply to
the National Technical Information Service (NTIS).

If your address has changed, or if you wish to be removed from the
mailing list, or if the addressee is no longer employed by your
organization, please notify PL/TSI, 29 Randolph Road, Hanscom AFB,
MA 01731-3010. This will assist us in maintaining a current

mailing list.

Do not return copies of this report unless contractual obligations
or notices on a specific document requires that it be returned.




Form Approved 1]

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting curgen far this collection of information 1s astimatea 0 average 1 Nour oer response, nciuding the time or reviewing tnstructions, searching existing data sources, J
gathering and maintaining the data needed, and completing and reviewing the collection of information Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions or reducing this burgen. to ‘Wasnington Heaaguarters Services, Directorate for information Operations and Reports, 1215 Jefferson |
Davis Highway, Suite 1204, Arlington, VA 22202-4302. and to the Office of Management ana Buaget, 2aperwork Reduction Projact (0704-0188), Washington, OC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
29 August 1995 Scientific Interim
- 4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Improvement of Real Time fF, Prediction PE 62101F
) for OTH Radars. Proj 4643
6. AUTHOR(S) TA GH
Work Unit 01
B. S. Dandekar
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER
Phillips Laboratory (GPIA) PL-TR95-2123
29 Randolph Road . ERP, no. 1175
Hanscom AFB, MA 01731-3010
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

This report will be of interest to Air Weather Service for prediction/specification of Ionospheric

parameters.
12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for Public release;
Distribution Unlimited

13. ABSTRACT (Maximum 200 words)

Dandekar and Buchau (1986) presented an empirical algorithm for improving the f.F, predictions for the
sunrise transition period. The algorithm uses an average hourly gradient obtained from the previous four days' fF,
observations and the 'present’ f,F,, to predict f,F, for the next hour. A further improvement was achieved by adding
a second order correction term to the averaged slope. The second order correction takes into account 1) the change in
‘now"' f,F, with respect to the previous four days' average fF, and 2) the increasing/decreasing gradient of fF,. In the
algorithm the sign of the second order term is selected so as to set a converging trend for the correction term. The
algorithm is applied to a 24-hour period by dividing the time interval in two sections (04-16 and 16-04 LT) and reversing
the sign of the second order correction for these two intervals, to assure the use of the converging trend from the
algorithm for the 24 hour cycle. The scheme reduces the standard error in prediction from 0.9 MHz using the IONCAP
method to 0.4 MHz at high solar activity and from 0.5 MHz using IONCAP to 0.3 MHz at low solar activity. The
algorithm proposed here improves the f,F, prediction by 50% at high solar activity and by 40% at low solar activity.
The method provides a minimum of 25% improvement in the real time prediction of fF, for 80% of the time.

This level of reduction in the error of prediction of f,F, is useful to the OTH radar frequency management,
because every 6% change in "M (ratio of radar frequency to f,F, at midpoint of the radar range) requires an adjustment
of the radar operation frequency.

14. SUBJECT TERMS ] : 15. NUMBER OF PAGES
Tonospheric parameters, Ionospheric predictions 34
Tonospheric models 16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT '
Unclassified - [Inclassified Unclassified SAR
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std Z39-18
298-102




Contents

1. INTRODUCTION 1
2. DATA BASE 8
3. ANALYSIS 25
4. CONCLUSION - 83
5. RELEVANCE TO OTH OPERATION 43

REFERENCES 45

iii




IHHustrations

1. A scheme to predict f;F, at hourly intervals using the present value of fF,
the hourly slope of f;F, and the slope correction. The left hand side (LHS) is for
increasing f,F, and the right hand side (RHS) for decreasing f F,. Note the

change in sign for increasing/ decreasing trend for these sections. 4

2. Mass plot of observed f,F,, observed median, and IONCAP predictions for
November 1990 for Argentia, Canada. 6
3. Comparison of observations with predictions from the proposed algorithm. 7
4A. Diurnal variation of fF, at St. Johns in 1969. 9
4B. Diurnal variation of f,F, at Ottawa in 1969. 10
4C. Diurnal variation of f;F, at St. Johns in 1976. 11
4D. Diurnal variation of f,F, at Ottawa in 1976. 12
4E. Diurnal variation of f,F, at Winnipeg in 1976. 13
5A. Median monthly variation(%) in f,F, at St. Johns in 1969. 15
5B. Median monthly variation(%) in fF, at Ottawa in 1969. 16
5C. Median monthly variation(%) in f,F, at St. Johns in 1976. 17
5D. Median monthly variation(%) in f,F, at Ottawa in 1976. 18
5E. Median monthly variation(%) in f,F, at Winnipeg in 1976. 19
6A. Percent variation between +o levels of f,F, at St. Johns in 1969. 20
6B. Percent variation between o levels of f,F, at Ottawa in 1969. 21
6C. Percent variation between o levels of f,F, at St. Johns in 1976. 22
6D. Percent variation between +o levels of f,F, at Ottawa 1976. 23
6E. Percent variation between +o levels of f,F, at Winnipeg in 1976. 24
7A. Monthly median contours of f,F, at high solar activity (1969) at St. J ohns. 26
7B. Monthly median contours of f.F, at high solar activity (1969) at Ottawa. 27
7C. Monthly median contours of f,F, at low solar activity (1976) at St. Johns. 28
7D. Monthly median contours of f,F, at low solar activity (1976) at Ottawa. 29
7E. Monthly median contours of f,F, at low solar activity (1976) at Winnipeg. 30

8. Performance of the schemes used for the f.F, predictions. 42

iv




Tables

. Tonospheric Stations Used in the Study.
. Sunspot Activity for the Selected Period.
. Number of Observations Available for the Study.

1
2
3
4. Improvement (%) by the Modified Slope Method over the Average Slope Method.
5. Errors in the Prediction of f,F, for Various Schemes.

6

. The improvement(%) in the Prediction of fF, by Various Schemes Compared to That
from the IONCAP.

. The Monthly Improvement(%) in the Prediction of f,F, by Modified Slope Method
Compared to That from IONCAP.

8. The Annual Improvement(%) for Each Hour in the Prediction of fF, by the Modified
Slope Method Compared to That from IONCAP.

)

33
35

38

39




Acknowledgements

The author thanks Major Edward Berghorn, Dr. Edward Weber and Dr. Gary Sales for

their valuable suggestions and interest in the work.

vii




Improvement of Real Time {F,
Prediction for OTH Radars

1. INTRODUCTION

Dandekar and Buchau® (1986) proposed a technique for improving f F, predictions over an
interval of 6 hours around the sunrise transition period. The technique uses the hourly average
gradient from the previous four days' of f,F, observations and the currently (present) observed f,F,
to predict f)F, for the next hour. An additional improvement is achieved by adding a second order
correction to the gradient by considering the sign of the change ( positive/negative ) of the present
f,F, with respect to the prior four days' average f.F, for the same hour. In this report the same
technique is tested for 24-hour real time prediction of f,F,. Thus, with a minor modification, the old
scheme is found to be very promising.

For a simulation of the OTH East Coast radar situation three high latitude ionospheric stations
in Canada: St. Johns (Newfoundland), Ottawa, and Winnipeg, are used. To cover different levels of
solar activity, £F, data are selected for high (calendar year 1969) and low (calendar year 1976) solar
activity. The use of the algorithm proposed herein improves the hourly prediction by 45 percent over
the predictions obtained from using just the IONCAP model® (Lloyd et al, 1978).

The first section presents the algorithm and the analysis procedure used in the study. Section
2 discusses the distribution seen in the f,F, data base, which forms the basis for the algorithm.
Section 3 presents results using the algorithm. The last section summarizes the merits of the

proposed scheme for improving f,F, predictions.
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1.1 Algorithm for the Prediction of f.F,
The proposed algorithm is given by Eq. 1),
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where the term on the left hand side of Eq. (1) is the predicted fF, for the n+1st day (today) for the
next hour, 'i'is the 'present' hour, and n refers to the prior 'n' days. The first term on the right hand
side (RHS) is the observed f.F, today (n+1) for the present hour(i).

The second term (with the summation sign) is the averaged change in f;F, between the i+1
and "{th hour from the prior n ( n=4, used in this study ) days. The term £ F, (with overline) is the fF,
averaged for n prior days for the T'th hour and is given by Eq. (2). Also, it can be used as the
prediction for the present (i'th) hour for (the n+1st day) today, if the 'present’ £ F, (the first term on
the RHS) is not available. In Eq. (1) the last term in the end bracket is a second order correctionto
the slope where a positive or a negative sign is used, depending on the empirically determined time
intervals.

Thus the prediction of f,F, consists of the 'present’ ( observed) f,F,, plus the change in f F,
over the next hour averaged for prior 'n' days, and with a correction term that modifies the slope of
f.F,. _

The estimate of today's £;F, .1; can be obtained from the average of previous n days' f,F, and

is given by Eq. (2),

In place of the observed, present (day n+1, 'i'th hour) f,F,, one can compute this first
term on the RHS of Eq. (1), as the averaged {.F, from Eq. (2). A similar form of weighted mean was
proposed by Rush and Gibbs® for £,F, predictions in 1973. In their scheme the prior day f.F, was
multiplied by a weight factor that decreased with the order of the day ( prior day 1: factor n, prior day
2: factor n-1, prior day 3; factor n-3,.. up to 5 days ). In our scheme (Eq. (1)) we compute a simple

average of f,F, without any such weight factors.




The proposed method is shown schematically in Figure 1 for a hypothetical set of data. The
figure is divided into two sections. The left hand section (LHS) is for the period of increasing f.F,
and the right hand section (RHS) is for the period of decreasing f;F,. In these two sections of the
figure, we see that for a given trend (increasing or decreasing f;F,) the change of (positive to
negative) sign of the correction term in the last bracket on the RHS of Eq. (1) produces an opposite
(converging or diverging) change. That is, f;F, for the next hour deviates less (converges) or more
(diverges) from the first order prediction. The comparison of the two periods shows that the same
sign produces an opposite change in these trends. Also note that in Figure 1 on the last line of the
algorithm, the numerator is a difference term. An interchange in the terms in the numerator
interchanges the role of the positive and negative sign for this term. In the figure the lines closer to
the central line show a converging trend and the lines farthest from it indicate a diverging trend. Thus
we would like to know which trend, converging or diverging, produces better hourly predictions of
fF,, at a given time.

We propose (later in the discussion) the use of the scheme in the left hand side of Figure 1
for 04-16 LT and the right hand side of Figure 1 for 16-04 LT (converging trend in both cases) for
predictions of f,F,.

1.2 Other Schemes

The IONCAP method is used as the baseline for determining the improvement achieved by
any of these methods. Two schemes that truncate the RHS of Eq. (1) at different terms, and a
correction term of opposite sign in the modified slope method, were also tested. The use of the
equivalent of a perfect prediction from IONCAP allowed a test of how well a perfect prediction from
IONCAP would serve an operational OTH radar. It was found that even a perfect prediction (of the
monthly median £F, for each hour) from IONCAP does not improve the short term prediction of
f F, very much.

In the analysis the mean monthly sunspot number (published by National Oceanic and
Atmospheric Administration (NOAA), Boulder, Colorado, US) is used with IONCAP. In the OTH
operation, Air Weather Service (AWS) computes the effective sunspot number from £F, observed

from the network of 50 globally spaced ionosonde stations. The AWS scheme of the effective
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sunspot number could not be used in this analysis. Note that as a starting point, the AWS uses the
ITS-78 model (Barghausen et al* 1969 ), which is the precursor of the IONCAP model.

The monthly median predictions are computed for each hour from IONCAP using the
observed mean sunspot number. These predictions are then used to determine the improvement in
prediction achieved by the schemes described above. Thus we compare results from six methods:

1) IONCAP,

2) observed medians /accurate IONCAP,

3) prior four days' averaged f,F, for the next hour,

4) the averaged slope method,

5) modified slope method using converging trend, and

6) modified slope method using diverging trend (depending on the sign used in the last bracket

of Eq. (1)).

Three examples are presented to demonstrate the improvement of the predictions by use of
the algorithm. Figure 2 shows a mass plot of fF, data from Argentia, Canada for November 1990
along with the observed median values and the JIONCAP predictions (SSN=140). Note that the
observed medians nicely follow the IONCAP predictions, but the IONCAP predictions on the
average are 1 MHz greater than the median values. Also, the median/IONCAP provides a single
value for £F, for each hour of a given month, whereas the observations cover a wide range of 2.5
MHz at 09 UT, to 14.2 MHz at 17 UT. Note that the observations for Julian day 90-331 (N ovember
27,1990, with a major magnetic storm) show a large difference from the remaining data. Figure 3
shows the predictions for Argentia from the full algorithm of Eq. (1) along with the observations
for three days selected from Figure 2. Figure 3 shows that the predictions from the algorithm are
close to the actual observations and show an improvement in the prediction over both the observed
median and IONCAP predictions. Considering the large deviation of the frequency for 10-24 UT on
Julian day 331 the predictions from the algorithm are very good. This demonstrated success of the
algorithm must be validated with a larger data base.

Before applying the algorithm to a larger database, the systematic behavior of the fF,
observations is examined. This systematic behavior allows the use of the proposed algorithm for a

significant reduction in the prediction error.
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Figure 2. Mass plot of observed f,F,, observed median and IONCAP predictions for November 1990 from Argentia, Canada.
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2. DATA BASE
The ionospheric stations representing the northern sector of the OTH East Coast Radar are

listed in Table 1. The selection of the stations is very much dependent on the availability of a
reasonably continuous set of observations of f,F, over a long time period. The table lists the name,
geographic, and corrected geomagnetic (CG) coordinates of the stations. St. Johns, Canada is in the
northern sector of the OTH ECRS coverage. Most often this station is south of the midlatitude F-
layer trough. Although the second station, Ottawa, Canada, does not lie in the OTH coverage, its
geographic latitude is a good representation of the OTH coverage area. The third station, Winnipeg,
A Canada, is both geographically and geomagnetically north of both Ottawa and St. J ohns;, and is close
to the auroral oval. The ionospheric characteristics of Winnipeg are close to those of Goose Bay,
Canada. Goose Bay lies in the northern sector of the ECRS. Because Goose Bay did not operate

prior to 1972 it could not be used in this study to cover a full solar cycle.

Table 1. Ionospheric Stations Used in the Study

Geographic Corr. Geomagnetic
Station Lat. N Long. E Lat. N Long. E
St. Johns 47.6 307.3 57.6 29.1
Ottawa 45.1 283.8 58.5 355.7
Winnipe, 49.8 265.6 61.1 323.5

For the selected stations, the f,F, data for the calendar years 1969 and 1976 are used as
representative of the high and low phases of solar activity. The observed averaged monthly sunspot
numbers (SSN) for the years of high and low solar activity are 106 and 11 respectively. Examination
of the diurnal behavior of £ F, shows why the proposed algorithm provides good f.F, predictions.
This is shown in Figures 4A-E for 1969 (no continuous data are available for Winnipeg) and 1976.
Each figure is divided into 12 blocks. Each block presents the month (noted in the upper corner of
the block). For each month there are three curves showing the upper quartile, the median, and the
lower quartile. Gaps in the data are shown by dotted lines. The points to note are: a) the diurnal

variation of £ F, shows a maximum around 1500 LT and a minimum in the predawn hours,

8
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b) between the maximum and the minimum the diurnal variation changes by a factor of 2, c) the
diurnal variation is largest in winter months (October to March) as shown in rows 1 and 4 and
relatively smaller in summer months (April to September) as shown in rows 2 and 3, and d) the peak
fF, decreases by a factor of 2 between the high (1969) and low (1976) solar activity periods. This
systematic diurnal variation is the reason that good predictions using the algorithm in Eq. (1) are

possible.
The percent change (slope) in hourly f;F, is computed from Eq. €))

fonm—foni
P=100——————".:..:- (3)

(£,F, +L,F,)/2

i

The median hourly slopes in f;F, are shown in Figures SA-E. Each figure presents the
contours of median hourly slopes for the whole year for each month for all 24 hours. The positive
sign refers to an increase in f,F, and the negative sign refers to a decrease in f;F,. There are two
periods of large changes (>20 percent), one around the sunrise and the other around the sunset. The
sharpest increase in fF, is seen between 04-08 LT. The sunrise changes are the largest (=40 percent)
in the winter months.

The other factor to consider is the spread of f,F, for a given LT hour. For each hour of a
given month the normalized spread (3/,F) is computed from the equation

fF, ~IF,.

8f F,=100 ———...... (4)
2L F,

The terms in Eq. (4) are median f,F, (not mean fF,), and fF, o levels. If the fF,
distribution is normal, the median and mean £,F, are equal. Also, the magnitudes of 0 levels will
 be the same. In this analysis the median (50th percentile) and o (84th and 16th percentiles, that is,
68 percent population around the median) levels were determined from the observed distribution of
fF,.

The time dependence of (relative) spread in fF, is shown in Figures 6A-E. Figures 6A-E have
the same format as Figures 4A-E. These figures show that the spread of f.F, is smaller for the

14
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daytime hours and larger for nighttime and for the transition periods of sunrise and sunset. We find
that the success of the £F, prediction algorithm is inversely related to this spread; that is, smaller the
spread, better is the prediction of fF,. Note that we are considering the relative spread in fF, (not
the absolute values of the spread). In the following, the algorithm is used to compute the predicted

fF, by all the six methods mentioned above.

3. ANALYSIS

The predictions from the IONCAP program are used as the reference for determining the
improvement in the prediction of f;F, by the algorithm (Eq. (1)). Therefore, the first step is to
determine the error between the observed f,F, and the f,F, predicted by the IONCAP program. The

monthly averaged sunspot number listed in Table 2 is used as an input to the IONCAP program.

Table 2. Zurich Sunspot Number

YEAR 1969 {1976
MONTH
JANUARY 104 |8
FEBRUARY (121 |4

IMARCH 136 2
APRIL 107 {19
MAY 120 |12
JUNE 106 {12
JULY 97 12

AUGUST 98 |16
SEPTEMBER |91 |14
OCTOBER 96 21
NOVEMBER ({94 |5

DECEMBER |98 |15
AVERAGE  |106 |i1

The comparison of the observed monthly median f;F, with monthly median prediction of fF, from
the IONCAP is shown in Figures 7A-E as a function of time of the day and season. These figures
show that at high solar activity (year 1969) the range of £F, is 3 to 11 MHz, and the standard error
between the prediction and observation is less than 1 MHz. At low sunspot activity (year 1976) the
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£F, values range from 2 to 6 MHz. Again the error is less than 1 MHz. At low solar activity fF,
is observed to be <2 MHz in the early morning hours for much longer periods than those predicted
by the IONCAP model. As the error at the median level of £,F, is of the order of 1 MHz, the
TONCAP program cannot provide a real time prediction with error <0.5 MHz sought by real time
data collection systems like the Digital Ionospheric Sounding Systems® (DISS) deployed by AWS.

Let us consider the algorithm in Eq. (1) for the short term (next hour) prediction of f.F,. In

this analysis the error in the prediction of fF, is computed from

Af F,=|£F, -£F, |...... (5)

predicted ° zoblczvad

The percent error (ERR) in the prediction is computed by using

Af F,
ERR(%)=100——...... (6)
foE

observed

An improvement (IMPR) in the prediction error is computed by using the error in the

prediction of f,F, from the IONCAP program as the reference. It is given by

IMPR%)=1001-——]...... (7)
Af

F2
© Zroncar

The £,F, data are analyzed for each hour on a monthly basis. The f.F,, the percent error in
£F,, and the improvement I(percent) are computed from Egs. (5)-(7) for each of the six prediction
methods listed in the algorithm section. From these, an average value for the respective error is
obtained for the given hour of each month. These values are averaged over all hours to obtain a

monthly average error. Also, the values for a given hour are averaged over the year to obtain an

_ hourly average error for the year. All these values are compared for all the methods listed above to

determine the merit of each method.
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The hourly £F, data for the stations listed in Table 1 are treated in three categories. The first
category is to use all available data. The second category is based on the observation accuracy of the
real time data collection systems such as the Automatic Real Time Tonospheric True (ARTIST) height
profiles (Reinisch et al® 1983) providing electron density distribution and the layer parameters. These
systems provide on-line fF, analysis with an accuracy/error <0.5 MHz for f,F,. Therefore for the
second category the criterion for the error fF, > 0.5 MHz is used. The third category is based on
the aim of the radar operation (see in the following in the section on relevance to the OTH
operation). The aim of the OTH radar is to maintain a barrier of a given width at a given distance
from the radar at all times. This is achieved through frequency management. For the OTH radar
every 6 percent change in fF, slides the barrier by 250 km. Therefore a (6*3=) 20 percent change
(inability to maintain barrier of 500 km if it slides three times its half width) in the fF, is used as the
error criterion in the this category.

The data available from the stations for the error analysis are summarized in Table 3. In this
table the name of the station and the year and the category of {F, data are listed in the first three
columns. The next 24 columns list the number of data points available for each of the three
categories specified above. The last column lists the total number of data points available for the
year. For each station the first line lists the number of hourly observations available for the station.
The second line provides the percent (number of observations available/365) hourly coverage for each
hour. The next three lines list the percent amount of data (of line 1) used in the respective categories
mentioned on the left hand side of the table. The table shows that the data collection rate was high,
at about 90 percent, during the high solar activity year (1969) and dropped down to 68 percent
dunng the low solar activity year (1976) at all three stations. The averaging scheme of the algorithm
in Eq. (1) starts on the fifth day (n=4) for computing errors in f,F, by various methods. This leads
to a reduction of 13 percent of the useful data collected at the stations. Thus ideally in Table 3 the
third line should be 87 percent of the first line. The reduced number of predictions : 75 percent
during high solar activity period and 63 percent during low solar activity period( <87 percent) is due
to discontinuities (gaps) in the data. The next line presents the percent data that resulted in prediction
errors in £F, 20.5 MHz, from at least one of the six methods with respect to that from the IONCAP.
The table shows that at high solar activity, errors in £F, 20.5 MHz occur for the IONCAP predictions

for 67 percent of the time. This occurrence drops to about 45 percent at low solar activity.
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The last line of each group shows that large relative errors (220 percent) in f F, predictions
are least frequent (15 percent) in the afternoon. Their occurrence rate increases to 50 percent around
the post midnight and early morning hours.

During the low solar activity period of 1976 the data collection at the stations dropped to 35
percent during the early morning hours. This is also seen in Figures 4C-E where the dotted line
segments indicate missing data. These periods form a poor sample for the analysis of prediction
errors in £ F,.

The analysis showed that the modified slope method (Figure 1) provides a slightly greater
improvement (Eq. (7)) over the averaged slope method (algorithm in Eq. (1) without the slope
correction term in the square bracket), when the converging trend is used for both 04-16 LT and for
16-04 LT by using the opposite signs for respective intervals for £ F, predictions from the full
algorithm of Eq. (1). The results for these two time intervals are presented in Table 4. In this table
the first three columns list the name of the station, the year, and the category of the data selection.
The rest of the table is divided into two sections. In each of these sections, there are 12 columns, one
for each month, followed by the column presenting the average value for the year. The aggregate
improvement of the respective modified slope method (using the corresponding data segments) is
listed in the table. The division in time intervals is not perfect, but on the whole there is a consistent
improvement of 3 percent over the averaged slope method. In Figures 4A-E, the change from the
modified negative slope to the positive slope corresponds to the peak in the diurnal variation of f.F,.
A look at Figure 1 shows that the second order correction using a consistent converging trend for
all 24 hours results in improved predictions of £,F,.

The average error (Egs. (5) and (6)) in the prediction of £ F, for each year is computed over
the two proposed intervals. The results are presented in Table 5. The first three columns on the left
hand side list the station, the year, and the category for the analysis. The table is divided into two
sections along the columns for the two time intervals specified above. In each section the errors are
listed for the six prediction methods. The number of data points and their percent contribution to the
respective time intervals are also listed. The table shows that the errors are largest for the IONCAP
method and reduce successively for the other methods: observed median (which is the accurate
IONCAP prediction), prior four days' average f,F,, average slope method, and the modified slope

method. Note that for one time interval the positive slope method is better and for the other
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interval the negative slope method is better, (essentially the improvemeht is associated with the
converging trend approach). The significant result is that the error of 0.9 MHz from the IONCAP
during high solar activity is reduced to 0.4 MHz by the use of the proposed scheme. At low solar
activity the respective reduction is from 0.5 MHz to 0.3 MHz. Thus the proposed method reduces
the error to 50 percent of that from the IONCAP method. Considering the magnitude of errors (in
MHz), significant improvement is observed at both high as well as low solar activity periods.

In terms of percent error, (220 percent) the large relative errors occur more frequently (65
percent of the time) in the 16-04 LT interval than (35 percent) in the 04-16 LT interval.

The percent improvement (Eq. (7)) averaged over the whole year is presented in Table 6,
which has the same format as Table 5. The errors are averaged separately for the high and low solar
activity periods. The improvement is better at high solar activity (52 percent) than at low solar
activity (35 percent). Note that the improvements by the observed median (that is, accurate
TONCAP) and by 'prior four days' average' methods are small: 10 percent and 14 percent respectively.
Thus a prediction from a) the IONCAP, b) an accurate IONCAP and c) from the averaging method
(similar to that proposed by Rush and Gibbs® (1973)) are unable to provide the reasonably accurate
prediction of f;F, needed for the real time application. The division of the algorithm into two time
intervals is slightly better than the use of the averaged slope method for improving the real time
predictions of f.F,.

The averaged monthly values for the improvement using the modified slope method for the
three categories for the stations are presented in Table 7. The table shows similar improvements for
each month in all the categories, showing the improvement in the predictions based on the algorithm
in Eq. (1). The improvements in f,F, predictions are larger (52 percent) at high solar activity and a
little lower (33 percent) at low solar activity. Ottawa and Winnipeg stations show smaller
improvements (<25 percent) in the months of June, July, November and December during the period
of low solar activity.

The percent improvement is averaged for each LT hour of the year to check if the
improvement of the fF, prediction from the algorithm has any time dependency. The results are

summarized in Table 8. Figures SA-E show that the transition periods of large slopes cover the
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Table 6.The Improvement (percent) in the Prediction of f.F,
By Various Schemes Compared to That from IONCAP

Percent Improvement

04-15 LT 16-03 LT

METHODS METHODS
STATION[YR {F, 2 3 4 5 6| 2 3 4 5 6
ST.JOHNS 69 ALL 12 21 53 52 54 | 12 16 44 46 42
>5SMHZ 12 21 54 52 55| 12 15 45 46 42
e>20% 4 11 55 54 55 3 10 44 46 41
OTTAWA| 69 ALL 9 18 54 52 54 | 17 19 56 58 54
>SMHZ 9 18 55 53 55| 16 19 57 59 55
e>20% 0 9 56 56 57| 10 17 57 59 54
69 AVG 8 16 55 53 55| 12 16 51 52 48
ST.JOHNS 76 ALL 11 11 27 25 29| 17 14 32 35 28
>5MHZ 10 11 26 24 29 | 16 12 31 35 27
e>20% 8 10 28 27 31 | 20 16 34 38 30
OTTAWA| 76 ALL 13 15 36 35 38 | 17 16 39 42 36
> 5SMHZ 11 14 34 33 37 | 16 14 39 43 37
e>20% 8 19 36 37 40 | 16 15 40 44 37
WINNIPEG76 ALL 12 15 38 32 39 6 4 21 24 18
>.5MHZ 9 14 38 32 39 4 2 18 21 14
e>20% 9 18 40 37 43| -1 11217 9
76 AVG 10 14 34 31 36 | 12 10 30 23 26
GRAND AVG 9 15 44 42 46 | 12 13 40 43 37

Methods: 1) Toncap, 2) Observed Median/ Accurate Ioncap, 3) Prior Four Days' Average, 4) Average
Slope, 5) 2nd Order Correction with Negative Sign, 6) 2nd Order Correction with Positive Sign.
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Table 7. Percent Improvement by Modified Slope Method

MONTH

STATION

YR £F,

01 02 03 04 05 06 07 08 09 10 11 12

AVG

ST.JOHNS

OTTAWA

69 ALL
> 5SMHZ
e>20%

69 ALL
>5SMHZ
e>20%

69 AVG

39 51 52 56 52 44 42 48 64 50 42 49
39 52 52 56 52 44 44 51 64 51 43 49
29 61 59 63 61 33 42 43 63 43 47 44

35 53 56 59 54 64 59 65 65 63 50 40
35 53 56 60 56 64 60 66 65 64 50 41
24 63 60 64 58 63 60 66 65 70 48 31

34 56 56 60 56 52 51 57 64 57 47 42

52

ST.JOHNS

OTTAWA

WINNIPE(

76 ALL
>.SMHZ
e>20%

76 ALL
>SMHZ
e>20%

(76  ALL
> 5MHZ
e>20%

76 AVG

27 29 38 41 33 12 26 253947 21 17
25 28 38 42 35 11 26 25 39 48 18 12
2527 46 42 38 13 21 28 42 55 13 19

28 27 58 51 41 28 26 29 40 46 30 42
26 28 58 54 42 26 24 21 42 48 28 43
33 31 61 61 51 18 10 24 43 54 24 49

29 42 43 34 33 27 18 29 32 43 30 14
29 44 46 31 3228 1730324529 4
31 48 52 28 33 26 10 19 32 4530 13

28 34 49 43 38 21 20 26 38 48 25 24

33

GRAND AVG

3145 52 51 47 37 36 41 51 52 36 33

43
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periods 04-09 LT and 16-23 LT. For high solar activity (year 1969) the improvement in fF,
predictions is good for all the LT hours. At low solar activity the improvement in fF, prediction is
low (<25 percent). A factor for such poor performance would be the large spread in {;F, at the.given
hour seen in Figures 6 A-E.

The number of occurrences of poor performance (improvement <25 percent) for fF,
predictions from the algorithm were counted for the hourly values of the improvement (Eq. (7)). At
high solar activity the algorithm performs poorly for 10 percent of the time, with the occurrence more
frequent (2:1) in the 16-04 LT interval than in the 04-16 LT interval. At low solar activity (1976)
the poor performance occurs for 25 percent of the time intervals. Poor performance occurred more
frequently in the months of December to February and June to August.

An additional approach of an occurrence frequency method is used for determining the
performance of each method. For each observation the methods are ranked in descending order with
an increase in prediction error. When the errors are equal the respective methods are ranked equal.
The cumulative count of the respective methods is used for determining the performance of these
methods. Also, the frequency is counted for each method only when the method is the best (produces
the least error among these methods) and also for the case when the method is the worst (produces
the largest error). The results for the best and the worst method approach (discussed above) are
shown in Figure 8. The counts of the modified slope method over the respective time intervals are
combined. The relative count for performance for the respective methods show that the IONCAP,
the observed median and the prior n days' average methods are worse (short dotted lines) than the
averaged slope and the modified slope methods. The best predictions are more frequent from the
modified slope and the averaged slope methods than from the remaining methods (long dotted lines).
The overall performance (cohtinuous line) of the slope methods is better than that from the remaining
methods. Considering all the three groups: general, best, and worst performance, the modified slope
method with two time intervals combined, 04-16 for positive slope and 16-04 for negative slope, is
the best method for obtaining f,F, predictions from the algorithm in Eq. (1). The IONCAP and the
observed median (which is not available in reality) methods are unable to provide the f.F, predictions

that will satisfy the needs of the real time operating systems.
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4. CONCLUSION

The algorithm from Eq. (1) proposed for improving the short term real time fF, prediction
is better than the other methods like the IONCAP and the 'prior n days' averaged f,F,. Depending
on the circumstances one may truncate the algorithm at various terms on the RHS of Eq. (1). The
best results are obtained by dividing the 24 hour period into two intervals and using the slope
correction with the appropriate sign for each interval to assure the use of the converging trend shown
in Figure 1. The errors in the f,F, predictions are reduced from 0.9 MHz for the IONCAP to 0.4
MHEz at high solar activity (1969) and from 0.5 MHz to 0.3 MHz at low solar activity (1976). Thus
the proposed algorithm improves the f,F, predictions by 50 percent at high solar activity and by 40
percent at low solar activity. The proposed method, though not perfect, provides a minimum
improvement of 25 percent in predicting f;F, for 80 percent of the time. Also, (Figure 8) this method
has better overall performance, and is the least often the worst prediction method.

Among the various schemes considered here, the IONCAP is unable to provide a reasonable
£F, prediction for real time operational systems. Even if the IONCAP succeeds in reproducing the
observed £F, median values, the corresponding improvement in the f,F, prediction is only 10 percent.
Prior 'n days' averaged f.F, improves the prediction by 14 percent over that from the IONCAP

method, not a very significant improvement.

5. RELEVANCE TO OTH OPERATION

Dandekar and Buchau'(1986) have discussed the problem in detail for the sunrise transition
period. The M factor is a ratio of the radar operation frequency to f,F, at the midpoint of the radar
range. The radar range is also a function of the 'M' factor and varies with other F, layer parameters;
h,, - peak height, h, - base height, and y,, -half width of the layer. Keeping all layer parameters
(except fF,) and radar frequency fixed, the radar range increases (/decreases) with increase
(/decrease) in fF,. Using the equation relating range to M developed by Appleton and Beynon®
(1940), Dandekar and Buchau' showed that for the radar range 2500-3000 km, a 2.3 percent change
in M moves the barrier 100 km. This corresponds to a 6 percent change in M for a sliding of the
barrier of 500 km, that is, by half of its width. In Figures 5A-E, changes in f,F, larger than 20

percent are seen during the sunrise and sunset transition periods. Dandekar and Buchau' (1986)
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observed changes as high as 60 percent in f.F, at Ottawa and Arguello in the winter season in 1969.
If the radar operation frequency is to be adjusted when the barrier slides by half of its width, the
frequency has to be changed every 12 minutes to cover the f,F, change of 30 percent and e\}ery 6
minutes for the change of 60 percent. Because such rapid adjustments of the radar frequency are
needed during sunrise/sunset transition periods, improved predictions of f,F, with error reduced by

50 percent is very helpful to the radar operation.
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