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THE USE OF TWO-STATION IONOSONDE DATA FOR IONCAP/ASAPS
MODEL VALIDATION ON TRANSPOLAR TWO-HOP,

HIGH-FREQUENCY SKYWAVE RADIO LINKS

INTRODUCTION

BACKGROUND
An investigation* of one-hop, high-frequency (HF) trans-Arctic skywave propagation was

conducted through a comparison of Scott Base (Antarctic) ionosonde measured data with a stand-
alone prediction system (ASAPS) from the Australian Ionospheric Prediction Service and with
IONCAP from the Institute for Telecommunication Services of the U.S. Department of Commerce.
During this study, a FORTRAN program called IONOLINK (using the modern format for
ionosonde data) was produced for the creation of oblique frequency availability.

The results of the investigation showed that both the IONCAP and ASAPS models predicted
the single-hop propagation-dependent frequency of optimum transmission (FOT), maximum
usable frequency (MUF), and highest propagation frequency (HPF)-frequencies not exceeded
10, 50, and 90 percent of the time, respectively-within 2 MHz for a wide range of sunspot
numbers and solar zenith angles. (No attempt was made to determine the lowest usable frequency
(LUF) values because they are not only dependent on propagation but also on the radio-link power
budget.) The close agreement of model predictions with the measurements can reasonably be
explained by the probable contributions of the Scott Base ionosonde data to the development of
ionospheric electron density profiles used in both the ASAPS and IONCAP programs.

SCOPE
In this report, the one-hop results from the earlier study have been extended to the two-hop

case using ionosonde data simultaneously acquired from two high-latitude (Arctic) stations.
Although ionosonde data from a single station permits usable oblique frequency extrapolation from

the vertical incidence measurements to any single-hop range, the use of two-station ionosonde data
restricts the results to a single-hop range for each pair of ionosondes used. In addition, the
ionosonde locations must be chosen so that their separation distance excludes one-hop

Submarine Electromagnetic Systems Department, High Frequency (HF) and Meteor Burst Communications in
a Polar Environment, NUWC-NPT Technical Document 10,375, Naval Undersea Warfare Center Detachment,
New London, CT, 30 September 1993.



propagation, while the dominant mode is limited to two-hop propagation (i.e., the range should

exceed about 4000 km but not be much greater than 8000 kin). The comparison of IONCAP and
ASAPS predictions with these two-hop frequency-availability values provides a more accurate

validation of the model for complex links than could the one-hop cases of the previous study.
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APPROACH

IONOSONDE DATA ANALYSIS

Northern Latitude Ionosonde Data

lonosonde data measured at several Russian and Canadian ionosonde stations from 1991 were
available for the characterization of local ionospheric skywave propagation conditions. The data
consisted of monthly tables of hourly values for several scaled parameters measured from
ionosonde output traces. One data file was provided for each scaled parameter for one or more
months during 1991. These parameter files included the critical, or maximum, frequencyfv
(MUF) for which the ionosphere would reflect a vertically launched radiowave from one or more
ionospheric layers. Ideally, the virtual reflection height W would also be provided or, at a
minimum, the scale factor for determining the basic MUF value for single-hop propagation to a
fixed distance. The F2, Fl, and E layers define the most important ionospheric altitude bands used
for HF skywave radio and therefore are of significant importance in the analysis of ionosonde
parameters as depicted in figures 1 and 2. For the F2 layer, a MUF factor, M3000F2 (MF2), is
provided to convert the F2-layer critical frequency, foF2 (where o defines the ordinary wave), into
the corresponding MUF values for a single-hop range of 3000 km. Note that MUF refers to the
maximum usable oblique frequency at a given time, not the 50-percent value from the distribution.
At this point, we will refer to this "basic MUF" value as the maximum propagating frequency
extrapolated to a specified range from the midpath ionosonde data and let the "unmodified MUF'
refer to the 50-percentile value.

The ionosonde data for each month and scaled parameter were presented in a single block and
stored as a separate file. These files had to be merged to create a single file containing all the
parameters scaled for each of the available months in order to produce the necessary input file.

Selected files were merged to create input files for the IONOLNK2 computer program, which is a
FORTRAN software analysis package developed to determine two-hop frequency availability

using scaled ionosonde data from two stations. lonosonde stations were selected to provide a total
two-hop path length between 4000 and 8000 km and a second path length above 8000 km (the
nominal upper bound on two-hop path length). In each file, a block header specified the

ionosonde site, the date, and the identity of the scaled parameter whose values immediately

followed the header. Each scaled parameter in a block consisted of five character positions--three
positions carried an integer number and the other two, a descriptive and a qualifying letter. The

scaled frequency values were presented in the data file in units of 10fv MHz, with the heights given
directly in kilometers and the basic MUF factors presented as l0OMf. Many hours of various
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months and years showed no parameter values or explanatory letter. A complete description of the

data format is provided in appendix A.

OBLIQUE INCIDENCE

One-Hop Extrapolation

Let fv be the ionosonde-reported critical frequency for a vertically incident signal from some

ionospheric layer at a virtual height h'. The corresponding basic MUF value,fob, for single-hop

oblique propagation over a link with great circle path (GCP) length D and the path midpoint located

above the ionosonde may be given by

fob = k(D)fv sec(o0), (1)

where the angle of incidence of the signal incident on a curved ionospheric layer is

o = tan -1 sin(O / 2) ](2)1 + (hWlRE) - cos(OD / 2)

and

OD D(3)
E

In this equation, RE is the earth's radius and k(D) is the secant correction factor that approximates

the effects of ionospheric curvature. The geometry represented in these expressions is depicted in

figure 3. The function k(D) is plotted in figure 1.

The elevation angle Oel is measured from the horizon to the virtual reflection point and provides

a means of estimating the usable portion of an antenna pattern during link design studies. From

figure 3, this angle can be determined as

O.il 8 0-a-OD 1 2 , (4)

where
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Figure 3. The HF Link Geometry

and

TT 4lh A2RE[l-cos(6D12)](RE+h') (6)

When the virtual height is not available in the ionosonde data base, then it may either be
computed from the corresponding basic MUF factor, Mf, or the average height of the layer

(e.g., 325 kmn for the F2 layer). If the basic MUF factor is available, then the virtual height may be
aproimted by

hf= REr sin (Op / 2) + cos(OD /I2) -1] (7)
ELtan(oo)

where it is necessary to compute tan(O0) from
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tan(00) = MFI-[k(D)/Mf (8)
k(D)

These equations are used by the IONOLNK2 computer program (see appendix B) to determine the

critical frequencies and elevation angles for one-hop oblique propagation with a path midpoint

(reflection point) above each ionosonde station along the two-hop path.

For each hour for which the ionosonde data include a legitimate scaled value (i.e., for which a
value is provided), the IONOLNK2 program first computes the F2-layer basic MUF value for each
range D that is input by the user (i.e., fF(D)). Next, it computesfFl(D) andfE(D). Since near-
vertical incidence skywavy (NVIS) propagation may include two-hop propagation from the E

layer, IONOLNK2 also computes the two-hop valuef 2E(D12). Finally, the sporadic E layer (Es) is

considered for the computation of the one-hop valuerf&(D) and the two-hop valuef 2&(D/2). The

basic MUF value, or link frequency fL, for the given huur is then determined from

fL = MAXVfF2 ,fFlfE'f2E,fEsf2Es) " (9)

ThefL values are used to increment cumulative distribution bins, which are normalized by the total
number of usable ionosonde data hours in the chosen sample set.

Two-Hop Extrapolation
Consider the two-hop HF propagation geometry shown in figure 2. Two ionosonde stations

are shown spaced by the earth-centered GCP angle Os. The two ionospheric reflections above
these stations occur at virtual reflection heights hl and h2, as shown in the figure. The
corresponding "included" angles 01 and 02, respectively, must be determined to compute the
desired MUF factors (see equation (1)). To find these angles, the location of the ground reflection
point between the two ionosonde stations must first be found. This reflection point cannot be

determined analytically, but may be solved for numerically by using a root-finding algorithm.
Root-finding algorithms begin with an estimate of the desired root (reflection point) and then

proceed to minimize some error function determined from the subsequent root estimates. In this

case, it is known that the angle of incidence (a,.) equals the angle of reflection. Given O0 and

02 = Os - 01, two estimates of the angle of ground reflection (I&rl and &tr2) can be computed and
used in the error function as follows:

rl - &r2, (lOa)
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where

z = si- 2Ra ) (10b)

with

471 r? + Re2- 2riR cos(f9) (10C)

and

riT=k+R, fori=l,2. (10d)

The root-finding algorithm attempts to select 01 such that WeI is less than some small positive
number. Given an estimate 01, the ground distance covered by the total two-hop path is then given
byr

D=2(0ý + 02)*R. (11)

Thus, the use of ionosonde data from two stations to characterize the overhead conditions for
ionospheric reflection restricts the extrapolation to a single two-hop length. However, the actual
endpoints of the link will change as the reflection heights change. If the ionospheric conditions in
the vicinity of an ionosonde are considered identical over the sky volume in which dte correspond-
ing ionospheric reflections occur, then the relative frequency availability distribution for a fixed-
length link should be insensitive to exact geographic location. This assumption is necessary to
justify the empirical calculations of two-hop frequency availability between fixed points using the
IONCAP or ASAPS computer program.

There are 16 possible two-hop propagation modes considered in this analysis: F2-F2, F2-Fl,
F2-E, F2-Es, Fl-F2, Fl-Fl, F1-E, Fl-Es, E-F2, E-Fl, E-E, E-Es, Es-F2, Es-Fl, Es-E, and
Es-Es, where the hyphen (-) signifies ground reflection. The IONOLNK2 program, mentioned
earlier, was designed to determine the monthly two-hop FOT, MUF, and HPF values as well as
frequency and mode density functions over the entire processed time interval. This program inputs
ionosonde data from two stations, determines the resulting two-hop oblique propagation geometry,

and then calculates the basic MUF value for each of the 16 possible modes. Of course, links



exceeding about 4000 km will not experience two-hop E-layer modes because of the lower

reflection heights as compared with the F-layer modes. IONOLNK2 then determines the minimum

of the resulting basic MUF values as the basic two-hop MUF value. This value is used to

increment the appropriate probability bins. The IONOLNK2 computer program is described in

appendix A.
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ANALYSIS OF RESULTS

DIKSON (RUSSIA) AND RESOLUTE BAY (CANADA)
Scaled ionosonde parameter files from the Dikson (No. 373, 72.5" N and 80.4" E) and the

Resolute Bay (No. 974, 74.7" N and 95.0' W) ionosonde stations were used to produce a
7100-km two-hop HF path. Although 12 months of scaled parameter data were taken, only 6

months of Resolute Bay data were provided for this study. By merging the appropriate data files

(see appendix A), a single ionosonde file was created for each station for January through June

1991. Figure 4 is a plot of the frequency density function covering the entire 6-month period for
which data from both stations were available. The values plotted in the figure represent the
percentage of days during the 6 months when simultaneous dual-station ionosonde data from
Dikson and Resolute Bay could be used to extrapolate to two-hop oblique propagation. The small
number of usable hours is due to lack of parameter scaling at one or both sites and to the dominant

E-layer reflections that prevent adequate two-hop range. The month-by-month comparison of

ionosonde-derived fiequency-availability values in the form of FOT, MUF, and HPF versus time-
of-day are presented in appendix B (pages B-3 to B-20). Both IONCAP and ASAPS computer
model predictions are plotted in these figures along with the ionosonde-extrapolated results.
Overall, the predicted values show less diurnal variation than the corresponding measurement-

derived values, as shown in the MUF comparison for February on page B-7.

40-10
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Figure 4. Six-Month Frequency Availability for Dikson and Resolute Bay
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CAPE SCHMIDT (RUSSIA) AND LOPARSKAYA (RUSSIA)

A second set of ionosonde stations was selected to form a 9100-kmn two-hop trans-Arctic

skywave path from Cape Schmidt (No. 669, 68.8" N and 179.5" E) to Loparskaya (No. 168,

68.0" N and 33.0" E) in Russia. A full 12 months of ionosonde data from both stations were

available for empirical extrapolation, although only March, July, September, and December were

chosen for the month-by-month comparison with the prediction. The longer link range
significantly reduced the number of hours in which the extrapolation yielded two-hop propagation,
as shown in figure 5. The corresponding measurement-prediction comparisons are presented in
appendix B (pages B-22 to B-33). Very few of the IONCAP and none of the ASAPS predictions

demonstrated two-hop propagation at this range.
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0 0.30.26 E0.0

Figure 5. Twelve-Month Frequency Availability for Cape Schmidt and Loparskaya
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CONCLUSIONS AND RECOMMENDATIONS

This report has summarized work performed to extend the extrapolation of ionosonde
measurements from the single-hop oblique geometry to the two-hop case. A computer program
called IONOLNK2 was developed from the one-hop program IONOLINK to permit FOT, MUF,
and HPF comparisons with IONCAP and ASAPS predictions.

The IONOLNK2 program should be used for mid-latitude two-hop paths in which more
simultaneous data are available and fewer E-layer reflections are observed. This effort should be
performed with both the IONOLINK and IONOLNK2 programs to provide a complete
characterization of frequency availability for the one- and two-hop propagation paths, respectively.
Once the investigation is completed, and the relationship between empirical extrapolation and
computer prediction is firmly established for mid-latitude paths, an extensive high-latitude study
encompassing more years of ionosonde data should be performed. This high-latitude effort should
include use of the ICECAP computer model, so that a comparison of its predictions with one- and
two-hop extrapolation as well as with IONCAP/ASAPS predictions may be made.

13/14
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APPENDIX A

IONOLNK2 COMPUTER PROGRAM

A.1 DESCRIPTION AND INSTALLATION

IONOLNK2 is a Microsoft FORTRAN 5.0 computer program developed and executed on a
Gateway 2000 486/33-MHz PC. The program was written and debugged using the Power Workbench
(PWB) development tool from Microsoft (MS) which is available with its FORTRAN product MS-
FORTRAN 5.0 employs ANSI FORTRAN 77 as well as several additional features for compatibility
with VAX FORTRAN available from the Digital Equipment Corporation. The purpose of the
IONOLNK2 program is to accumulate numerical densities for two-hop oblique standard maximum
usable frequency (MUF ) values using input files in the "NEW URSI" data format as published in
Intenational Council of Scientific Unions Panel on World Data Centers "GUIDE to the WORLD
DATA CENTER SYSTEM", Part 2. These parameters include hourly junction frequencies (JFs),
"standard" maximum usable frequency (MUF) multipliers, and ionospheric reflection heights (virtual
heights), for the each of the observed ionospheric layers.

IONOLNK2 consists of a two source code modules, IONOLNK2.FOR and HFLINK2.FOR which
are compiled and linked by the PWB tool using the "make" file called IONOLNK2.MAK into
IONOLNK2.EXE. Proper use of the MB-PWB tool is beyond the scope of this appendix. The
executable image is invoked at the user prompt from drive C by the command:

C>=QQLNJ=

where the highlighted and underlined text indicates user entry. The "C>" in this example is displayed
by the PC. The program then asks the user for the name of the desired IONOLNK2 input file with the
following prompt:

Type name of input file without extension ".INP"

The user then types the name of the input file without the trailing (.) or file extension. The IONOLNK2
program assumes that the input file extension is ".INP". For example, if the user's input file is called
DKRS1991.INP and it resides in direchory "INPUT" on drive "D", then the user would respond to the
prompt with

D:q]NPU7W)KSI91"

and the IONOLNK2 program would automatically read file DKRS1991.INP in the indicated directory.

A.2 INPUT FILE DESCRIPTION

A.2.1 IONOLNK2 Input File

The user-input file must be created using a standard ASCII editor. IONOLNK2 reads this input file
in a format-free format, so exactly one comma (,) or one or more spaces may be used to delimit entries.
For example, consider the following example input file:
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DIKSON', RESOLUTE BAY .

24,31,14,2000 3
TTT,TT,T,T,T,T,T,T,T,TT,T,T,T,T,T,T,T,T,T,T,T 4
T,T,T,T,T,T,TT,TT,T,T 5
F .6

T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T,T 7
T,T,TTITT,T,T,TTTT,T,T,TTT,T,T,T,T,T,T,T 8
10, 20.0, 40.0, 60.0,1 0.0, 100.0, 200.0, 400.0, 800.0, 1000.0, 2000.0 9
2.0,32.0,60 10
100.0,4000.0,60 11
0.0,90.0,60 12
1, T, 0.0, 12.0,60 13
2, F, 0.0, 30.0,60 14
3, F, 0.0, 30.0, 60 15
4, T, 2.0,4.0, 50 16
5, F, 0.0, 600.0, 60 17
6, F, 0.0, 600.0, .o 18
7, T, 0.0, 60.0, 60 19
8, F, 0.0, 30.0,60 20
9, F, 0.0, 10.0, 5o__. 21
10, F, 0.0, 600.0,601. 22
11, T, 150.0, 600.0, 45 23
12, T, 0.0, 5.0,25 24
13, F, 1.0, 30.0,,60 25
14, T, 90.0, 150.0, 60. 26
15, F, 0.0, 600.0, 60 27
16, T, 0.0, 10.0, 50 28
17, F, 1.0, 30.0, 60 29
18, T, 0.0, 5.0, 25 30
19,F, 1.0,30.0, 60 31
20, T, 90.0, 190.0,20. 32
21, F, 1.0, 30.0, 60 33
22, T, 0.0, 5.0,25 34
23, F, 0.0, 10.0, 50 35
24, F, 0.0, 600.0, 60 36
25, F, 1.0, 30.0, 60 37
26, T, 0.0, 16.0,40 38
27, F, 1.0, 30.0, 60 39
28, F, 1.0, 30.0, 60 40
29, F, 1.0, 30.0, 60 41
30, F, 1.0, 30.0, 60 42
F 43

'D:\NUWCION\DK37391.NEW, 'D:\NUWCION\RS97491.NEW' 44

Each record (line) is shown numbered to the right of the input values to provide an index for reference
to each item in this description. These numbers must not appear in the user-input file or an input error
will occur. A description of each input value referenced by these numbers is provided in Table A-I.
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Table A.1 Input Variable Descriptions for IONOLNK2 Program

INPUT
FILE ITEM FORTRAN TYPICAL
ROW NUDER. VARIABLE TYPE DESCRIPnON VALUES

NUMBER IN ROW
Names of two ionosonde stations see

1 1,2 CHARACTER*20 used to find the start of each example
month's data records file

2 1 INTEGER*4 First hour in time interval for bin-
accumulation

"2 First day in time interval for bin
accumulation

3 First month in time interval for j
bin accumulation

"4 First year in time interval for bin- 1270
accumulation

3 1 INTEGER*4 Last hour in time interval for bin- 24
accumulation

"2 Last day in time interval for bin
accumulation

" 3 Last month in time interval for bin
accumulation

4 " Last year in time interval for bin- 1972
accumulation
Use/ignore MASK for up to 25 TlorE

4 1-25 LOGICAL*l years of ionosonde data files, one for each
file per year, e.g., 1970 - 1972 entry
Use/ignore MASK for up to 12 :[or F

5 1-12 LOGICAL*I months of ionosonde data for each for each
year (file), 1 through 12 entry
Logic switch for program
IONOLNK2, not used in program

6 1 LOGICAL*1 IONOLNK2: T creates hourly 3l or F
FOT, MUF (standard), and HPF ignored
statistics for oblique BF links, F
creates same density tabulations
Userignore MASK for up to 31 1- or E

7 1-31 LOGICAL*1 days of ionosonde data for each for each
month (1 through 31) entry
Use/ignore MASK for up to 24 Tor f

8 1-24 LOGICAL*I hours of ionosonde data for each for each
day (I through 24) entry

A-3



Table A.1 Input Variable Descriptions for IONOLNK2 Program (Continued)

FILE ITEM FORTRAN DESCRIPTION
ROW NUMBER VARIABLE TYPE VALUESNUMBER IN ROW

9 1 INTEGER*4 Input to track IONOLINK [] input 10
files but not used in IONOLNK2
(10 MAX)- -

Oblique path lengths (kin) for 0.0
9 2-I1 REAL*4 IONOLINK 0, not used in to

program IONOLNK2 (10 values 4000.0
MAX)
Lower frequency limit (MNz) for

10 1 REAL *4 IONOLNK2-computed FOT, 2.0
MUF, & HPF values

Upper frequency limit (MHz) for
2 REAL*4 IONOLNK2-computed FOT, 60.0

MUF, & HPF values
Number of frequency bins for

" 3 INTEGER*4 IONOLNK2-computed FOT, 56

MUF, & HPF values (60 MAX)
4 LOGICAL* 1 Logical switch to tam off sporadic T or F

E layer in IONOLINK [, not used
in IONOLNK2
Lower height limit (kin) for

1 1 REAL*4 IONOLNK2-computed FOT, 0.0
MUF, & HPF values in
IONOLINK 0, not used in
IONOLNK2
Upper height limit (MHz) for

2 REAL*4 IONOLNK2-computed FOT, 600.0
MUF, & HPF values in
IONOLINK ], not used in
IONOLNK2
"Number of height bins for

"3 INTEGER*4 IONOLNK2-computed FOT, 60
MUF, & HPF values (60 MAX) in
IONOLINK 0, not used in
IONOLNK2
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Table A.1 Input Variable Descriptions for IONOLNK2 Program (Continued)

INPUT
FILE ITEM FORTRAN DESCRIPTION
ROW NUMBER VARIABLE TYPE VALUES

NUMBER IN ROW
Lower antenna elevation angle
limit (deg) for IONOLNK2-

12 1 REAL*4 computed FOT, MUF, & HPF 0.0
values
Upper antenna elevation angle

2 REAL*4 limit (deg) for IONOLNK2- 90.0
computed FOT, MUF, & HPF
values
Number of angle bins for

3 INTEGER*4 IONOLNK2-computed FOT, 60
MUF, & HPF values (60 MAX)

13, 14, Logical switch to turn on analysis
15, 19, for the corresponding ionosonde-
20,24, scaled-frequency parameter codes
25, 28, 1 LOGICAL* I described in Section A.2.2. A "T" I or F
29,30, tells the IONOLNK2 program to
31,33, process the parameter, not
34,37, processed if "F".
38,39

2 REAL*4 Minimum value of frequency to be 2.0
used in density accumulation bins

"3 REAL*4 Maximum value of frequency to be 30.0
used in density accumulation bins

" 4 INTEGER*4 Number of frequency bins to be 2i
used in density accumulation bins
Logical switch to turn on analysis
for the corresponding ionosonde- 1
scaled-factor parameter codes

16,21, 1 LOGICAL*I described in Section A.2.2. A 'T" IorF
35,40 tells the IONOLNK2 program to

process the parameter, not
processed if "F".

2 REAL*4 Minimum value of factor to be 2.0
used in density accumulation bins

' 3 REAL*4 Maximum value of factor to be 4.0
used in density accumulation bins

"4 INTEGER*4 Number of factor bins to be used in 20
density accumulation bins
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Table A.1 Input Variable Descriptions for IONOLNK2 Program (Continued)

INPUT
FILE ITEM FORTRAN DESCRIPTION
ROW NUMBER VARIABLE TYPE VALUESNUMBER• IN ROW_________ ___ ___B Logical switch to turn on analysis

for the corresponding ionosonde-
scaled-height parameter codes

17, 18, LOGICAL*l described in Section A.2.2. A "T" T orF
tells the IONOLNK2 program to

26,27, process the parameter, not
32,36 processed if "F".

"2 REAL*4 Minimum value of height to be 0.0
used in density accumulation bins

"3 REAL*4 Maximum value of height to be 600.0
used in density accumulation bins

"4 INTEGER*4 Number of height bins to be used 60
in density accumulation bins
Logical switch to turn on analysis
for the corresponding ionosonde-

41,42 1 LOGICAL*I scaled parameter code as described T or F
in Section A.2.2. A *T" tells the
IONOLNK2 program to process
the parameter, not processed if *F*.

2 REAL*4 Minimum value of parameter to be 0.0 (?)
used in density accmulaion bins

"3 REAL*4 Maximum value of parameter to be 600.0 (?)
used in density accumulation bins

"4 INTEGER*4 Number of parameter bins to be 60 (?)
used in density accumulation bins
Logical switch to have densities on
total elapsed time or .elapsed time

43 1 LOGICAL*I for which ionosonde data was T or F

possible, i.e., no equipment failure
(qualifying letter "C")
lonosonde data filename pairs, See
including drive and subdirectory, Section

44-68 1 CHARACTER*20 with up to 25 filename pairs A.2.1 for

allowed examples
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Table A.2 lonosonde (New URSI) Data Format

Record Columns Description
1 1-20 Station name
1 21-25 Station code
1 26-29 Standard time meridian of the station (e.g.

150W, 90E, etc., with 000W or OOOE = UT)
1 30-33 Geographic ( o-latitude a tenths of a degree
1 34- 37 Geographic East longitude in tenths of a degree
1 ... 38- 41 'Year

1 42- 43 Month
1 44- 45 Paraetrn code

(See UAG-23 characteristic code)

1 46-120 Spare
2 24 X 5-character code Hourly data for the first day of the month (i.e.

foF2 values - 078 R, 080 , etc.)
3 24 X 5-character code Hourly data for the second day of the month

(i.e. foF2 values - 078 R, 080 , etc.)
24 X 5-character code
24 X 5-character code
24 X 5-character code

32 24 X 5-character code Hourly data for the thirty-first day of the month
(if available) (If less than 31 days, blank fill.)

33 Medians
34 Median Count
35 Upper Quartile
36 Lower Quartile
37 Upper Decile
38 Range
39 Lower Decile
40 Spare

Not all of the five-character scaled-parameter values were reported for each hour of the ionosonde
data provided for the study. In this case, blank fill was used as a place holder. Note that the files used
in this study were merged from separate parameter-month files to form complete parameter files for all
available months. The completed ionosonde data files were named CS66991.NEW, DK37391.NEW,
LY16891.NTEW, and RS97491.NEW for Cape Schmidt, Dikson, and Loparskaya in Russia and Resolute
Bay in Canada, respectively. None of these files included rows 33-40 in the monthly data blocks for
each parameter. If N parameters have been scaled, then there will be N blocks for each of the months
contained within a single file. Also, each pair of files used in the two-hop IONOLNK2 analysis must
contain exactly the same parameter-month blocks or program execution will terminate. Thus, "null"
blocks may have to be inserted into files that include the first record (see Table A.2) followed by 31
rows of 24 "equipment fault" entries given by " C ". For the standard N = 14 parameters, the
ionosonde data file should be organized as shown in Table A.3. A complete description of the
parameter codes, descriptive, and qualification letters summarized in Table A.4a, b, and c, respectively,
can be found in UAG-23.
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"Table A.3 lonosonde Data File Organization

Block Month Parameter Numeric
,_ (Characteristic) code

1 January foF2 00
2 January M(3000)F2 03

13 January fkI 51
14 January fml 52
15 February foF2 00
16 February M(3000)F2 03

167 December f&I 51
168 December fmi 52

Table A.4a Parameter Codes

Description Parameter Codes and Meaning
F2 layer 00-foF2 01-fxF2 02-fzF2 03-M(3000)F2 04-hT2 05-hpF2
FI layer 10-foFl 11-fxFI 13-M(3000)Fl 14-hTl 16-hF_
E layer 20-foE 22-foE2 24-h¶E 26-h•E2 ii

Es layer 30-foEs 3 1-fxEs 32-fbEs 33-tEa 34-hWEs
Other 40-foFl.5 42-fmin,, 43-m(3000)FI.5 44-hFI.5

Spread 50-fol 5 1-fxl 52-fmil
TEC 70-1(2000) 71-I 72--1(xn)"

Table A.4b Qualifying Letters

Letter Meaning
A Less than (used only in case of total blanketing)
D Greater than
E Less than
I Interpolated
J Deduced from x component
M Mode uncertain
0 Deduced from o component
T Smoothed from sequence
U Uncertain
Z Deduced from z component
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Table A.4c Descriptive Letters

Letter Meaning
A Blanketing
B Absorption
C Non-ionospheric (equipment)
D Above upper freq. range
E Below lower freq. range
F Spread echoes
G Ionization density too small
H Stratification
K Night E layer p,'esent
L Insufficiently def'med cusp
M Mode uncertain
N Superimposed layers
0 Measurement refers to o component
Q Range spread
R Attenuation near critical freq.
S Interference
T Interpolated
V Forked trace
W Above height range
X Measurement refers to x component
Y Lacuna (tilt)
Z Measurement refers to z component

A-3 OUTPUT FILE DESCRIPTION

The IONOLNK2 computer program can generate two different output file formats depending on the
value of input file record number six (6). In either case, the output file begins with a description of the
two-hop link geometry, including the geographic coordinates of the two ionosonde stations. If record
six is "false" ("F"), the IONOLNK2 output filename has the same filename as the input file but with the
extension ".OUT" instead of ".INP". It contains a tabular normalized number density (probability
density function) for each possible propagation mode (currently one of the 16 possible two-hop modes
F2-F2, F2-Fl, F2-E, F2-Es, FI-F2, FI-FI, Fl-rn, FI-Es, E-F2, E-F1, E-E, E-Es, Es-F2, Es-Fl, Es-E, or
Es-Es), the average standard MUF vaiu;, An& t-he standard deviation of the standard MUF value for each
hour of the day. These statistics are created over the entire time interval requested by the input file.
The format for these density tables is depicted in Tables A.5a and A5b. A sample output file called
DKRS1991.OUT (Dikson-Resolute Bay) is provided with the software package.

The second output fide format was developed to provide a direct output for comparison with
IONCAP, ASAPS, or other HF prediction code output. This output file provides the optimum working
firquency (OWF or FOT, 10% not exceeded), the median standard MUF value (50% not exceeded), and
the lower decile standard MUF value (90% not exceeded) versus hour of day. In addition, the
corresponding average antenna take-off angle for each standard MUF-distribution value is also
provided. This output file has the extension ".LNK" and cannot be created simultaneously with the
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corresponding ".OUT' file. Parameter six (6) in the input file determines the form of IONOLNK2
output. The format of this file is outlined in Table 6 and a sample "*.LNK" file is provided with the
software.

Table A.Sa Propagation Mode Density Table

Hour Intervals (UT)
PROPAGATION

MODE: ... 0-1 1-2 2-3 23-24 NET

100 Pr nnn nnn nnn nnn nnn nnn nnn nnn
AVGFRQ -r f fIf fIf f f
SDVFRQ Sm I = I ss SS I sss sss sss

Innn is a probability expressed as a percentage (0 < nnn 5 100)
2ff.is a frequency (MHz) 3sss is frequency standard deviation (M&.)

Table A.5b Standard-MUF Density Table

Hour Intervals (UT)
Frequency (MHz) 0-1 1-2 2-3 23-24 NET

AAinm wn n nnn nwi nw mmn mm m

f ,m n mm nnn nnn mnn nnn nnn

YM mm mmn mm mmn nwi mmn nn
mmn mm mmn mm nnn mmn nn nwi

!f -f-ij implies that the standard MUF valuef is within the intervalfi.I <ff-. with the
indicated probability.

Table A.6 FOT, MUF, HPF Table in "*.LNK" Output File for Each Month

10% NOT EXCEEDED (FOT) year month

(HOUR:) 0-1 1-2 2-3 23-24 NET
FOT: f I ff ._ __ .f ff f ff

ANG: aaa2 aaa aaa am am a _a

50% NOT EXCEEDED (MUF) year month

(HOUR-) 0-1 1-2 2-3 23-24 NET
MUF:~ ff fff ffff f
ANG: aaa aaa aaa aaa aaa aaa aaa aaa

90% NOT EXCEEDED (HPF) year month

(HOUR.) 0-1 1-2 2-3 23-24 NET
HPF: •" I __ _ ff f f

ANG: aan ama aaa =aa aaa am __a a

ff- frequency in & 2aaa - angle in degrees
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A.3 IONOLNK2 PROGRAM LISTING

A3.1 IONOLNK2.FOR Source Program

SFREEFORM
$LARGE

INTERFACE TO SUBROUTINE HFLINK2( il, i2, 11, 12)
INTEGER*4 iI, i2
LOGICAL*1 11(4,4), 12
END

INTERFACE TO SUBROUTINE PARMBN2( il, i2, i3, i4, rl, cl, c2)
REAL*4 rl

INTEGER*4 iI, i2, i3, i4
CHARACTER*I cl, c2
END

"Program HFSOND2
U

"Purpose: Process an IONOSONDE data file following the conventions
"* established in UAG-23 and UAG-23A and determine the optimum

"frequencies for an HF communications link with its midpath
"above the ionosonde.

"Assumptions: It is assumed that both ionosonde data files have the
"same number of parameter data blocks per month. If not,
"then these input files must be modified to include a

" "filler" block containing" C" entries for the
"31 rows of 24 scaled-parameter values.

PROGRAM HFSOND2

" Declare variable types and dimension arrays

" Define a general input record with 120 columns and a holder for the
" previous record

CHARACTER* 120 RECORDI(2), RECORD(2)

" Define parameters to hold values describing the ionosonde station

CHARACTER*20 STATION name(2), STATION check(2)
CHARACTER*5 STATION code(2)
CHARACTER*4 TIE-meridian(2), STATIONCOLAT_ddg(2)
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CHARACTER*4 STATION-ELNG -ddg(2), YEAR(2)
CHAPLACTER*2 MONiTH(2), OLD -MONT
CHARLACTER*6 f RANGE(I 2)
INTGER*4 P code(2), N file, Ml_, M-2, YI1, Y-2, Y-3, Y-4
INTEGER"4 YEAR i. MONTH a, DAY a, HOUR-i
DITEGER*4 YEAR f, MONTH~f, DAYf, HOUR f

*Define 5-character code derived from UAG-23 for hourly interval

CHARACTER*I P _char(3), Q~char, D-char

*Define bins for yearly distribution of hourly values

REAL*4 dP, P 1, P 2, P 3, P value, MAX _howrs(1 :30,1:24)
REAL4 Pjo(1 :30), P hbgb(1 :30), P _scale(1 :3)

INTGER*4 i FILE, j CODE(2), N _CODE, i CODE, P - ndex(l :73), NDPISP
INTGER*4 N Pbins(1:30), i MONTH, PARM code(2), Pý type(1:30)
WNTGER*4 ERR. LINE2)

"*Declare arrays for HF link calculations

REAJ.*4 AfMfz ow, fMhz#hgh, dkm low, dkm,_hgh, Reý km. Rearthkim
REAL*4fMdHz irdisp, OfMizdisp
REAL*4 adgjlow, adg hgh, d.jMHz, d-dkm
REAL*4 a limit, ad& .bin, adg4rj bini, adg~modeý bin
IRJJ,*4 adg modeýhrbin, AVG ad modeý hr, AVG .adgmode
REAL*4 ljimit. dkm bin, dkm hr bin, dkm mode bin, PDkm(10)
REA,*4 dim-mode hr bin, AVG-dkm mode hr, AVG-dkm mode
REAL*4 f limit, fMHz bin, 90hz hr bin, fMVIz mode bin
REAL*4 fMHz mode hr bin, AVG_1MHz mode hr, AVGM&z mode
REAL*4 SDV fMdHz mode, hr, SDV fMHz mode, N~noLOS
REAL*4 N~dy, N hrdy, Ný mode_dy, N..modejirdy, N~dy hr, N~hr, N_-GOOD
REAL*4 COLAT_dg(2), LNG~dg(2). Dskm, As~dg azimuth, dg(2)

DNTGER*4 iDAY, iHOUR, LDST, LJRQ, LMODE, i-SIE
INTEGER*4 NýFRQ, NýANG, NDST, NDkm
InTEER*4 N-bins, monthOLD

CH&PACTEER*5 L heading(3), MODE-namIe(l :4,1:4)
CHARACTER*25 DIST heading

" Define storage for each parameter code, descriptive, and qualifyig
" letter.

REAj*4 foF2, fkF2, fzF2, M3000F2, hF2, hpf2, foFi, fxFI
REAj*4 M3000F I, hFlI, hF, foE, Mo2, hE, hE2, foEs
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REFA-L4 fxEs, fbEs, fEs, hEs, foFld5, fmin, M3000Fld5, hfld5

REAL04 fol, fx, fml, 12000, 11, lxx

" Define unused logical parameter employed in the IONSTATS program

LOGICAL*lI DIV-flag

" Define a character string of BLANK-line for null string searches

CHARACTER$21 BLANK line

" Define list of input files for analysis

CHARACTER*25 Sl .files(l :25), S2 files(l :25), INP file
CHARCIER*25 LNK-file, FILE-NAME, OUT-file, file-INP

" Define heading variables for output

CHARACTER* 10 P names(1 :30)
C[ARACTER*5 QULheading, DESCýheading
CHARACTER*5 P heading(1:3), DIM heading(1:4)
CHARACTER*25 HOURjheading

CHA.DATER* QUA7alue(l :10), DESC valu(1 :23)

LOGICAL* 1 YEAR mask(1 :25), MONTHmiask(l: 12), DAY mask( 1:3 1)
LOGICAL*I1 HOUR mask(1:24), CODE mask(1:30), CODE-flag
LOGICAL* 1 P Tflag, LINK flag(4,4), LfRag
LOGICAL* I P10, FLAG, P50YFLAG, P90_FLAG
LOGICAL* 1 READ flag, RINJflag. Rept Pag. DAYJ fag, HOURkflag
LOGICAL*1I MONTJHLY flag. FIRSTý.month, GEOG~fhg

Define COMMON blocks

COMMONA1ONSNPI foF2(2,3 1,24), M3000F2(2,3 1,24), hF2(2,3 1,24), -

foFl(2,3 1,24), M3000FI(2,3 1,24), hFI(2,3 1,24), -

hF(2,3 1,24), foE(2,3 1,24), -

hE(2,31,24), foEs(2,31,24), fbEs(2,31,24), -

fEs(2,3 1,24), hEs(2,3 1,24)

fmin(2,3 1,24), fkI(2,3 1,24)

COMMON /MISC/ Re-km, Rearth-kmn

COMMON ILIMIT/ fMvHz-low,3 fM#hZ~gI, NjFRQ, dkin low, dkm hgh, NýDST, -

adgjIow, adg hgh, NANG, LNkfile, d_tMvz, d_dkm, -

dadg, As~jd, Dsjcni
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*COMMON /ANGLE/ adg~bin(O:6 I), -

&d&_hrbin(1:24,0:61), adg~mode bin(l :4,1:4,0:61), -
* £~idgmode...r..bin( 1:4,1:4,1:24,0:61), -

AVG adg~mode hr(1 :4,1:4,1:24), AVG adg~mode( 1:4,1:4), -
ANG..hrfr(1 :24,0:61,1:2)

COMMON /ANGLE/ ANqhrfrq(1:24,0:61,1:2)

*COMMONIRALNGEIdkm bin(0:6 1), -
dkm...hr-bin(1 :24,0:61), dkm-mode...bin(l :4,1:4,0:61), -
dkm mode hr bin(1 :4,1:4,1:24,0:61), -

U ~AVG dkm-mo-de Iir(1 :4,1:4,1:24), AVG dkm-mode(1 :4,1:4)

COMMON IIFRQBN/ f limit(1: 12,1:2), fMhfz _bin(0:61), -

fftihzjr bin(1 :24,0:61), fM[Rz -mode bin(1 :4,1:4,0:61), -

fMliz mode..hr..bin(1 :4,1:4,1:24,0:61), -

AVG fM~lz modeý hr(1 :4,1:4,1:24), -
SDV fMlh mode~hr(l :4,1:4,1:24), -

A.VG fMhz mode(1 :4,1:4), SDV fMhz&mode(1:4,1:4), -
AfMlýhrdisp(1:24,1:12),fM~z....disp(1: 12)

COMMON /COUJNT/ N_dy, N. hr dy(1 :24), N mode dy(1 :4,1:4), NG00D, -
N mode hr dy(1 :4,1:4,1:24), Nj..yjur(1 :24), N hr, -

NýnoLOS-

"Initilz constant

DATA P-ndex1 ,2,3,4,5,6,4*0,7,8,0,9,10,0,1 1,3*0,-

21,0,22,23,24,5*0,25,26,27,17*0,28,29,30/

DATA P type/3*1,3,2*2,2*1,3,2,2, l,1,2,2,4*1,2,-

1,1,3,2,3*1,3*1/

DATA P-scale/1 0.0,1.0,100.0/

DATA BLANK-linet '

DATA P nares/'foF2','TxF2','fzF2','M(3000)F2',h"F2',!fpF2',-
'foFl',fcicF','M(3000)FI ',h'hFl1','h'F',foE','oE2','h"E','h"E2',-
'foEs','fEs','fbEs','fls,h'hEs','foF 1.5 p-fmni'!,'(3000)F 1.5,-
Ii~fl.5YfTol','fl,'fm','I(2000Y,T,'1(xxxyI

DATA MODE name/'F2-F2','F1-F2',' E-F2','Es-F2'. -

iF2-F1','FI-F1',,' E-F1',!Es-FI',-
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'F2-E',' F I -E,' E-E',' Es-F, -

72-Esl, i-Ba'i,' E-Es',!Es-Es'I

DATA PheadingP FRQ @', HGT ','

DATA DIM headingt(MfHz)','(km)','FACTR','(deg)'/
DATAH~T heading? Universal TueimewHours'/
DATA QUAL heading? QUALI
DATADS headingr DESC'/
DATA DITheadingPPath Length in Kilometers'/
DATA L heading? FRQ ',' ANG #,' HOT V
DATA f limit/2.0, 6.0, 10.0, 14.0, 18.0, -

i2.0, 26.0, 30.0, 40.0, 60.0, 100.0, 150.0, -

6.0, 10.0, 14.0, 18.0, 22.0, 26.0, 30.0, -

40.0, 60.0, 100.0, 150.0, 300.0/

DATA N DISP/ 121

DATA fRANGE P 2-6 , ' 6.101,1'10-14'3',114-18'P '18-22', -

"22-26 ',-'26-30 ','30-40' '940-60 ', '60-100, -

'to 150', -to 300/

Rearth km - 6370.0
ReIký=4. 0* Rearth km /3. 0

"* Open input file

WTE6,*) 'Type name of input file with extension ¶.INP"'
READ(6,600) file INP

" Concatenate input and output file names

INP file - file INP(l :LEN TRlM(fileINP))/P.MNP
OUTf file -file INP(l tEN TRIM(flle INP)YI'.OUr`
LNK~file =file INP( :LENTRIM4(fileINW/_ LK

" Read input file

OPEN(UNIT=2,STATUS-'OLD',IEhhhIP~file)
READ(2,*) STATIONcheck(1), STATION~check(2)
READ(2,*) HOURk_i, DAYJ, MONTHJi YEAR i
READ(2. *) HOUR, fDAYJf, MONTHJ, YEAR f
READ(2,*) ( YEAR maskoj), j -1, 25 )
READ(2,*)(MONTH .maskj), j -1, 12)
READ(2,*) MONTHLYjflag
READ(2,*) (DAY mkasj), j - 1, 31)
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READ(2.0) (HOU,_naskoj), j - 1, 24)
READ(2,*) NDkm, (DkmOn), j -I1 NPkm)
READ(2,*) SM;_fIz ow. fM*1z hgh NFRQ
READ(2,*) dkm ljow, dkm ~hgh N DST
READ(2,*) adgjow, adg~hgh, NAýNG
DO i- 1,30

READ(2,*) j, CODE maskoj), P iowoj), P hbghoj), NýPbinsoj)
END DO
READ(2,*) DlVjlag

" READ(2,*) NJILE

" Read names of standard ionosonde files. If an error occurs or if
" if no input fienames are present, output the appropriate message

and stop execution

i FILE-I

100 READ(2,*¶ERR-998,END=999) Sl-files(i FILE), S2jfiles(iFILE)

Determine the number of ionosonde input files

DO WHILE (i LFLE .GT. 0)
i FILE -iFILE+ I
iEAD(2 ,*,END 102) S1 files(iFILE), S2 files(i FILE)

END DO

102 N file -i FILE- I

i iFELE-2
DO WHILE (i FILE .LE. N' ILE)

i FILE= iFILE+ I
'I READ(2,601) S1 files(iFILE), S2_fies(LFILE)

*END DO

d 801z = ( fM0z hgh - fMvffz-low ) I FLOAT( NFRQ)
dadg = ( adg_ kgb - adglow ) / FLOAT( Ný._ANG )
d_dkm -( dkmh.lgh - dkm lIow) / FLOAT( NDST)

"INITIALIZE all bin values to zero

NGOOD= 0.0
month old = 0
adg..bi~n - 0.0
adg..br bin = 0.0
ad-mode bin = 0.0
adg..modejhr.bin = 0.0
AVG~adgjnodej hr = 0.0

A-16



AVG adg mode - 0.0
ANGahrjrq - 0.0
dkm bin - 0.0
dkm hr bin- 0.0
dktmnode bin - 0.0
dkm mode hr bin - 0.0
AVG dkm-mode hr = 0.0
AVG dkm mode - 0.0

Mfl-z bin - 0.0
fMHz hr bin - 0.0
f5Mz mode bin - 0.0

MHz -mode hr bin - 0.0
AVG ft _ mode hr 0.0
SDV fMHzmode hr - 0.0
AVG fM.z mode = 0.0
SDV fMHz mode - 0.0
M _•hrý_disp- o.0

fME-z disp = 0.0
N_dy,; -0.0
Nhr- 0.0
N1.hrjdy - 0.0
N dyh4r - 0.0
N mode.dy = 0.0
N_mode_hrý..dy - 0.0
N months =0
NCODE- 0

" Initialize all ionosonde parameter storage locations to -1.0. Note that
"the commented parameters are not yet used in the calculation of forward
" propagating signals.

foF2 - -1.0
"W fxF2 - -1.0
" fzF2 = -1.0

M3000F2 = -1.0
hF2 - -1.0

" hpf2 - -1.0
foFi = -1.0
"fxFl -1.0

M3000FI -- 1.0
hFl -- 1.0
hFF = -l.0
foE - -1.0

" foE2 - -1.0
"hE -- 1.0

M E2-1.0
foEs =-1.0
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*f2CEs w.1.O
" fEs =-I.0

hEs -1.0
"foFld5 M-1.0

" fmin -1.0
• M3000FIdS -l.0

"hfld5 -1.0
"fol -1.0

" fI - -1.0
" fmI - -1.0
" 12000'-4.0

"b Ixx .1.0

" Print heading for OUTPUT file.

IF (MONTJHLY_ ag) THEN
OPEN(NT-8,STATUS-UNKNOWN',ACCESS='APPEND',FILE-LNKfide)

WRITE(8,701) LNK-file
ELSE

OPIENUNIT-3,STATUS='NEW,FILE-OUTfile)
END IF

"START of FILE loop

i FILE-O
RUNfJag - .TRUE.
GEOG flaS = FALSE.
DO WHILE ( iFILE IT. NFILE .AND. RUNJfIag)

" Initialize the FIRST month flag to "TRUE", indicating that the
" first month of data in the current input files has not yet been (reread
" AND increment the input file counter to a "1".

FIRSTmonth = .TRUE.

iF•E =- iLE + 1

"* Set both READPfag values to "T" at the start of the parameter input loop

READ flag =.TRUE.

" Open input file for ionosonde data from current station

OPEN(UNITw4,STATUS='OLD',FILE=S lfiles(LFILE))
OPEN(UNIT=7,STATUS='OLD',FILE=S2.files(.FILE))
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" Start of file-read loop. "READ-flag" tells the program to keep
"reading parameter values for the current YEAR, MONTH, and DAY in the
"MONTH if set to *TO. If OF", then it discontinues reading the current

"station file.

i.READ-0
E _RR.LNE(I) - 0
ERRJ INE(2) = o

DO WHILE ( REAPflag .AND. RUN-flag)

iREAD= iREAD+ I

"Read the next line of the current input file and check the first
"21 characters to make sure they are nonblank. If they are blank,
"then a new record should be read.

RECORDI(IXI:21) = BLANK-line
DO WHILE(RECORD_I(IXI:21) EQ. BLANK line)

ERR LINE(1) = ERRLINE(1) + I
READ(4,702,END=200) RECORD 1(1)

END DO

RECORD I(2X 1:21) - BLANK line
DO WHILE( RECORDI(2X1:21) .EQ. BLANK-line)

ERR LI 2) = ERR LINE(2) + I
READ(7,702END-200) RECORDJ(2)

END DO

"Extract station name, code, standard time meridian, geographic co-latitude,

"east longitude, year, month, and the parameter code

DO iSITE - 1, 2

STATION_name(iSITE) = RECORDI(iSITEXl:20)

IF (STATION name(iSITE) .NE. -
STATION check(iSITE) ) THEN

warITE6,*)
WRITE(6,*) 'ERR: Station name is not input name!'
WRJTE(6,*) 'I',' STATION-check: ', STATIONcheck(1)
WRITE(6,*) 'STATIONname: ', STATION name(1)
WRITE(6,*) TILE 1 LINE: ',ERRLINE(l)
WRnTE6,*)
WRTE(6,*) '2'7,' STATION-check: ', STATIONcheck(2)
WRITE(6,*) 'STATION name: ', STATION.name(2)
WRITE(6,*) TILE 2 LINE: ',ERRLINE(2)
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WRrTE(6,*)' Execution has been halted.'
WRITE(6,*)' Please check station names and try again.'
STOP

ENDIF

STATION code(i.SITE) - RECORDI(iSITE)(21:26)
TIME meridian(i SITE) = RECORDI(.SITEX26:29)
STATION COLATddg(iSITE) - RECORDI(SITEX3 0:33)
STATION ELNG ddz(LSITE) = RECORD (iSITEX34:37)

END DO

"Extract the YEAR from the current input file. If the YEAR is not to
"be included in the analysis (YEAR mask) or it falls outside of the

" desired processing interval, then exit loop which reads file for current
"YEAR for both sites, i.e., do not read the corresponding file for the

" second site.

DO iSITE - 1,2

YEAR(iSITE) - RECORD l(i SITEX38:41)
Y1 - ICHAR( RECORD I(i.SITEX38:38)) - 48
Y_2 ICHAR( RECORD I(LSITE39:39) ) - 48
Y_3 = ICHAR( RECORD I(LSrTEX40:40)) - 48
Y_4 = ICHAR( RECORD I(iSITEX41:41)) - 48

iYEAR = 1000* Y I + 100 * Y_2 + 10" Y3 + Y4
IF ( i YEAR .T. YEAR_i OR. i YEAR .GT. YEAR_f.OR.-
.NOT. YEAR mask(iFILE) ) THEN

READ_flag .FALSE.
ENDIF

END DO

IF (.NOT. READflag) CYCLE

IF (YEAR(l).NE. YEAR(2)) THEN
WR/TE(6,*) UERR: The YEAR values differ between the two'
WRITE(6,*) ' ionosonde input files!'
WRITE(6,*) 'ACT: Execution has been halted.'
WRITE(6,*) ?lease check these files and try again.'
STOP

END IF

" Extract the MONTH from the current input file. If the MONTH is not to

" be included inthe analysis (MONTH mask) or it falls outside of the

"desired processing interval, then exit loop which reads file for current
"MONTH for both sites, i.e., do not read the corresponding file for the
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" second site. If this is the first input file, initialize MONTHI to
•i MONTH.

DO i SITE- 1, 2
MONTH(iSITE)- RECORD I(i SrTEX42:43)
MI - ICHAR( RECORD I(LSrrEX42:42)) - 48
M42 - ICHAR( RECORDI(iSlTEX43:43)) - 48
i MONTH• - 10 * M-1 + M2
EMDDO

IF (MONTH(l) .NE. MONTH(2) ) THEN
WRITE(6,*) 'ERR: The MONTH values differ between the two'
WRITE(6,*)' ionosonde input files!'
WRITE(6,*) 'ACT: Execution has been halted.'
WRITE(6,O) 'Please check these files and try again.'
STOP

ENDIF

" If the current YEAR is the final year, check to see if the final MONTH
" has been exceeded. If so, stop reading parameter blocks for the current
" SITE and either look at the next SITE's file or exit to process the
" results.

IF (iYEAR EQ. YEAR..AND. iMONTH .GT. MONTH f) THEN
READ flag= YALSE.
CYCLE

END IF

" If the current MONTH data block is not to be processed or if the first
" MONTH data block to be processed has not yet been encountered, then read
"the next 31 records to skip the current data block and read the next
"* data block.

IF (.NOT. MONTH mask( iMONTH).O. -
(iYEAR .EQ. YEARi .AND. i MONTH .LT. MONTH i) ) THEN

DO i = 1, 31
ERRLINE.1) = ERRL1NE(l) + 1
READ(4,702,iEND=200) RECORD_ (1)
ERRLINE(2) = ERR.LINE(2) + I
READ(7,702,ND=200) RECORPD_1(2)

END DO
CYCLE

ENDIF

IF (FIRST month) THEN
MONTHI = i MONTH

FIRST month = .FALSE.

A-21



ENDIF

" If this is the first file read, determine the latitude and longitude

" of the current ionosonde station site and then compute the inter-site
" Great Circle path length and bearing angles.

IF (.NOT. GEOG flag) THEN

DO iSITE - 1, 2

L I - ICHAR(RECORD_I(i.SITEX30:30)) - 48
L72 - ICHAR( RECORDI(iSITEX31:31)) - 48
L73 - ICHAR( RECORD I(iSITE)X32:32) ) - 48
L_4 = ICHAR( RECORD I(i.SITEX33:33) ) - 48
I DUM I100*LI + 0L2+L.3
COLATdg(i.SIT) - FLOAT( I DUM ) + 0.1 * FLOAT( L_4)

L_1 = ICHAR( RECORD I(iSITEX34:34) ) - 48
L.2 = ICHAR( RECORDI(iSITE)(35:35) ) - 48
L73 = ICHAR( RECORD I(LSITEX36:36) ) - 48
L_4 = ICHAR(RECORDI(iSITEX37:37) ) - 48
I1DUM=100*L 1+10*L_2+L_3
LNG gdg(iSITE) - FLOAT( LDUM ) + 0.1 * FLOAT( L_4)

END DO

CALL BEARING( STATIONname, COLAT.d& LNGJd& Dskm, -
As_rd, azimuth_dg, MONTHLYflag )

GEOGflag - .TRUE.

ENDIF

"Read and decode the parameter code whose values are contained in the
"next-to-be-read input block for the current file and ionosonde station.

DO i STE = 1, 2
Pcode(1) - ICHAR(RECORD..(i..SITEX44:44) ) - 48
P-code(2) = ICHAR( RECORD.I(i SITEX45:45) ) - 48
PARM_code(LSrTE) = 10 * Pcode(i) + P-code(2)

jCODE(LSITE) = P--mdex( PARM.code(LSITE) + 1)
END DO

IF (jCODE(1) .NE. jCODE(2) ) THEN
WRITE(6,*) MXR The PARMAMETER values differ between'
WRITE6,*) ' the two ionosonde input files!'
WRIE(6,*) 'ACT: Execution has been halted.'
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WRITE(6,*) 'Please check these files and try again.'
STOP

ELSE
iCODE - j_CODE(I)
ENDIF

WRITE(6,*) 'MONTH: ', i MONTH,' PARM: ', iCODE

" If not all of the parameters have yet been read from the current file
" AND the current parameter code exceeds the code counter "N CODE", then
" set ON CODE" equtl to the parameter CODE counter "i_CODE". This state
"implies that not all of a month's data blocks have yet been input and
" processing of the monthly data cannot proceed.
" Otherwise, determine if all of the data blocks necessary to process
" the current month's data have been read for both stations. If so,

"process the month's data.

IF ( MONTH .EQ. MONTHal ) THEN

IF (iCODE.LE. NLCODE)THEN

""iCODE < N CODE" means that N CODE has been reached a maximum from
" a first pass through all blocks in a previous month's-worth of data.
" In this case, the first month's data has been read and the first block
" in the second month's blocks has been detected. Process the first months
"data

DOiDAY= 1,31
DOi_HOUR- 1, 24

CALL HFLINK2( iDAY, iHOUR, LINK flag, -
MONTHLY flag )

END DO
END DO

IF ( month OLD 2Q. 0) month OLD = i MONTH -1
IF ( monthOLD .EQ. 0 )month OLD = 12

IF (MONTHLY flag) THEN
CALL NRMLYZE( iYEAR, month-OLD, MONTHLY flag )

ENDIF

N_months - N months + I
month OLD = i MONTH

FIRST month = .FALSE.
OLD ONTH = MONTH(1)

ELSE
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N CODE - iCODE

ENDIF

ELSE IF (iMONTH .NE. MONTH_) ) THEN

DOi DAY-I, 31
DO i HOUR - 1, 24

CALL HFLNK2( i_DAY, ijHOUR, LINK flag, -

MONTHLY-flag)
END DO

END DO

IF ( month OLD .EQ. 0) month OLD - i_MONTH - I
IF (month OLD .EQ. 0) month OLD = 12

IF ( MONTHLY flag ) THEN
CALL NRMLYZE( i YEAR, monthOLD, MONTHLY-flag )

ENDIF

N months - N-months + I
month OLD - iMONTH

FIRST month -. FALSE.
OLD_MONTH - MONTH(l)

ENDIF

"If the current parameter code is not to be used, read the next data
block and return to start of loop.

CODEJfag = .TRUE.

IF (.NOT. CODE mask( iCODE ) ) THEN
DOi= 1, 31

ERR LJNE(1) = ERRLINE(1) + I
READ(4,702END=200) RECORDJ(1)
ERR LE()= ERR LINE(2 + 1
REbAD(7,702,END=200) RECORDJ(2)

END DO
CODE flag = .FALSE.

ENDIF

IF (.NOT. CODE flag) CYCLE

" Determine the upper and lower bin limits of the parameter for either

"Afeuency (iDIM 1) or height (LDIM = 2)
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iDIM- P type( iCODE)

Nbin - N Pbin( iDIM)

" Compute parameter increment value

d-P - (P h(LCODE) - Pjow(LCODE)) -

I FLOAT(NFbins(iCODE))

" START loop for each day of the current month

i DAY-0
DAY_flag w.TRUE.

DO WHILE (iDAY IT. 31 .AND. DAYflag)

iDAY -i iDAY + I

" Read next input record and divide into 24 5-character strings
" Check the first 20 characters to make sure they are nonblank. If they
" are blank, then a new record should be read.

ERR LINE(l) - ER L1NE(1) + I
READ(4,702END-997) RECORD j(1)
ERRLINE(2) - ERR LINE(2) + 1

READ(7,702,END-997) RECORD 1(2)

""WRTE(6,*) 'SITE 1 INPUT RECORD'
"WRrTE(6,*) RECORD_1(1)

* WRlTE(6,*) 'SITE 2 INPUT RECORD'
"* ,WRTE(6,*) RECORP 1(2)

" Check to see if current day is within interval to be processed.

IF ((i_YEAR.EQ. YEAR i.AND. i MONTH.EQ. MONTH.i -

.AND. i DAY .LT. DAY.i).OR. -

.NOT. DAY mask(i DAY)) CYCLE

IF (iYEAR .EQ. YEARf .AND. i MONTH EQ. MONTHf -
.AND. i DAY .GT. DAYf) THEN

DAYjfag -. FALSE.
READflag = .FALSE.
CYCLE

ENDIF

" START loop for each hour of the current day.

HOURJflag = .TRTE.
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i HOUR-0

6DO WHOLE (i.HOURI.T. 24 .AND. HOUR-flag )

i HOUR-i LHOUR+ I

N...dy...hr(LHOUR) - N...y hr(LHOUR) + 1.0
Nhr -Nhr + 1.0

Check to see if current hour is within initerval to be processed

IF ((iYEAR.EQ. YEAR i.AND. L MONTH .EQ. MONTH i -
.ANID. i DAY EQ. DA-Y-i.AND5. iHOURI.T. HOURJi) -

OR. .N0T. HOUR mask(i HOUR)) CYCLE

U ~IF ( LYEAR .EQ. YEAR f .AND. i MONTH .EQ. MONTH f' -
U ~.AND. i DAY EQ. DATY .ANDi RHOUR .GT. HOUR f) THEN
U HOURJ fag - .FALSE.
U DAY flag - FALSE.

Rept flag - .FALSE.
CYCLE

END IF

UDetermine the parameter value for each ionosonde station.

k-SITE -=0

DO iSITE = 1, 2

P value = 0.0

k..CHAR = 5 * (i.HOUR - 1 )+ 1

IF ( RECORD _I(i SITE)(kSHARikCHAR+4) -

.EQ.' ')CYCLE

Read scaled parameter for the currenit hour at the ionosonde.

Pcphar(l) = RECORD I(LSUTE)kHAR:k...CHAR)
Pchar(2) = RECORD ILiSITE)(kCHAR+l :k_CHAR:+1)
Plchar(3) = RECORD (L.SITE)(k..CHAR+2:k....HAR+2)
Q~char = RECORD I(i SITE)(kSHA+3 :k-CHAR+3)
D-char = RECORD I(iSIXk....CHAR+4:k...CHAR+4)

IF (P chiar(l) .NE. g 0) THEN

p1I REAL( JCHAR( P char(I)) 48)

p72- REAL( ICHAR( P char(2)) -48)
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P 3 REAL( ICHAR(P..char(3)) - 48)

P flag = .TRUE.

ELSE IF (P.char(2) .NE.' ) THEN

P 1-0.0
P72 - REAL( ICHAR( Pchar(2) ) - 48 )
P73 - REAL( ICHAR( Pchar(3) ) - 48 )
Pjlag = .TRTE.

ELSE IF (P char(3) .NE.' ) THEN

P.1 -0.0
P 2-0.0
P73 - REAL( ICHAR( P.char(3)) -48)
p.lag - .TRUE.

ELSE

P value - 0.0
Pjlag - .FALSE.

ENDIF

IF(P lag)THEN

Pvalue ( 100.0*PI + o0.0*P 2 + P3)-
/ P.scale(LDIM)

kSITE - k.SITE + I

CALL PARMBN2( i_SITE, i_DAY i_HOUR, iCODE, -
P_value, Q.char, D~char)

ENDIF

" End of station loop.

IF (k SITE .EQ. 2) N GOOD = NGOOD + 1.0

ENDDO

" End of hourly loop for current day, parameter, month, and year (file).

ENDDO

" End of daily loop for current parameter, month, and year (file).
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END DO

" End of current parameter & month loop for year (file).

END DO

" All input records in the current input file (or year) have been read.

200 CLOS' JT-4)

"Input results from next year (or file)

ENDDO

" Compute HF links for last month

DOi DAY- 1,31
DO iHOUR - 1, 24

CALL HFLPNK2( LDAY, i_HOUR, LINKfla& MONTHLY flag )
END DO

END DO

N months - N months + I

IF (MONTHLYiag ) THEN
CALL NRMLYZE( i_YEAR, month OLD, MONTHLY-flag)

ENDIF

monthOLD - iMONTH
FIRSTmonth - YALSE.

" Output the probability distributions for each parameter code, both
"for each hour and over all hours in a column format

IF ( .NOT. MONTHLYjfag) THEN

* All input files have been read. Normalize each distribution count
" by the numbers of samples for each paramater code.

CALL NRMLYZE( iYEAR, iMONTEH, MONTHLYnIag)

WRJTE(3,704) STATION name(l), STATIONlname(2)
704 FORMAT(/l0x,'IONOSONDE PARAMETER STATISTICS AT , -

/IOx, a20,' & ', a20)

WRrrT3,705) HOURk, DAY_i, MONTH.i, YEARi, HOUR_f, DAY_f,-
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MONTH~f YEAR f
705 FORMAT(/lOx,'IONOSONDE measurements processed for the period:',

/10x, 'From: ', 3(i2~, '),i4, to ',3(i2,', %W)j

"Output HF link propagation characteristics.

WRIME3,730)
730 FORMAT(//10xW~H LINK PROPAGATION VERSUS HOUR & 2-HOP MODE)

Output hourly results for each two-hop propagation mode

DO i-MODE-= 1, 4

DO jMODE =-1, 4

WRITE(3,734) ?ROPAGATION MODE:'
MODE -name(LMODEjYMODE), -

(i, j = 1, 24)
WRITE3,736) '100 Pre, -

(10O.0*N-mode-hr dy(iMODEjMODE,iHOUR),i-HOUR-1 .24), -

1 00.O*N ;mode dy(i MODEj_ MODE)
WRITE(3,737) -AVGFRQ', -

(AV~fifMiz modehr(LMODEjMOEiHOUR), -

i HOUR-1,24), AVG BMHzm1ode(i MODEjMODE)
WRfTE(3,737) 'SD5VFRQ',- -

(SDV fMHz mode hr(i MODEJ MODEJi_HOUR),
L HOUR-1,24), SDV RMfHzmode(i MODEjMODE)

WRlTE(3,737) 'AVGANG', -

(AVriadg~modchrXiMODEjMODE iHOUR), -

iHOIJR=1,24), AVG adg mode(i MODEjMODE)
WRITE(3,737) 'AVODS?, -

(AVGdkm,_mode hrQODEjMODEjiHOUR), -
iHOUTR=1,24), AVG dkm-Xmode(iMODEjMODE)

END DO

END DO

WRITE(3,732)

WIRrTE3,738) 2.O*Dsjc,'FREQ ', '(MHZ) ', (i, i 1, 24)

DO iDISP = 1, N DISP

WRITE(3,742) f RANGE(i.DISP), -

(100.O*fMHz-hr-disp(i.HURLDISP), L-HOUR = 1, 24)-
IO0*fMhz..disp(LDISP)
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END DO

WRlTE(6,) "GOOD" hour percentage: ',N 7GOOD / Njhr
WRITE6,*) 'Percentage of NO LOS hours: .,NjioLOS INjir

WRITE(3,746)
WRITE(3,748) 2.O*Ds...km, 'ANGLE' (i, i-1, 24)
DO i-ANG - 0, N-ANG

* adg -adgjlow + L-ANG* a

* WRflE(3,752) a dg,(adg~hr...bin(LHOURiANG),iHOUR= 1,24), -

a adg~bin(jANG)

* END DO
* WRITE(3 754) (adg~hr bin(i HOURN ANG+1),i HOUR=1,24), -

a adg bi(N..ANG+1)

a WRITE(3,756)
VAWUME3,758) 2.O*Ds km, ' RANGE', (L, i =1, 24)

* DO iDST=-0,N-PST

a dkm -dkm low + iHGT*d-dkm

WRrTE3,762) dkm, -

*(dktqbhirbmQH0UR~iDST),LHOUR-'4,24). -

ali dbin(..PST)

a END DO
aWRITE(3,764) (dkm, hrý bin(j HOURNýDST+1),L HOUR-"'1,24),-

dkm~bin(NDPST+1)

"End of distance loop

END IF

CLOSE(UNIT-2)

IF (MONTHLY flag) THEN
CLOSE(UNIT4;)

ELSE
CLOSE(UN1T"3)

END 7

STOP
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997 WRITE(6,*) 'Error on input, probably wrong number of -
characters in record'

cLOSE(M-2)
cLOSE(UNIT-3)
STOP

998 WRITE(6,*) 'Error on input, probably no access to input file'
CLOSEUN-2)
cLOSE(UNIT-3)
STOP

999 WRITE(6,*) 'No ionosonde input files were listed'
CLOSE(UNIT=2)
CLOSE(UnT-3)
STOP

600 FORMAT(a20)
601 FORMAT(a25,Ixa25)
700 FORMAT(a20,1Xa20)
701 FORMAT(lx,'Input fdename: ',a30)
702 FORMAT(a120)
734 FORMAT(//Ilx, a.19, a5,33x, 'Hour of the day' -

/ 7x, 24( Ix, i3, lx), ' NET')
736 FORMAT( Ix, a6, 25(f4.1,1x))
737 FORMAT( Ix, a6, 25(f4.1,lx))
732 FORMAT(//II,***** MAXIMUM USABLE FREQUENCY ****')
738 FORMAT(l/5X,' Link Range: ',f7.1, 'KM -

//Ix, a6, 48x'Hour of the day (UT)' -
Ax, a5,24(2x, i3 ),' NET')

742 FORMAT( Ix, a6, 25(f4. lx) )
746 FORMAT(T1//10x,'***** RAY ELEVATION ANGLE ***)
748 FORMAT(/I5x, ' Link Range: ', f7.1, 'KM -

Illx, a6, 48x, 'Hour of the day'-
r1x, 24(i3, 2x),'NET)

752 FORMAT( Ix, f6.2,25f5.3 )
754 FORMAT( Ix,' > ', 25f5.3)
756 FORMATC'//10X,'***** FIRST-HOP PATH LENGTH *****')
764 FORMAT(lx,' > ', 25f5.3 )
758 FORMAT(/15x, ' Link Range: ', f7.1, 'KM` -

I1x, a6, 48x, 'Hour of the day'-
r/x,24(i3,2x), 'NET')

762 FORMAT( Ix, f6.1, 255.3)

END
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SUBROUTIN NRMLYZE( LYEAR, LMONTHK MONTHLY-flag)

" Declare arrays for HF link calculations

REAL*4 iMHZlow, SfMiz lgh, dkmqow, dkojhgh
REAL*4 3Mzbhrdisp, AhHftisp
REAL*4 adg_)ow, adg.hgh, djMfz, d-dkm
REAL*4 ajlimit, adg~bm.l ad&.htrbin, adjLmode..bin
REAL*4 adumode~hr-bin- AVGLads-mode hr, AVGLadg-mode
REAL*4 d limit, dkmý bin, dkm~hr bin, dkm -mode-bin
REAL*4 dkm mode hr bin, AVG dkm mode hr. AVG dkm mode
REAL*4 fjlimit, DMHZ bin, SfMHZ hr bin, fMgz-mode-bin
REAL*4 Mhz mode hrý bin, AVGJfff modehr AVG fhvIHz mode
REAL*4 SDV &9hz mode br, SDV fMffz mnode, N..dyhfr, Nthr, N-GOOD
REAL*4 N'dy, N hr dy, N mode dy, N mode hr d, N..smp, N noLOS

INTEGER*4 LDAY, LHOUR, LDST, iyRQ, LMODE, i-SITE
fln(jR*4 N DST, N FRQ, N-ANG
INTEGER*4 N bits, month OLD

CHARACTER*5 L_:ieadin(3), MODE,_pame(l:4l1:4)
CHARACTER*25 DISTjOiegadn

" Declare variables for MUF calculations

REAL*4 m MUF, b MUF, DUM_1, DUM 21 Nkm~hr, N-km
REAL*4 MUF..l0(l:24), MUWfiO(l:24), MUF_90(1:24)
REAL*4 ANGJIO(1 24), ANG..S0(1:24), ANG_90(1:24)

INTEGERL4 LJEAR, i MONTHK N DISP

LOGICAVIP PIOJLG P50_FLAG, P9OJFLAG, MONTHLY' flag NONZEO flag

LOGICAL*1 TESTFLAG

CHARACTER*25 LNK file

Define all common blocks.

COMMON/ONSNP/ foF2(2,3 1,24), M3000F2(2,3 1,24), hF2(2,3 1,24), -

foFl(2,3 1,24), M3000FI(2,3 1,24), hFl(2,3 1,24), -

bF(2,31,24), foE(2,31,24), -

hE(2,3 1,24), foEs(2,3 1,24), fbEs(2,3 1,24), -

ffis(2,3 1,24), hEs(2,3 1,24)

* ~fiin(2,3 1,24), fxl(2,3 1,24)
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COMMON /MISC/ Re-km, Reuth-km

COMMON ILNIT/ fMhfflýow, fti*f12zhgh, NFRQ, dkm low, dkm_hgh, NDST, -
adgjow, adg~hgh NANG, LNK file, d fMHz, ddkm. -

4_adg& AkAd Ds-km

COMMON JANGLE/ adg~bin(O:6 1), -

adg~hrýbrn(1 :24,0:61), adg mode bin(1 :4,1:4,0:61), -
* adg moodehr bin(1 :4,1:4,1:24,0:61), -
* ~AVG ad&_mode _hr(1 :4,1:4,1:24), AVG adg...mode(1 :4,1:4), -
* ANGhrýfrq(l :24,0:61,1:2)

COMMON JANGLE/ ANG hrfrq(1 :24,0:61,1:2)

*COMMON /RANGE/ dkm-bin(0:61),.-
a ~dkmjhrbin(1 :24,0:61), dkm _mode bin(1 :4,1:4,0:61), -
* dkm..modehrýbin(1 :4,1:4,1:24,0:61), -
a ~AVG-dim mode hr(1 :4,1:4,1:24), AVG dkm-mode(1 :4,1:4)

COMMON IFRQBNI fJlimit(1: 12,1:2), fMvff bin(0:61), -

fMtz...hrbin(1 :24,0:61), flMbzmodcebin(1:4,1:4,0:61), -
ftvlhzmode hr bin(1 :4,1:4,1:24,0:61), -
AVG 80fhz mode, hr(1 :4,1:4,1:24), -
SD`VfMvffmodiqhr(1 :4,1:4,1:24), -

AVG fM~hz mode(1 :4,1:4), SDV 56hz mode(1 :4,1:4), -
fMI;zhrdisp(1 :24,1:12), dMlz~disp(1:12)

COMMON /COUNT/ N~dy, N hr dy(1 :24), Ný mode dy(1 :4,1:4), N GOOD, -
N mode hr dy(1 :4,1:4,1:24), N dy hr(1 :24), N hr, -
N ioLos

DATA N DISP/12/

*IF (N~dy .T.0.5 )RETURN

DO ijRQ -0, N FRQ+ I
fMifftýbin(LjRQ) - fMfzjin(LFRQ) / Njdy

END DO

aDO i ANG= 1, NANG
adg..bin(LANG) - adg bin(LANG) /NA.Y

END DO

aDOi DST=1,N DST
a dkm bin(LDST) -dim, bin(LDST) /NA..Y
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DO i DSP - 1.NDISIP
fM& disp(iDISP) - fMhzdisp(iDISP) IN..hr

D~HOUR-1 24

Nasmp - Ndyjir(iHOUR.)

IF (Nasmp LT. 0.5 ) CYCLE

DO i DISP -1, N DISP
ftbiHz hr disp(CHOURLiDISP)=fM4Hz-hr-disp(iHýOUR~iDISP)/IN-smp

END DO

Nynmp - N hr dy(i HOUR.)

IF (N~smp .LT. 0.5 ) CYCLE

DO iJTRQ - 0, N FRQ+ 1
R7hr .bin(LHOOUXLFRQ) fMHzhr-binQiHOURLFRQ) / Nynmp

IF (I.FRQ .GT. 0 .AND. MONTHLY flag) THEN
fHzhr binQLHOURLFRQ) - Si&hr bin(LHOURLiFRQ) -

+ fMvhz hr bin(i HOURLRQ- 1)
END IF

END DO

NDO i ANG= 1, NANG
adg..hrjinQLHOUPANG) - adghr bin(i HOURLiANG) -

K/ I Nsmp
END DO

DOi DST= 1,N DST
dkm-_hr binQ HOUR,i DST) =dkm~hrbin(LHOURLiDST) -

N N.smp,
" END DO

DOiMODE= 1,4

DOj MODE=- 1, 4

" Compute the PDFs for each bin, mode, and hour

Nmp -N mode hr dy(i MODE jMD 0_OR

IF (N~smp .LT. 0.5 ) CYCLE

N modehrdy(LMODEjMODEiHOUP-)=
N mode hr dy(i MODE jODELHOUR) IN~dy
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DO LJRQ - 1, NJFRQ
fM~b mode hr binQiMODE~i MODE,i HOUR~iFRQ)

1MH -mode hr bin(i MODEjMODE,iHOUR~iFRQ) -

END DO

DO iANG =1, NANG
adg oeýhrbi(iMODEjMODE ýHOURiANG)

adg~modeýhrbin(iMODEjMODE,i HOURPIANG) -

END DO

DOL DST- 1,N DST
dkxn-mode-hrbinm(LMODEjMODE,iHOUR,iDST)=-

dkin mode hr bin(i MODE jMODE,iHOURiDST)
/ Nsmp

1A END DO

'ACompute the staistics for each mode

SUM fMvHz - AVG_1MHz mode hr(i MODEJ MOELHOUR)
SDVfM~ -SDV1M~ mde rMODf _MODEk _HOUR)

AVG_1MHz- SUM Mhz / N~smp
AVGJMhz mode hrCý MODEJMOD,LHOUR) - AVGJMhz

IF (N smp .GT. 1.5) THJEN
SDV_1MM = N-fsmp * SDV2JMfHz - SUMTAH#Ji*2
IF (SDV fMhz T. 0.0) SDV WkM-z0.0
SDV HMHz -SQRT(SDV fM~t /(Nýsmp *(N~smp -1.0)))
SDVMHz mode hr(L MODEjMODELiHOUR) - SDV 0Mlz

END IF

SUM .adg =AVG.adjLmodcejhr(iYDEODEDE HOUR)
AVG~adg - SUK~adg / N~smp
AVG~adg..mode-hr(LmODEjyMODELHOIUR) = AVG~adg

SUM dkm =-AVG dkmn mode hrQY ODEJ MODE.iJIOUR)
AV6-dkm= SUM4-dkm- ý Namp

* AV~dkm..mode_ .(ILMODEjYD _HOUR) AVG dkm

END DO

END DO

END DO
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DOi MODE- 1,4

DOjy-ODE - 1, 4

Njsmp - N mode,,dy(i MODEjjvfODE)
IF (Ný_smp .LT. 0.5 ) CYCLE

N mode dyQ _MODE vi ODE)
N~mode~dy(iMODEjjvfODE) / NAdy

SUM fMAHz -AVG ffMHz mode(i MODEj MODE)
SDVi fM& - SDV_ fM~ modeL jMODEjMOE

AVG fMHZ - SUMJfMH / N-smp
AVG- MfMt mode(L MODEjMODE) - AVG 1Mfz

IFP(N~smp .GT. 1.5 )THEN
SDV M ovz - nsmp * SDV2 'fM&z - SUM fMHz**2
IF (SDV &fHz iT. 0.0) SDVIMflz - 0.0'
SDVjizin-SQRT( SDVM&Hz/ (N..smp *(N..Mp - 1 .0)))
SDV ftvf_modekiMODEJMODE) - SDVfMhz

ENDIF

SUMadg -AVq~adgmode(L MODEJMODE)
*AVGadg -SUM_adg / N~smp

AVG adgmode(i MOME jMODE) = AVG~adg

* sum dkm - AVG dkm )mode(iMODEJMODE)
AVG~dkm - SUifdkmý ý wNmp

U AVG~dkmmeMD~ _MODE) - AVG dkm

DO iFRQ -1, N RQ
fMihz mode bin(i MODEjMODZLFRQ)--

flrzmode bin(LMODEjM0DELFRQ) IN-smp
END DO

DO iANG= 1, N.ANG
U ~adg~mode bin(LiYODEjM0DE~LANG) -

EN D adg modebin(LMODEj_.M0DEFLANG) I Njsmp

* DOi DST-1,N..DST
U dkcm mode bin(LMODEjMODE.LDST)=-

U dkm~mode~bi(LMODEjYO0DELiYST) INsmp
* END DO
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END DO

END DO

" Exit if statistics are not being collected monthly.

" Output percentage of *good* hours in which a usable path was found.

IF (.NOT. MONTHLY-flag) RETURN

" Compute tenth, fiftieth, and ninetieth percentiles for the link MUF
" add results to the LNK file

DO iHOUR - 1, 24

TEST FLAG - .FALSE.
IF ( _HOUR .EQ. ]o .AND. iMONTH .EQ. 2) TESTFLAG = .TRUE.

DO iJRQ- 0, NFFRQ+I

DUM_2 - fMHzhrbin(iHOURiFRQ)
DUM f1 = AHzhr binQ(HOURN FRQ+1)

IF (DUM_ .GT. 0.0) THEN
fMbHzhr bin(iHOURiFRQ) = DUM2 / DUM_1

ELSE
fMIz hr binmHOURiFRQ) = 0.0

ED IF

f - fHziow + FLOAT( iFRQ- 1) * dfMHz + 0.5 *d&jMHz

END DO

P1O FLAG= .FALSE.
P507FLAG - .FALSE.

P90 FLAG = .FALSE.

DO LFRQ = 1, NFRQ-1

x2 = fMHz_hrbin(iHOURiFRQ+1)

IF (x2.GT. 0.10.AND..NOT. P10_FLAG)THEN

P10 FLAG = .TRUE.

x I f- Dzhr_bin(iHOURiFRQ)
yl = fMHzflow + (FLOAT( LFRQ - 1) + 0.5 )*d_fMHz
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y2 yl + djfM&
DUM)1 -x2 -xl

IF (DUM1 .NE. 0.0 ) THEN
m. MUF -(y2 - y ) /DUM)1
b..MIF -(yI * x2 -y2 * xI)/DLTJMI

TUM -2- -mMUF *0.10 + bMUF
ELSE

DIM_2 - 1M&z low + (FLOAT( LFRQ - 1) +0. 5)dfMhgz
END IF

IF (DUM-2.GE. M&z low ) THEN
MUFJ IOQ HOUR) - DUM-2

ELSE
MUFjOQLHOUR) = f1MHz low + 0. 5 *d_fMVHz

END IF

DUM_1 - ANG hrfrq(LHOUR~iFRQ,l1)

IF (DUM_1.GT. 0.0) THEN

DUM 2 -ANGhrfjrq(j HOUJRLFRQ,2)
ANG) 0(i HOUR) = DUM-2 / DUMJ1

ELSE

" Determnine average angle below current MLJF1O frequency

DUMJ1 0.0
DUM3 2 0.0
NONZEKO flag -. FALSE.
DO jFRQ ;; LJRQ-l, 1, -1

IF (NONZEROJflag) THEN
CYCLE

ELSE
DUMI - ANGjarý frq(L.HOURj~fRQ, 1)
IF (DUMl .NE. 0.0 ) THEN

NONZERO, flag =.IRUE.
DUM 2 -ANG~hrfrqQJi OUP~jRQ,2)

END IF
END IF

END DO

" Determine average angle above current MUF 10 frequency

DUM.3 - 0. 0
DUM..4 - 0.0

A-38



NONZERO flag - .FALSE.
DO jRQ ; ijRQ+I, NjRQ

IF (NONZERO-flag ) THEN
CYCLE

ELSE
DUM 3 ANG hrjrq(LHOUR~jfRQ, 1)
IF (ýUM_3 .NE. 0.0) THEN

NONZEROý flag =TRUE.
DUM 4 -ANqhrfrq(iHOURjFRQ,2)

END IF
END IF

END DO

DUM 5 DUM I + DUM 3
IF (DUM 5 NE.O.0)THEN

DUM6 C-DUM 2+ DUM 4
ANG I0i HOURm) - DuMT6 /DUMfi

ENDIF7

END IF

END IF

IF (x2 .GT. 0.50.AND. .NOT. P50_FLAG) THEN

P50_FLAG - .TRUEI.

xl = fM~zjhr bin(iHOUJRLFRQ)
yl =ffHz -ow +(FLOAT(LFRQ - ) +0.5) * dfMh

y2 - yl + dfMHz

DUM_1 -x2 -xlI

* IF (DUMIK_.NE. 0.0) THEN
m..MUF-(y2-yl )/DUIM -
b MUF -(yl * x2 - y2 * xl)I/ DUMJ1
DUM 2- =MUF *0.50 + bMUF

ELSE
DUM_2 =fMHz_low +(FLOAT(i FRQ - ) +0.5)*d fM&z

END IF

IF (DUM .2GE. fMh low ) THEN
MUFOj~iHOUR) = TDUM_2

ELSE
MUF_50(z HOUIR) = 5Mhz low + 0.5 *d-f~hz

END IF
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DUMJ1 - ANGjir-frqoiHOURU~RQ, 1)

IF (DUM1 .GT. 0.0 ) THiEN

DTJM 2 -ANG..hrj rq(iHOUR~iRQ,2)
ANG5O0HOUR.) - DUM-2 / DUM)1

ELSE

Determine average angle below current MUIF5O frequency

DUMI1 - 0.0
DUM-2 - 0.0
NONZERO flag - .FALSE.
DO jFRQ -Zj RQ-1, 1, -1

IF ( NONZERO-flag) THEN
CYCLE

ELSE
DUM I - ANGLirý frq(L HOURj FRQ, 1)
IF (DiMJ I.NE. 0.0) THEN

N4ONZEFRO -fla =.TRUJE.

DUM 2 -ANG~hr_frq(iHOIURjPRQ,2)
ENDIe

END IF
END DO

'Deterniine average angle above current MEUF50 fr-equency

DUM 3 - 0.0
DUM 4 - 0.0
NONZERO, flag -Y.ALSE.
DO LFRQ - JRQ+1, NJ RQ

IF ( NONZERO flag) THEN
CYCLE

ELSE
DUM_3 =ANGLir frq(LH.0UI~fRQ, 1)
IF (DUM 3 .NE. 0.0) THEN

NO0NZERO0Iflag = .TRUE.
DUM 4 -ANG~hrý frq(LHOURjj`RQ,2)

END IF
END IF

END DO

DUIM~ = DUMJ1 + DUM..3
IF ( DUM..5 .NE. 0. 0 ) THEN

DUM..6 -DUM-2 + DUM..4
ANqG50LO LTOR) - DUM-6 IDUM-5
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END IF

END F

ENDIF

IF (x2 .GT. 0.90 .AND. .NOT. P90 FLAG) THEN

P90-FLAG =.TRUIE.

xl - Mz-br-biDQLHOMRLFRQ)
yl - ft-zlow + (FLOAT( LFRQ - 1) + 0.5) d-fMft
y2 - yl + dfM&z

DUM I-x2.xl

IF (DUMl .NE. 0.0 ) THEN
m MUF-(y2.yl )/DUM -
b MUF=(yI *x2.y2*x1)/DUM I
DUM-2 = mMUOP 0.90 + b-MUF
LSE

DUM-2 - W&low +(FLOAT( LFRQ -1)+ 0. 5)*dfM&
END IF

IF (DtJM 2.GE. fMbzlow ) THEN
MUJF..90(i HOUR) - DUM..2

ELSE
MEWF 906 OR - fM&z low + 0.5 d M&lJi

END IF

DUM_1= ANGý hrrq(LHOURijFRQ, 1)

IF (DUAýl .GT. 0.0) THEN

DUM 2 =ANGbhrfrq(LHOURUiRQ,2)
ANQ_90QHOUR) - DUMJ2 / DUMJ1

ELSE

Deternmine average angle below current MEUF90 frequency

DUM I - 0.0
DUMi2 - 0.0
NONZEROQfag = .FALSE.
DOjJYRQ -iFRQ-l, 1, -1

IF (NONZEROJflag ) THEN
CYCLE
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ELSE
DUM_ I - ANG~ri_frq(iHOURj fRQ, 1)
IF (DUM_ .NE. 0.0) THEN

NONZERO-flag = TRUm.
DUM2 w ANG hrjfrq(HOURjFRQ,2)

ENDIF
END IF

END DO

"Determine average angle above current MUF90 frequency

DUM3 - 0.0
DUM4 - 0.0
NONZERO-flag = .FALSE.
DO j•RQ - iFRQ+ 1, NIRQ

IF ( NONZERO flag) THEN
CYCLE

ELSE
DLUM - ANQhrfrq(iLHOUR.jFRQ, 1)
IF (DUM3 .NE. 0.0 ) THEN

NONZEROflSag .TRUM.
DUM.4 = ANG hr frq(i HOURJFRQ,2)

ENDIF
END IF

ENDDO

DUM 5 = DUMI + DUM.3
IF (DUM5 .NE. 0.0 ) THEN

DUM6 - DUM.2 + DtM.4
ANG_90(iHOU.R) = DUM_6 / DUM_5

ENDIF

END IF

ENDIF

IF ( P.O FLAG .AND. P50 FLAG .AND. P90_FLAG) CYCLE

END DO

END DO

" Output results by appending to disk file
" OUTPUT MUF values exceeded 9001 of the time

IF ( iMONTH .EQ. 0) i MONTH = MONTH_I
WRTS8,700) 1.YEAR, LMONTH, (i, i = 0, 24)
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700 FORMAT(I2x, 12x, -10"!. NOT EXCEEDED (FOT), Ix, W4, Ix, i2, -

/2x, 6x, 25( Ix, i3, Ix ))

WRKITE(,702) TOT: I IMtJFIO(24), -

(MUF) 0(i HOUR),i HOUR= 1,24), -

'ANG: ',ANGJ1 0(24), -

(ANG1IO(i..HOUR),iHOUR= 1,24)
702 FORMAT( Ix, a6, 25f5.I /1x; a6,25f5.l )

OUTPUT MUF values exceeded 50%K of the time

WRrrE(8,704) ( i, i = 0, 24 )
704 FORMAT(2x, 12x, - 50% NOT EXCEEDED (N"F-, -

/2x, 6x, 25( Ix, B, lx))

WRITE(,702) 'MUF: -, MUF-5O(24), -
(MIUF5O(LHOUR),i HOUR=l ,24), -

'ANG: ', ANG-5O(24), -

(ANGL5O(i HOUR),LHOUR=1,24)

OUTPUT MUF values exceeded 10% of the time

WRITE(8,708) ( i, i = 0,24 )
708 FORMAT(2x, 12x; -90% NOT EXCEEDED (HPFY, -

/2x, 6x; 25( Ix, i3, Ix) )

WRrTE(,702) WHF: ', MUF 90(24), -

(MUF_90(LHOUR),LHOUR=l,24), -

'ANG: ',,ANG9O(24), -

(W 90(LHOUR.),iIIOUR=1,24)

adg~bin -0.0
adgjhr bin = 0.0
adg mode bin= 0.0
adg mode hr bin - 0.0
AVG..adgjnode hr = 0.0
AVQý_adgmode = 0.0
ANG~hr frqO- .0
dkm bin -0.0
dkmhr..bin - 0.0
dkm...mode bin = 0.0
dkm mode hr bin= 0.0
AVG dkm-mode hr-0. 0
AVG dkm mode = 0.0
fM~iz bin;; 0.0
fM~lzhr bin= 0.0
SiMýzmode bin -0.0
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Afflk modq~hrbin - 0.0
AVG RM1znmode hr - 0.0
SDV fMft mode hr - 0.0
AVG ft01z mode - 0.0
SD)Vj?_80k ode - 0.0
04HUZ hr disp - 0.0
fliUýzdisp -0.0

)_y-0.0
N hrjldy -0.0
N mode~.dy - 0.0
N..mode-hrdy -0.0

MUF 10 - 0.0
MJF750 - 0.0
MUF...90 - 0.0
ANGJO - 0.0
ANG75O - 0.0
ANC90 - 0.0

RETURN

END

Subroutine BEARING

Purpose: Compute the latitude, and longituide of two locations
in radians, the bearing angles from true north and
the Great Circle path distance.

SUBROUTINE BEARING( STATION name, COLATDG, LNGDG, Dsý_ki -

Asjd, azimukhjg, MONTHLYJflag)

REAL*4 LATjdg(2), LNG dg(2), JDs km, Asdg, azimuth~dg(2), -

SLAT(2), C )LAT(2), TJLA.T(2). S LNG(2), C LNG(2), -

TLýNG(2), Bdg(2), FLAG(2). SAONG(2), C..dLNG, DuM, -

COLAIýdg(2), Re..km, Rearth .km

CI{ARACTER*20 STATIONjiame(2)

LOGICAL* 1 MONTHLY flag

COMMON /MSC/ Re-km, Rearth..km

Define constants

pi -4.0 *ATAN( 1.0)
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rddg - 18$0.0 /Ipi

dgrd -pi / 180.0

Loop on each ionosonde station location

DOi.SITE - 1.2

LAT_!(LSITE) - 90.0 - COLA~jg(LSITE)

* S~~ELLAT(iSITE) - SIN( dgrd 0 LAIýdg(i..SIU))
C LAT(i SITE) - COS( dgrd *LAT~dg(i SITE))
TýLATj SITE) - TAN( dgrd *LAT..dg(i SITE) )

S.LNG(i SIT) - SIN( dgrd 0 LNGjdgQ..SITE) )
CL-NGQ LSITE) -COS( dgrd * LNGdS(L SITE) )
T LNGQ-SITE) - TAN( dgrd *LNG~dgj(SIE) )

END DO

C -dLNG - COS( dgrd *(LNG ýdg(l) -LNG~dg(2)))

S_4LNG(l) - SINJ( dgrd * ( LNG dg(2) - LNG~dg(l)))
S~dLNG(2) -SIN( dgrd * ( LNG dg(1) - LNG~dg(2) )

Path length in kilometers and Great Circle arc length

DUM = C .LAT(l) * Cý LAT(2) * C dLNG + S LAT(I) S SLAT(2)
Ds km -Rearth km * ACOS( DUM)
As-rd -Ds km I Rearth km

"Bearing angles from I to 2 and 2 to I measured clockwise from
true north

DO i SJTE - 1, 2

jLTE = 2

IF (iLSITE.EQ. 2 ) jSITE = I

PUM = C LATQ-SiTE) * T...LATLSITE) - S LAT(LSITE) * C-dLNG

B....d(LSITE) - rddg * ATAN2( S dLNGQ..SITE), DUM )

FLAG(i SITE) = SIGN( 1.0, S dLNG(iSITE)) SIGN( 1.0, B...g(i...$E))

IF ( FLAG(i SITE) .GT. 0.0) THEN
azimuthkdg(LSUIE) - Bjdg(LSITE)

ELSE
azimuth -dg(i SITE) = Bdg(LSITE) + 180.0

END IF
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IF (azimuth.dg(LSITE) ILT. 0.0 ) THEN
aziinuth~dgQ.SITE) - azimuthdg(i-SITE) + 360.0

END 7

END DO

WRITE(6,700)
WRrTE6,701)
WR1TE6,703) ( i, STATION name(i). COLA`7ýdg(i), LNG dg(i), i =1,2)

WRITE6,705) ( azimuth dg(i), i -1,2 ),-
2.0 0 Dskm, 2.0 * Ds-km / 1.609

WRrTE6.700)

IF ( MONTHLY flag ) THEN

WR.ITE(8,700)
WRITE(8.701)
WRITE(8,703) (,STATION_name(i), COLATjg(i), LNG..dg(i), -

iu1, 2)
WarJE8,705) ( azimuth dg(i), i -1, 2), -

2.0 * Ds~km, 2.0 * Ds-kni / 1.609
WRrME(,700)

ELSE

WRrrE(3,700)
WRITE(3,701)
WRflE(3,703) ( it STATION name(i), COLAT~dg(i), LNG dg(i), -

i = 1t2)
WRITE(3,705) (azimutjLdgCi), i -1, 2), -

2.0 *Ds km, 2.0 * Ds-km / 1.609
WPMrE(3,700)

END IF

700 F O RA( f '

701 FORMATQ' JONOSONDE STATION GEOGRAPHY)

703 FORMATQ' Site',t i2, 3x; a20,p -

/1 Ix,' CoLatitude: ',f6.i,' DEG', -
/IlIx,'East Longitude: ',f6.1,'DEG')

705 FORMATQ' Site I ->Site 2 Site 2->Site V',-
f Bearing angles: ',f6.1,' DEG ',5x~f6.1,' DEG',-
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r Link Great Circle path length: ',f7.2, KM', -

r or ',f7.2,' M')

RETURN

END
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A.32 UPLINK2FOR Source Program

VFREFORM
SLARGE

* ~Subroutine HFLINK

'Purpose: Process IONOSONDE data files from two stations following the
conventions established in UAG-23 and UAG-23A and determine
the optimum frequencies for all possible two-hop HF radio links
' with reflection points above each ionosonde.

SUBROUTIN HFLIK(i iDAY, a HOUR LINKJflag MONTIHLY flag )

Declare variable types and dimension arrys

*Declare arrays for IHF link calculations

REAL04 in MUF, b MUF, DUMI1, DUM-2. N-knhr. N-km
REAL*4 f8vf#z ow, 80# hgh, dkm,_ow, dkmjigh
REAL*4 Mthz hr disp, Aftilzdisp
REAL*4 adgjlow, adj~hgh, djMfHz, d-dkm
REAL*4 a Iimit. adg bin, adg hr _bin, adg mode bin
REAL*4 adg...modiqjArbin, AVG adgjnodeý hr, AVG~adi~mode
REAL*4 d limit, dkin bin, dkm hr bin, Akm mode bin

REAL4 &=mode hr Pin, AVG dkm modeshr, AVG dlcm-mode
REAL*4 f limit, ffMHz bin, HvlHz hr bif~hz mode bin
REAL*4 fl%4Hz mode hr bin, AVG RAHz mode, hr, AVG fMHz mode
REAL*4 SDV fMHz mode- hr, SDV fMAHzmoe N noLOS
REAL*4 Ndfy, Ný hrý dy, Ný mode dy, N mode..hr y, Njdy~hNr G
REAL*4 LAT dg(2),, LNG dg(2), Dsý km. azimuth dg(2), Rearth km
REAL*4 hv, km(4,4,2), fo..MWz4,4,2), Reý km, alfa rd2), MITFM~z(2)
REAL*4 f MUF vlWz4,4),, d.MUFý km(4,4,2), a_ MUF~dg(4,4)
REAL h LINKkin f LINK, MHZ a_ LINK_d& D~km, ANGLhrfrq
REAL*4 WTJ fcar, F2,_kn hFl_kin, hFjcm, hEs-km
REAL*4 K1, lk VALUE rkm(2), phird(2), T~jyd(2)
REAL*4 Wo2, Wx2, Wz2, M3000F2, hF2, hpf2, foFl, fkFl, -

M3000FI, hFl, hF, foE, foE2, hE, hE2, foEs, -

fxEs, fbEs, fEs, hEs, foFld5, fmin, M300010d, hfld5, -

foI, fri. fini 12000,1 L b=

PNTGER*4 i DAY iHOUR LDST, LFRQ, LMODE, i-SITE
INTEGER*4 NDST, N_ FRQ, N ANG
INTEGER*4 N bins, monthOLD
WNTGER*4 i YEAR, i MONTH

INTEGER*4 ONE, NDISP
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CHARACTERS5 L heading(3), MODE name( 1:4,1:4)
CHARACTER*2S LNK file
CHARACTER*25 DIST-heading

LOGICAL1 P10 FLAG, P50 FLAG, P90 FLAG, MONTHLY flag
LOGICAL I FAIL flag, MODE flag(4,4,2), NONZERO-flag
LOGICAL 1 JNTV, ITRN, Djflag, LINK-flag(4,4), GOOD-LINK
LOGICAL 1 TEST-FLAG

Define common blocks

COMMONIIONSNP/ foF2(2,31,24), M3000F2(2,31,24), hF2(2,31,24), -

foF 1 (2,31,24), M3000F 1(2,31,24), hF 1 (2,31,24),.-
hF(2,3 1,24), foE(2,3 1,24), -

hE(2,3 1,24), foEs(2,3 1,24), fbEs(2,3 1,24), -

fEs(2,3 1,24), hEs(2,3 1,24)

finin(2,3 1,24), &1c(2,3 1,24)

COMMON /MISC/ Re km., Rearth~km

COMMON /LIMIT/ fMiff#low, fMkzhgb, NjRQ, dkm, low, dkm hgh, NDST, -

ad&glow, adg hgh, NýANG, LNK file, d,_Mfz dfikm, -

dadg, As rd, Ds km

COMMON /ANGLFJ adg bin(0:6 1), -
adg..hr bin(1 :24,0:61), adg mode bin(l :4,1:4,0:61), -
adg modehrýbin(1 :4,1:4,1:24,0:61), -

* ~AVG adg mode h(1 :4,1:4,1:24), AVG~adg mode(1 :4,1:4), -

ANG hrjfrq(1:24,0:61,1:2)

COMMON /ANGLF/ ANG~hrfrq(1:24,0:61,1:2)

COMMON /RANGE/ dkm bin(0:6 1), -

dkm-hr bin(1:24,0:61), dkm mxode bin(1:4,1:4,0:61), -
* dkm mode hr bi(1 :4,1:4,1:24,0:61), -
* ~AVG dkm mode hr(1 :4,1:4,1:24), AVG-dkm mode(1 :4,1:4)

COMMON IFRQBNI fIimnit(: :12,1:2), 0&#f zbin(0:6 1), -
HMElz hr bin(1:24,0:61), tM&1zmode..bin(1 :4,1:4,0:61), -
ftvffft -mode hr bin(1:4,1:4,1:24,0:61), -

AVG tMhffhmode hr(1:4,1:4,1:24),-
SDV fMHz mode br(1 :4,1:4,1:24), -

AýVG fMHz mode(1:4,1:4), SDV fMHz mnode(1:4,1:4), -
fM~hhrjlisp(1 :24,1:12), fMH2Ldisp(: :12)
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COMMON ICOUNT/ N-dy, Njhý_dy(1 :24), N~mode-dy(1 :4,1:4), NýGOOD, -

N mode hr dy( 1:4,1:4,1:24), Ndy hr( 1:24), N~hr, -

N~noLOFS

DATA N DISP/1 2/

Compute constants

S_3000 -SIN( 3000.0I(2.0*Rearth-km)
C_3000 -COS( 3000.01(2.0ORearthkm))
pi -4.0 0 ATAN( 1.0)
rddg - 180.0 /pi
dgrd - pil/ 180.0

hy km = -1.0
fo M&z-1.0
fMUFMHz -1.0
aLINK~dg =0.0
a...MLJF..g - 0.0
dLIN kmO0.0
dMUF -kmO-.0

MODE, flag =.FALSE.
LINK..flag - .FALSE.

"DETERMINE REFLECTION HEIGHTS FOR EACH AVAILABLE MODE

DO iHOP=-1, 2

WTE6,*) L.YEAR, iMONT, iDAY, LHOUR, i HOP
WRflTE(6,*) 'foF2: ', foF2(LHOP iDAYi _HOUR)

]IF (foF2(i HOP,iDAY,,LHOU_) .GT. 0.0 ) THEN

IF (M3000F2(i HOP,iDAYLiHOUR_) .GT. 0.0 ) THEN
MUF far =M3000F2(LHOP,iDAY iHOUR)
M30&00F2(iHOP IDAY,iHOUR,) = -1.0
DUMI = MUIF Jctr / k-VLE 3000.0)
DUM-l SQRf(DUM..1 **2 -1)
hF2k&m=Rearth km *(TS3000 /DUM_1 + C3000 -1 .0)

ELSE IF (hF2(i HO0P,i...DAY_,LHOUR) .GT. 0.0 ) THEN
bF2_km = hF2(i HOPLiDAYLHOUP-)
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bF2(i HOP,i...DAY,iLHOUR)=--.0~
ELSE

hF2-kni 325.0
END V

DO jMODE - 1, 4

IF (aHOP .EQ. i )THEN
MODE,_fag(1ljMODE,l) - .TRUE.
fo MHz(1 jMODE, 1) - foF2(1 ,iDAYLHOUR.)

hykm( jMODE, 1) - kF2.km
END 7

IF (LHOP.EQ. 2) THEN
MODE ~_flgMODE,1,2) - .TRLIE

fMzj..MODEl 12) - fF2(2,iLDAY~i..HL)
hv-kmOiMODE, 1,2) - F2_km

ENDIF

END DO

foF2(iHOPiDAYiHOLIR) =-1.0

ELSE

DOj .MODE -1, 4

]IF (LHOP.EQ. I) THEN
MODEJ fag(l jODE, 1) .FALSE.

fq MHz(1jMOI,) = -1.0

hvkmý(IjMODE, I) = -1.0
END IF

IF(iHOP .EQ. 2) THEN
MODEý flag(LMODE, 1,2) -Y.ALSE.

fq MHz(jMODE,1,2) = -1.0
hykm6_MODE,1,2) - 1.0

END IF

END DO

END IF

WRITE(6,) foFI1: , foF I (iHOP, DAY, _HOUR)

IF (foFI(LHOP iDAY i_HOUR_) _GT. 0.0) THEN
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IF (M OOOFI(i HOPji DAYji HOUR) .GT. 0.0) THEN
MUF fctr-M3000FI(i HOP,i DAYJ HOUR)

30600FI(iHOP,i DAYjiHOUR) - T.0
DUM I - MUF fctr / kVALUJE( 3000.0)
DU41- S QRT( DUTM_ *2 -1I)
DUNC2 - S 3000 / DUMI- + C 3000 - 1.0
bFlk& - Reartbkm * (DUM_2)

ELSE IF (hFI(i HOP,i DAY,jHOUR) .GT. 0.0 ) THEN
hFl~km - hFI(jHOP,LDAY,LHOUR)
hF I(LHOP, LDAY, LHOUR) =- -1. 0

ELSE IF (hF(i HOPj DAYJi HOUR) .GT. 0.0 ) THEN
hF Ijkm - hFQHOifPjiDAY,iHOUPR)
hF(IHOPIDAYJ HOUR) = -1.0

ELSE
hF Ikm -200.0

END IF

DO jvODE -1, 4

IF ( LHOP .EQ. I )THEN
MODE flag(2jMODE, 1) =. TRUE.
fq MWz2jMOEI =oFI(1,i DAYi _HOUR.)

hvjcm(2jMODE, 1) = bF lkm
END1F

IF (i HOP .EQ. 2) THEN
MODE flag(LMODE,2,2) = .TRLI.
fo_ MHz(jMODE,2,2) = foF I(2,i DAYLiHOUR)
hvkýOMODE,2,2) = hFl-km

END IF

END DO

foFI(LHOP,LDAY,i..H0UR) = -1.0

ELSE

DOj MODE= =1,4

IF (i HOP .EQ. I) THEN
MODE flag(2jMODE, 1) = .FALSE.

foMWz2jMODE, 1) = -1.*0
hv-km(2jMODE,1I) =-1.0

END IF

IF ( jHOP.EQ.2 ) MEN
MODE flagoj_MODE,2,2) =.FALSE.
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fo MHz(j MODE 2,2) --1.0
hvjcinojM-ODE-,22) - -1.0

END67

END DO

END IF

WRXTE6,*)' foE: , fo(HPLALOR

VF ( foE(i HOPI DAY,L HOUR) .GT. 0.0 ) THEN

IF (hELiHOP,i DAYi ' HOUR) .GT. 0.0 ) THEN
hE km - E(iLHOP,L DAYLiHOUR)
hEQ-jHOP,i DAY,, HOUR) =-1.0

ELSE
hE km - 110.0

ENDTIF

DO jMdDE - 1, 4

IF(iHOP.EQ.I) THEN
MODEý flag(3j 1OE) =.TRUE.

fojvlHz3j MOEI) -foE(1,i DAYI HOUR)
hv..km(3jMODE. 1) - hE km

END IF

IF(iHOP .EQ. 2) THEN
MODEý flagaj MODE,3,2) m.TRUTE.

fojvM~z(jMODE,3,2) - foE(2,iDAYLiHOUR)
hy -km43_MODE,3,2) - hE km

END IF

* END DO

foE(i HOPLDAY iHOUR-) =-1.-0

ELSE

DOLjMODE =1, 4

IF(iHOP.EQ.1I) THEN
MODEý flag(3j MODE ,1) = .FALSE.

foMI(3jMODE, 1) -1.0
hvkmý(3jMODE, 1) - -1.0

END IF
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IF (i.HOP.EQ. 2) THEN
MODE,_AagojMODE,3,2) FYALSE.

fo MwzijMODE-,3,2) -- 1.0
hmjMODE,3,2) - .1.0

END DO

END F

WRYTE(6,"y foEs:', foEs(iHOP,i-DAY,i HO0'-

IF ( foEs(i HOP,i DAY,i HOUR) .GT. 0.0 ) THEN

IF (hEs(i HOP,I DAY,k HOUTR) .GT. 0.0 ) THEN
hF~skm -hEsQiHOPLiDAY.LHOUR)
hEs(_LHOP,LDAYLHOUR) - 1.0

ELSE
hEs km -120.0

ENDiF

DO jMODE = 1, 4

IF ( LHOP EQ. I) THEN
MODE flag(4j MODE,1) =-.TRUE.

fqMii(4j MO6DE, ) foEs(1,i DAYLHOUR)
hv km(4,jMODE, 1) -hEs km

ENDIF

IF (LHOP.EQ. 2) TEEN
MODEý flagoj MODE,4,2) = .TRUE.
fojk4HZGjODE,4,2) -foEs(2,iDAYLiHOUTR)
hvkmýOMODE,4,2) =hEs-km

OENF

END DO

foEs(LHOP iDAY i HOUR) - 1.0

ELSE

DO j.MODE =1, 4

IF (LHOP.EQ. I) THEN
MODEý flag(4jMODE, I) =.FALSE.

fo,_M~z(4jMODE, 1) = -1. 0
hv-ki(4jMODE,!1) - -1 .0
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END IF

IF (i HOP .EQ. 2) THEN
MODE jlg0jMODE,4,2) -. FALSE.

fo..MHz(jMODE,4,2) - -1.0
hvkmOMODE.4,2) - -1.0

END F

END DO,

END IF

WRIT(6,777)-fo _MHz(l1*,iHOP): ',(fo Mz(I ,i,i HOP),i= 1,4)
WRIT(6,777) IfojvHz(2,¶i _HOP): ',(fo MHz(2,i~iHOP),i1,4)
WRITE(6,777) 'fojvlM (3,,.i HOP: '(fo..MHZ(3,i,iHO)i14

W1UTE(6,777) 'fojvl&(4,*,iHOP): ',(fo..MHZ(4,i,i HOP),i=1,4)
WRITE(6,*)
WRITE(6,777) shy km(l,*,i HOP): ',(hv km(1 ,i4iHOP),iinl,4)
WRIUT6,777) 'hv k(2,,.i HOP): '(hvkm(2,iLiHOP),i-1,4)

WRITE(6,777) `hvkm3, HO):',hvkm(UL~iHOP),i1 4

WRrTE(6,777) 'h k(4,*,i HOP): ',(hv km(4,i,i HOP),i1 ,4)

WRITE(6,*) 'MODEJfIag(l,*i HOP): '(MODEJflag(l,iLiHOP),i=1 ,4)
WRMT(6,*) 'MODE -flag(2,*,i HOP): ',(MODEýflag(2,i,i HOP),i-1,4)
WIUTE(6,*) 'MODE flag(3,*,i HOP): ',(MODE flag(3,ii HOP),i-1 ,4)
WIUTE(6,*) 'MODE flag(4,*,i HOP): ',(MODE flag(4,iji HOP),i-1 ,4)
WIUTE(6,*)

END DO

777 FORMAT(lx~a20,4(f6. 1,lx))

"Exit if no two-hop propagation is possible.

K COUNT= 0
D_0i MODE =1, 4

DO0LjMODE = 1, 4
LRGC,_flag(L..MODEjMODE) = MODE~flag(LMODEjMODE, 1) -

.AND. MODEJflag(iMODEJ MODE,2)
IF ( LINKJfag(i.MODELMODE) ) KCOUNTi = K-COUNT + I
END DO

END DO

IF (KCOUNT.GT. 0.0) NGOOD=NGOOD + 1.0

WRITE6,*) LINK flag(1,) (IKfa(,)i 4
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"wRnTE(6,,) LNICflag(2,*): ',(LINKflag(2,i),i-I ,4)
"WRTE(6,*) •LINKflag(30,): ',(LINKflag(3,i),i-1,4)

"* WRI 6,*) LINKflag(4,*): ',(L1NKflag(4,i),i-=,4)
"WRITE(6,,)

"Determine the propagation range achieved for each reflection height.

_LINKMHz - 10ooo.o
MUF- MHz - -1.0
GOOD-LINK - .FALSE.

N-LOS -0

DO iMODE - 1, 4

DO j_MODE- 1, 4

"Drop out of loop if current two-hop mode does not have adequate data.

IF (.NOT. LINK flag(i MODEj jODE) ) CYCLE

NLOS - NLOS + 1

"Determine if overlapping radio LOS is achieved given the two virtual
"reflection heights.

rkm(1) = Rearth km + hvbkm(LMODEjMODE, 1)
al LOSrd = ACOS(Rearthkm / r km(1) )

rkm(2) = Rearthkm + hv km(iMODEjMODE,2)
a2_LOS.rd = ACOS( Rearth_km / r km(2) )

IF (aILOSrd + a2_LOS_rd.LT. As-rd) THEN
LIK_fabg( MODEj MODE) =.FALSE.

NLOS -=N LOS -1
ENE)IF

IF( .NOT. LINKflag(i MODEj_MODE) ) CYCLE

" Determine the ground reflection point where the angle of incidence is
" equal to the angle of reflection. This calculation requires root finding
" and employs a modified Newton's method.

a LOWrd = 0.0
IF ( a2 LOSrd .LT. Asrd) aLOW rd = Asrd - a2_LOS-rd

a HGH rd = al LOS.rd
IF (al LOS rd .GT. Asrd ) a HGH rd = Asrd
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theta rd -ROOT( aLOW_rd, a_HGH _rd, rkrn, As~rd, 1NW, ITRN)
IF ( NOT. INTV .OR..NOT. ITRN ) THEN

LD~INKag(i MODEjMODE) = FALSE.
END IF

VF (.NOT. LINK flag(i MODEjMODE) ) CYCLE

alfa rd(l) - 2.0 * thtard
alfa rd(2) -2.0O*As-rd- alfard(l)

GOOD LINK w.TRUTE.

DO iHOP - 1, 2

DUMJ1 SIN( alfa rd(iHOP) / 2.0)
DUM 2 -1 +h by km(i MODEjMODELiHOP) IRearth km-

-Cos( alfa rd(i HOP) / 2.0)

IF (DUM-2 LT. 1.0 )THEN

IF ( I .0e38 * DUM 2.GT. DUM I ) THEN
Phi-rd(L.HOP) = ATAN2( DUMJ_, DUM-2)

ELSE
phijd(iHOP) -piI/2.0

END IF

ELSE

Phi-rd(L.HOP) -ATAN2( D04_1, DIM 2)

END LF

TO-rd(LHOP) = ( pi - alfa rd(LHOP) ) / 2.0 - pbijrd(LHOP)

Compute the "secant corrected" factor k.

d_-GND -km = Rearth kam * alfa&rJiHOP)
IF (i HOP .EQ. 1) d, MUF km(i MODEjMODE~l) = dGND km

Kf = kVALUE( dGND~km )

"Compute the maximum usable frequency for the the current hop.

MUF_ MHz(i HOP) = Kf * foM&z(i-MODEjMODE i_HOP) -

/ COS( phijrd(i..HOP))

END DO
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IF (MUF MHz(I) .LT. 0.0 .OR. MUF MHZ(2) .LT. 0.0 ) CYCLE

"* T.wo-hop MUF is the minimumn of the MUFs of the two hops and the
"* twoo-hop TO angle is given by the corresponding value of niht.

* WRITE6,*)As dg: ', rddg*As rd, theta~dg: ,rddg*thetajrd
WRrME6,*)'alfaýdg(l):', rddg~alfa-rd(I), -

* 'alfadg(2): , rddg*alfajd(2)
* WRITE6,) 'phidg(l): *, rddg~ph~rd(I), -

I 'phiýdg(2): ', rddg~phijrd(2)
WR1TE(6,*) 'T~g(1): , rddg*TOjrd(1), -

'TO -dg(2): ', rddg*TOjrd(2)

IF ( MUF MHz(I) .LT. MUF MHz(2) ) THEN
f MUFM1zQ ODEjMO0DE) - MUF Hz( 1)
&,_UFdg(i MODE~jMODE) = rddg 0 TO-rd(I)

ELSE
fjvfUF MHzýiMODEJMODE) - M[UF MW2)
a MUF dg(i MODE~J MODE) - rddg * TO~rd(2)

END IF

*The overall MUF is the minimum of all the usable MUF values.

IF (f MUF MWzkiMODEj MODE) .LT. f LINK MHz) THEN
f LINK_Mffz - f MUF-M~zQMODEjMODE)
aLINK-cdg - aMUF~dgQMODEjMODE)
d LINK km = d MJF km(LMODE~jMO0DE,1)

ENDIF

END DO

END DO

IF (f LINKM&z.GT. 1000.0) GOOD-LINK -. FALSE.

* WRrTE(6,*)
WRrTE6,*) 'GOODLINK: ', GOODLINK
W.RITE(6,777) f MUF Mwl(j): ',(fMUFMHz(1j)j1l,4)

WRITE6,777) TfMUFMWz2,j): ,(fMUFMWz2j)j=1,4)

WRITE(6,777) Tf MUFMHz(3j): ',(fMLJF MWz3ijlj,4)
WRITE6,777) TfMUFMHz(4j): ', (LMLJFMhHz(4j)j=I,4)

* WRITE6,*) TLI-NKMH: ', f LNKMliz

"* INCREMENT THE APPROPRIATE NUMBER DENSITY BINS.

" Exit if no link was possible.
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IF (NOT GOOD LINK ) THEN
IF (N LOS .LE. 0) N noLOS - N-noLOS + 1.0

f LNKM&Hz - 0.0
RETURN

ENDIF

" Total number of hours with usable data, the frequencies, angles, and

" distances.

"NGOOD - NGOOD + 1.0

Njdy- Ndy + 1.0

CALL BINS_0( f LINK MHz, fMHz_low, fMHz_hgh, fMI-Iz bin, NFRQ)
" CALL BINS_0( aLiNK,_d adg low, adg..gh, adgbin, N_ANG)
" CALL BINS_0( dLINKkm, dkm_low, dkmhgh, dkmbin, NýDST)

" Increment the number of days for which data is available in the current

" hour.

N hr dy(iHOUR) = NjIhr-dy(LHOUR) + 1.0

CALL BINS.1( i HOUR, f LINK MHZ, AfMfzow, fIHz hgh, 24, -
flMHzhrbin, N FRQ)

" CALL BINS I( iHOUR, a LINK,_d& adg_low, adghgh, 24, -

Sadg_4j bin. NANG)
"CALL BINS I( iHOUR, d LINK km, dkm.low, dkm hgh, 24, -

"N dkmhr bin, NDST )

"Increment the number of days for which data is available in the current
"hour for each available two-hop propagation mode.

DOi MODE= 1,4

DO jMODE = 1, 4

IF (.NOT. LINK flag(iMODEjMODE)) CYCLE

Nmcde.dy(LMODEjMODE) = Nmode dy(_MODEj_MODE) + 1.0
N_modehr.dy(i MODEjMODE,LHOUR) = -

N_mode_hr.dy(LMODEj_MODEi_HOUR) + 1.0

AVG fMHz mode hr(iMODEj MODE, HOUR) = -
AVG fMHz modejhr(LMODEjMODEi'HOUR) + f LINK_MHz
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DUM m LLINKJA * f LINK-M&
SDVzmodhr MODEjMODEiHOURL) -

SFDVjDahtn-odejar(LMODEjMODE,i.YOUR) + DUM

* IF (i MODE SEQ. 1 .AND.JYODE .EQ. 1 .AND. iHOUR .EQ. 1 )THEN
I*iWRIT6, ) LMODE jMODE, k HOUR, f LINK-M&
WRIE6,*) AVO: 1, AVG RMh -modejihr(iLMODEjMODEjiHOUR)
VAWUTE6,*) SDV:', SDVfMh modebhr(L MODE.jMODE,i HOUP.)

* ENDIF

AVG aft mode _hr(i MODE jMODELiHOUR)

UAvGi~adg-mode-hr(LmODEj-MODE.,LHOUR-) + a-LINKdg9
AVG dkm mode _hr(i MODEjMODE~LHOUR) M.-

ACVG dkM mode hr(i MODEj MODE~LHOUR) + d LINK-km

AVG fMAHz node(i MODEjMODE) - .
AVG ftvfHzmodeL MODEjMODE) + f LINK MHZ

SDVfMA&zmode(LMODEj MODE) = -
SDV fMHz Mode(i MODEjMODE) + DUM

AVG aft modert M~ODE. MDE
AVG adg mode(i MODEJ MODE) + a LINj~g

UAVG dkm modc(LMODE&jMODE) = -
AViGd&mmode~iMOMODEODE +d dLMkm

CALL BINS 2( iMODE, jMODE, f MUF M~zQ MODEjMODE),-
bfiiz;_ow, fM# hgh, 4,4 &fMtzm" .bin, -

N FRQ)
* CALL BINS 2(ý MODE, jMODE, a MUF dg( MODEjyD) -

Uadg low, adg hgh, 4, 4. adg mode..bin, NýANG )
* CALL BINS 2( LMODE, jMODE, d MUFý km(MOMODEODE 1). -

M lmý_low, dkmý hgh, 44, dkm mode bin, N.DST )

CALL BINS 3(LiMODE, jMODE, iHOUR, f MUF MHzQ_ MODE.JMODE), -

SiMTz low, fMlz hgh, 4,4,24,6a fMzo-de hr 'bin, -

NFRQ )
* CALL BINS 3( 1 MODE, jMODE iHOUR a MLTF g(iMODEjMODE), -
U adgjlowy, adg hgh, 4,4,24, adgmodcjýrbin, -

U~ NANG)
CALL BiNS 3( LMODE, jMODE, LHOUR, dMUJF...m(LMODELMODE, 1), -

U dkm~lo dkmý hgh, 4, 4, 24, dkm-mode-h b in,-
N..DST)

END DO

END DO

DOiDISP - 1, N.DISP

A-60



IF (f LjINK M~z.OT. f limit(iDISP, 1) -
.AND. f LINK Miz .LE. f limit(i DISP,2) ) THEN

OMHz...hr..isp(LHO0URj DISP) - W&jirfiisp(LHOURLiDISP) + 1.0

fM&zdisp(iLDISP) -f izdisp(i.DISP) + 1 .0

END IF

END DO

"Update ft quency-conditional take-off angle mean bins.

LiRQ - INT( ( f LINKM&z - fMiffz low )Id ffvfiz ) + I

IF (LfLINK,_M&z E. fMhzlow) THEN

ANQ..hrjfrq(_HOUR,0, I) - ANG_hrj rq(ijiOUR,0, 1) + 1.0
ANG hr rq(iHOUR,0,2) - ANQjirjrq(iJIOUR,0,2) + a LINK-dg

ELSE IF (f LINKM&z.GT. Affiz hgh ) THEN

ANG hr frqQiHOURNFRQ+1 1)-ANGhr-frq(i HOURNFRQ+i,1) -

+1.0
ANG hr frq(LHOURNFRQ+ 1,2) - ANGar firq(LHOLJRNRQ+ 1,2) -

+ a LINK-dg

ELSE

AINGjzrj rq(LHOURLFR.Q,1) - AN(ý hrj rq(L.HOURLFRQ, 1) +1.-0
ANG hrjfrq(iJIU~ FRQ,2) = ANGLir.frq(i HOURLiFRQ,2) + a LINKý.dg

END IF

RETURN

END

SUBROUTINE k-VALUE

Purpose: To compute the 'secant-corrected' effect of a curved ionosphere

REAL*4 FUNCTION k _VALUE( D)
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REAL*4 D. D azmp(17), k~snp(17). mnk, b..k

DATA D unmp/0.0,23 1.9,318.8,376.8,492.8,608.7,782.6,985.5,1246.4,-
2800.O,3014.5,3205.8,3373.9,3536.2,3687.0,3884.1,
4000.0/

1.1772,1.1871/

1IF (D .LT. Dý_mp(l) )THEN
1kVALUE - kynmp(l)
RETURN

END IF

IF (D .GE.DI)smp(1 7) )THEN
1kVALUE - kynsp(1 7)
RETURN

END IF

DO k -2,17

IF (D _smp(k-I) .LE. D .AND. D .LT. D~smp(k) ) THEN

DUM I -D~smp(k) - D~snp(k- 1)
mnýk ;(k1smp(k) - kynsp(k-1) ) / DUM I
b k - ( k mp(k- 1) * D~smp(k) - k _smpA) *D smp(k- 1) )/DUM_1
kVALUE-m k*D+b-k
RETURN

ENDIEF

END DO

RETURN

END

SUBROUTINE binFIO

"Purpose: Incrment density function bin corresponding to input value

SUBROUTINE BINS 0( Vr, Vrjlow, yrý hgh, bin 0, N bins)
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REAL$4 bin .0(:61)
REAL04 Vr, Vt low, Vr _hgh, dVr
INTEER*4 N bins

LOGICAV 1 Bjflag

IF (Vt .LE. Vr low ) THEN
bizk_0(0) - bnp0(0) + 1.0

ELSE IF (Vr .GT. Vrhgh )TMEN
bin 0O(N bins+1) - ban 0(N ins+l) + 1.0

ELSE
ibin- I
Bflagf -. ALSE.
d VT - ( Vt .hgh - Vt low ) / FLOAT( N..bins)

DO-WHUILE(ibin .LE. N bins .AND. .NOT. B flag)
Vr min -Vr low + (;-bin - I )*dVr

Vr max -Vr mmn+ d Vt-
IF ( Vr .GT. y~r-min .AND. Vr LE. Vt max) THEN

bin 0L bin) - bin 0(i bin) + 1.0
B flag -. TRUE.

END IF
i bin= i bin+ i

E14NDO
END IF

RETURN

END

SUBROUTINE binFILI'

* "Purpose: Increment density function bin corresponding to input value

SUBROUTINE BINS_1( i_1, Vt, Yrlow, Vzr hgh, Nij bini1, N-bins)

REAL*4 bin 1(1:24,0:61)
REAL*4 Vr, Vt low, Vtý hgh, d Vr
INThGER*4 N-bins, ii1 NI

LOGICAL*I B flag

IF (Vr LE. Yr low) THEN
bin 1(il1,0) - bin l(ji,0) + 1.0

ELSE IF (Vr.GT. Vrjihgh) THEN
bin 1(iI,N bins+l) -bin l(i_1,N bins+1) + 1 .0
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ELSE
ibin- I
jiag -. FALSE.
dyVr - ( Vr _hgh - Vrjow ) / FLOAT( N..bins)

DO WHILE ( L-bin1.E. N bins .AND. .NOT. Bjlag)
Vr minumVr low+(ibin- )*d Vr

Vrmax -Vr Inin + dVr
IF ( Vr .GT. yr-min.AND. Vr .LE. yr-max ) THEN

bin - (ilj-ibin) - bin I(ij,i bin) + 1 .0
B flag =.TRUE.

ENDIF
ibin-i bin+l1

ENDM DO
END IF

RETURN

END

SUBROUTINE binFIL2

Purpose: Increment density function bin corresponding to input value

SUBROUTINE BINS 2( ii, i-2, Vr, Vr low, Vrjihgh, NI, N 2, -
bin_2, N bins)

REAL*4 bin 2(1:4,1:4,0:61)
REAL*4 Vr, Vrjlow, Vr_hgh, d Vr
INTECE*4 N bins, i_1, L2 N_1, N 2

LOGICAL* 1 Bý_ft~

IF (Vr.LE. Vr-low) THEN
bin_2(ilj-i.210) = bin 2(I ,i2,0) + 1 .0

ELSE IF (Vr .GT. Vr hgh) THEN
bin_2(i_1,i_2,N bins+l) =bin 2(ijIL2,N bins+I) + 1.0

ESE
ibin- I

BKjfag = FALSE.
dVr (Vrhgho - yr loyw) I FLOAT( N bins)

DO WHILE (i-bin JLE. N bins .AND. .NOT. B_flag)
Vr min = Vrlow + ( Lbin -)I dVr

Vr max me Vrmin + d Vr
IF(VrM.GT.r min.AKND.Vr.LE.Vr...max)TJHEN

bin 2(i 1,i 2,i bin) = bin 2(i 1,i-2,i bin) + 1.0
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B-flag - rRUE.
END IF
ibinu-i bin+,

END IF

RETURN

END

* SUBROUTINE binFIL3

Purpose: Increment density function bin corresponding to input value

SUBROUTINE BINS 3( ii1, i-2, i-3, Vr, Vr low, Vr _hgh, Nil, N..2, -

N_3, bin 3, N-bins )

REAL*4 bin..3(1 :4,1:4,1:24,0:61)
REAL*4 Vr, Vr lIow, Vr _hgh, dVr
INTEGER'4 N bins, i- 112,13, NI, N 2 N_3

LOGICAV 1 B flag

IF ( Vr I.LE. Vr low ) THEN
bin 3ý(ij_1,2,i-3 0) -bin3 (1l,i-2,i3,0) + 1.0

ELSE IF (Vr .GT. Vrhgo) THEN
bin_3(i_1,12,1_3,N-bins+1) - bin 3(1 1,i-2,13,N~bins+I) + 1.0

ELSE
i bin=l
Bflag = .FALSE.

*~ dVr =(Vr hgh - Vr low ) / FLOAT( N bins)
DO WHILE ( ibin .LE. N bins.AND. .NOT. Bfl ag)

Vr -min =Vr low+ ( ibin -I)d-Vr g

Yr max -Vr mun+ dYr
IF (Yr .GT. Yr min.AKND. Yr .LE. Yr max) THEN

bin 3(1 1,i2,1 3,i-bin) = bin_3(i 1,i-2,i3,i bin) + 1.0
B_flag = .TRUE.

END IF
i-bin =i -bin+I

END DO
END IF

RETURN

A-65



END

SUBROUTINE PARMBN2

Purpose: Enter parameter values from UAG-23.NEW formatted files into
appropriate arrays holding all hourly values for a given month.

SUBROUTINE PARMBN2( i SITE, i-DAY, i-HOUR, i CODE, P...alue, Q~char, -

REAL*4 P value
INTEGER*4 i SITE, iDAY, iHOUR, iCODE
CHARACTER* I Q~char, D-char

REAL*4 foF2, fxF2, fzF2, M3000F2, hF2, hpf2, foF I, fxF 1,-
M3000F1, bFl, hF, foE, foE2, hE, hE2, foEs,-
fxEs, fbEs, fEs, bEs, foFld5, finin, M3000Fld5, hfld5,-
fol, &Il, ftIl, 12000, 11, b=x

CHARACTER."' QfoF2, QfxF2, QfzF2, QM3000F2, QhF2, Qhpf2, QfoFl, QfxFl,-
* QM3000F I, QbF I, QhF, QfoE, QfoE2, QhE, Q1IE2, QfoEs,-

QfxcEs, QfbEs, QfEs, QbEs, QfoFld5, Qfmin, QM3000Fld5,-
* ~Qhfld5, QfoI, QWx, QfimI, Q12000, QI, Qbxxxi

* CHARACTER1 DfoF2, DfkF2, DfzF2, DM3000F2, DhF2, Dhpf2,DfoF, DfkF 1,-
* ~DM3000FI, DhFl, DhF, MfE, DfE2, DhE, DhE2, DfoEs,-

DfxEs, DfbEs, DfEs, DhEs, DfoFld5, Dfmin, DM3000Fld5,-
Dbfld5, DMI, Dftl, fnIl, DI2000, DL, Dlxx

" Define common blocks

COMMON/ONSNP/ foF2(2,3 1,24), M300OF2(2,3 1,24), hF2(2,3 1,24), -

foF 1(2,31,24), M3000FI!(2,31,24), bF 1(2,31,24), -

bF(2,3 124), foE(2,31,24), -

hE(2.,3 1,24), foEs(2,3 1,24), fbEs(2,3 1,24), -

M4s2,3 1,24), hEs(2,3 1,24)

fmin(2,3 1,24), ft.1(2,3 1,24)

EF (iCODE.EQ. ) )THEN
foF2k..rMELDAY,,LHOUR) -P value

* QftnITEMLDAYLjHOIJR) - Qýchar
DfbF2(i SITE,i DAY,iHOUR) - D-char

END 7
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IF ( CODE .EQ. 2 ) THEN
fxcF2(i SITE jDAY~iHOUR)= P value
QfxF2(LSITE~iDAYfijiVJR) -Q~char

*DfxF2(iSIT,i-DAY,iHcUR) -D~char
* ENDIF

IF(i CODE.-EQ. 3 )THEN
fz2_(i SITE,LDAY,i HOUR)= P value

* U QfzF2(LSITE,i DAY,i HOUR) -Q~cha
DfzF2(LSITE,i DAY,i HOUR)= D~char

END IF

IF(iCODE.EQ. 4) THEN
M3000F2(LSITEIDAYLiHOUR) - P value
QM300MF2QUMELDAY.L HOUR) -Qchar
DM3 000F2(i SITE,i DAYj _HOUR) - D-char

END IF

IF (i CODE .EQ. 5) THEN
bF2(LSrrE,kDAYi HOUR) -P value
QhIF2QSITEFiDAY.LHOUR) -= Qchar
DhF2(iSITELiDAY,,HOU-R) = Dfiuar

END IF

IF (LCODE .EQ. 6) THEN
hpF2(i SITE iDAY,i HOUR) -P -value
QhpF2(iSITE,A DAY,i HOUR) = Q~char
DhpF2(iSITE iDAY,i HOUR) - D-char

EMDIF

IF(i CODE EQ. 7) THEN
foF I (iSITELiDAYLiHOUR) -P value
QfoFlI(iSITE iDAY.i HOUR) = Q~char
DfoF I iSITE, _DAYiHOUR) -D-char

END IF

IF (CODE EQ. 8) THEN
fkcFl(L SITE,i DAY iHOUR)-P value
QfxcFlI(LS1TE.LDAYk.iHOUR) -Q..char
DfxIF I1(L SITE LDAY, _HOUR) -D-char

* END IF

7F(i CODE .EQ. 9) THEN
M3000OF I CaSMTLiDAYLiHOUR) -P value
QM3OOOFI(LSITELiDAY.LHOUR_) = Q char
DM3OOOF1(iSnITELDAY,i.HOUR) - D~char
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-ENDIF

7 (LCODE.EQ. 10) THEN
bF I(i SUTEL DAY,L HOUR) - P value
QbF I(LSITEi DAY,i HOUR) - Q~char
DhFl(LSITE,i DAY,L HOUR) -D.char

END IF

IF (iCODE .EQ. I I ) TON
hF(LSITE,i.DAY,LHOUR) - P value
QhF(LSITE.,iDAY,i HOUR) -7 Qchar
DhF(iyTE-i DAY,i HOUR) - D-char

ENDIF

IF (iCODE .EQ. 12) THEN
foE(LSITE,LDAYLiHOUR) - P value
QfoEQLSITE,i DAY.i HOUR) - Q~char
DfoE(i-SITE~i_DAYiHOUR) -D-cbar

END IF

IF (LCODE.EQ. 13 )THEN
fOE2(LSITEiLDAYiLHOUPR) -P -value
QfoE2(iSITE,L DAYL1HOUR) - (Lchar
DfoE.2(LSITE,L DAY,i HOUR) = D-char

END IF

IF(L CODE .EQ. 14) THEN
bE(LSITE,i DAY,i HOUR) = P value

a QhELSITELiDAY.i HOUR) - Qchar
DbE(i SITEPIDAY iHOUR) = D-char

END IF

IF (LCODE.EQ. 15 )THEN
a E2(i SITE IDAY iHOUR) = P -value

* QhE.2QLsITE,LDAYLiHOUR) = Q~char
DhE2(iSITE IDAY 1_HOUR) = Dchar

END IF

IF (iCODE .EQ. 16) THEN
foEs(iSITE.iDAY 1_HOUR) - P..value

aQfoEs(LSITELiDAY,iHOUR) = Qchar
a moEs(LSITELDAY,LHOUR-) -D-char
ENDIF

IF(LCODE.EQ. 17) THEN
a f ýaSITE,LDAY,LHOUR) -P -value
a Qfxw~sniSiTDAYL HOUR) -Q~char
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DNxEs(iSITE,iDPAYLiHOUR) D-Dchar
* ENDIF

IF (i CODE .EQ. 18) THEN
H ~fbEs(i..SITFLDAY,L HOUR) -P value

QfbEs(LSITE,i DAYL HOUR) - Q~char
'9DfbEs(i -SITE,iLDAYL HOUR) - D~char

END IF

* IF (LCODE.EQ. 19) THEN
fEs(i.SIE, LDAYI HOUR) - P value
QfEs(i SIT,i DAY,I HOUR) Q;ýchar

* m DfEs.i SIE iDAYLiHOUR) -D-char
END IF

IF (iCODE.EQ. 20) THEN
hES(LSrTLDAYiLHOUR) - P value
QhEs(i SITE,LDAYLiHOUR) - Qchar
DhEsQLSITELDAYLiHOUR) - D-char

END IF

VF( LCODE.EQ. 21 )THEN
* ~foFld5(iSITE,iDAY,iHOUR) =P value
H ~QfoFld5(LSITEIDAYLiHOUR)=Qca

DfoFld5(i SfTEiDAY iHOUR) - D-char
* END IF

IF(L-CODE EQ. 22)THEN
*fmnin(i..SIE,i DAY,i HOUR) - P -value
H ~Qfmiin(LsnTELiDAY.i HOUR) - Q char

Dfinin(i, SITE.i DAY iHOUR) = D-char
H END IF

* HIF ( CODE SQ. 23 )THEN
H M3000OF~d5(i SITELiDAY LHOUR)-P value
H ~QM3000F~d5(L SITE _DAY iHOUR) = Q~char

DM3000F~d5(i SITELiDAYLHOUR) = D-char
END IF

IF (iCODE.EQ. 24) THEN
U ~hF ld5Q SrTELDAY iHOUR)-=P value

QhF IdSQSIfE~LDAYLHOUR) - Q~char
U ~DbFld5(iSITE _DAYLHOUR) = D-char

ENDIF

IF(LCODE.EQ. 25) THEN
U foI(LSfTEikDAY,iHOUR) - P value
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Qfol(LSITE,i DAYiLHOUR) - Q~char
DfoI(LSITE,i7DAY~iHOUR) = D-char

END IF

IF (i_.CODE.EQ. 26) THEN
fkl(LSITELiDAY,i HOUR) - P value
QfxI(iSITE,i DAYJLHOUR) - Q~char
Dfxi(LsITE,i..PAY, LHOUR) - D-char

* ~ENDIF

IF(LCODE.EQ. 27 )THEN
U fmI(iSITE,i DAY i HOUR) - P value
a QfmI(i SITELDAY,i HOUR) - Q~char
a ~DfknI(iSITE, i DAYJi HOUR) - D~char
* END IF

aIF ( CODE.EQ. 29) THEN
I2OOO(LSITE~iDAY,LHOUR) - P value

a Q12000(LSITE,i DAYLiHOUTR) - Q-char
DI2000Q SITE iDAY iHOUR) - D-char

a IF (LCODE.EQ. 29) THEN
ll(i SITE iDAY,i HOUR) -P value

a QI(iSIT,LDAYLiHOUR) = &Qchar
a DI(i.S1T-j DAY,J HOUR) - D-char
a END IF

a~ 1(LCODE EQ. 30) THEN
bcx(iSITE,iDAY,i HOUR) =P value

a Qlxx(LSITEJiDAY 1_.HOUR) =Q~char
a ~Dlxxx(LSITE.iDAY iHOUR) =1)_char

RETURN

a Function ROOT

*Purpose: Compute the minimum value of Qmin given the funictions
a rO and dPrOdt. and Function PrMAX~ which finds the
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"U maximum value of PrO given Q and the time at which

"this maximum occurs, i.e., tMAX

REAL*4 FUNCTION ROOT( aLOW rd, aHGH rd, r-km, Asrd, INTV, ITRN)

REAL*4 theta-diff, rkm(2)

LOGICAL* I INTV, ITRN, D-flag

PARAMETER( ITMAX = 100, EPS = 3.0e-8)

ROOT-ERR - 0.00001
INTV= .TRUE.
ITRN m.TRUE.
Djflag - .FALSE.

Aa LOWrd
FA - theta diff( A, a LOW rd, aHGHrd, rkm, Asrd)

Bi=a_HGHrd
FB = theta diff( B, aLOW rd, a HGH-rd, r_km, As-rd)

IF (FB * FA.GT. 0.0) THEN

INTV = .FALSE.

IF (FA .LT. 0.0.AND. FB IT. 0.0) THEN
ROOT - a_LOW rd
RETURN

ENDIF

IF (FA .GT. 0.0 .AND. FB.GT. 0.0) ROOT a HGHrd

RETURN

ENDIF

FC =FB

DO ITER - 1, ITMAX

IF (FB * FC.GT. 0.0) THEN

C-A
FC - FA

D=BE-A
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E-D

ENDIF

IF ( ABS(FC ).LT. ABS(FB ))THEN

A-B
B=C
C-A

FA - FB
FB -FC
FC = FA

ENDIF

TOLl =2.0 * EPS * ABS(B) + 0.3 *ROOT-ERR

XM=0.5* (C-B)

IF (ABS(XM) J.E. TOLl .OR- FB EQ. 0.0) THEN

IF (B .LT. a_LOW rd + ROOT-ERR) THEN
ROOT = aLOW rd

ELSE
ROOT = B

ENDIF

RETURN

ENDIF

IF (ABS( E) .GE. TOLl AND. ABS( FA) .GT. ABS( FB )) THEN

S=FB/FA

IF (A EQ. C) THEN
P=2.0*XM* S
Q=1.0-S

ELSE
Q=FA/FC
R-FB/FC
P - S * (2.0* XM* Q* (Q-PR)-
-(B-A)*(R- 1.0))

Q=(Q- 1.0)* (R- 1.0)* (S- 1.0)

ENDIF
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lF(P.GT.0.0) Q -- Q

P -ABS(P)

Y -MIN(3.O *XM *Q -ABS(TOL I Q), ABS(E Q))
IF(2.0*P.IT. Y) THEN

E-D
D-P/Q

ELSE
* D-XM

E-D
ENDIF

ELSE

D-XM
E-D

EMDIF

A-B
FA=-FB

IF(ABS(D).GT. TOL) )THEN
B=B+D

ELSE
B -B +SIGN(TOLI, XM)

ENDIF

FB -theta ~diff( B, a LOW'_d, maHGH~rd, rAin Ard)

END DO

* 1TIMN = .ALSE.
ROOT =B

RETURN

END

REAJP4 FUNCTION theta..iff( ajrd, aLOWrd, aHGHIrd, rkm, Ard)

RA.L*4 DUM, rkmý(2), A;_rd, Reý.kin, aýkin, theta rd(2), alfa~rd(2)
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REAL$4 Reanb-km

INTGER*4 i HOP

COMMQON /MSC/ Re km, Rearth-km

alfiard(1) - ard
alfajd(2) - As rd - ajrd

DO L HOP -m 1, 2

DLJM - r km(L HOP)**2 + Rearth-km**2
DUM - 15UMh - 2.0 * r km(i HOP) *Rearth km COS( alfarjd(iHOP))

a-ki - SQRT( DUM)

DUM - r kin(i HOP)**2 - a km**2 - Reartb kin*2
DDUMUM- (2.0O*Rearthkin* a-kin)

IF (DUM.-GT. 1.0) DUM-; 1.0
IF (DUM.XT. -1.0) DUM - -1.0
theta rd(i HOP) - ASIN( DUM)

END DO

theta diff thetaý rd(l) - thetak rd(2)

RETURN
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APPENDIX B

MEASUREMENT-PREDICTION COMPARISON OF EMPIRICAL
FREQUENCY AVAILABILITY VALUES

This appendix contains comparison of empirically-derived frequency availability on trans-polar
two-hop HF radio links with ASAPS and IONCAP predictions. The empirical data was derived from
UAG-23-formatted ionosonde data measured at Dikson, Cape Schmidt, and Loparskaya in Russia and
Resolute Bay in Canada in 1991. The 1991 year corresponded to mid-range sunspot numbers from 133
to 172. The following table provides a description of the plots as well as an index to locate specific

TABLE B.1 INDEX TO FREQUENCY AVAILABILITY PLOTS

FOT MUF HPF

LINK RANGE MONTH PAGE MONTH PAGE MONTH PAGE
JAN B-3 JAN B-4 JAN B-5

DIKSON TO FEB B-6 FEB B-7 FEB B-8
RESOLUTE 7100 KM MAR B-9 MAR B-10 MAR B-1I

BAY APR B-12 APR B-13 APR B-14
MAY B-15 MAY B-16 MAY B-17
JUN B-18 JUN B-19 JUN B-20

CAPE MAR B-22 MAR B-23 MAR B-24
SCHMIDT 9100 KM JUL B-25 JUL B-26 JUL B-27

TO SEP B-28 SEP B-29 SEP B-30
LOPARSKAYA DEC B-31 DEC B-32 DEC B-33
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TABLE 13.2 INDEX TO FREQUENCY AVAILABILITY PLOTS

LIN RANGE MON TH PA GE MONTH PAGE MONTH PAG

TSE B-8 SEP B-29 SEP B-30
LOPARSKAYA DEC B-31 DEC B-32 DEC B-33
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TABLE B.3 INDEX TO FREQUENCY AVAILABILITY PLOTS

FOT MUF HPF

LINK RANGE MONTH PAGE MONTH PAGE MONTH PAGE

JAN B-3 JAN B4 JAN B-5
DIKSON TO FEB B-6 FEB B-7 FEB B-8
RESOLUTE 7100 KM MAR B-9 MAR B-10 MAR B-I1

BAY APR B-12 APR B-13 APR B-14
MAY B-15 MAY B-16 MAY B-17

tJUN B-18 JU B-19 JUN B2
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