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INTRODUCTION

This paper describas a new software version of tha Naval Ocean Systems
Center's Long Wavelength Propagation Capability (IWPC). This program applies the
cohcept of the earth-ionosphere waveguide to very low frequency (v1if: 10 kHz to 30
kHz) and low freguency (1f: 30 kHz to 60 kHz) radio propagation, The propagation
cdpability has been incorporated into a FORTRAN program which sets up caleculation of
mode parametsrs alony arbitrary propagation paths or for user defined operating
areas. In the latter case, the paths are automatically selected to account for araeas
of low conductivity. Previous dapendence on VMS has buen eliminated., Substantial
improvements have besn made in storage and identifiocation of the program outputs. A
sat of programs have baen developed for graphically displaying the output from the
program,

The first varsion of the LWPC was a colleation of saparate FORTRAN programs
linked together in operation by a command procedure written in Digital Equipment
Corporation's VMB operating system command language (Ferguson and Snyder, 1989a,b).
The initial version, designated LWPC-0 in this paper, was originally a test of a
concept, making full integration of the constituent programs premature. The core of
the new LWPC, designated ILWPC-1, is embodisd in a single FORTRAN program named LWPM
(short for long Wavelength Propagation Model). This program implements all of the
features of the original VM8 version. In addition, LWPC-1 includes a number of
auxiliary FORTRAN programs which provide summaries of the contents of files and can
be used to update and graphically disp1a¥ the contentas of its output files.

The propagation model implamented in the LWPC~1, which is identical to that in
LWPC-0, treats the space between the earth's surface and the lower ionosphere as a
waveguide. The uppaer boundary of this waveguide is charactaerized by an losotropic
conductivity which increases exponentially with height. The exponential increase is
defined by a log~linaear slope and a reference height. The LWPC incorporates a model
which defines an avarage value of the slopa and refersnca height which depends on
fregquency and diurnal condition. The height of the nighttime lonosphere over the
polar caps i® lower than it is at middle and eguatorial latitudes. This model has
been compared extensively with available measurements. The lower boundary of the
LWPC is bosed on the Westinghouse Geophysics Laboratory conductivity map (Morgan,
1968) . Hoth boundaries of the earth-ionosphera waveguide are known to have possibly
large uncertainties in certain regions and soeasons,

A typical usage of the LWPC is to generate fnogruphioal maps of signal avalil-~
ability for coveraye analysis. The program makes it easy to set up such problems by
automating most of the requirsed steps. The user specifies the transmitter location
and freguency, thes orjentation of the transmitting and receiver antenna and the
houndaries of the operating arsa. The program autonatically selects paths using a
coarse reaclution of 13 degrsss to ensure that the operating area is fully coversd
and then using & tine resolution of 3 degrees to ansure that all significant low
conductivity arans are included. The diurnal conditions and other relevant geophysi-
cal parametsrs are then determined along each path. After the mode paranseters along
sach path are determined, the signal strength along each path is computed and is
then mapped onto a grid overlaying the operating area., The data in the grid include
a user specified (constant) standard deviation of the signal throughout the grid.
?h- signal strengths in this grid can be displayed by other programs to be described

ater.,
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LWPC-1 incorporates a number of improvements over LWPC-0 including reduced
dependence on the operating system, better integration of the intermediate data
storage and modification of the input to use control strings coupled with input
parametexs. An option for praviewiny tha propagation paths to be processed by the
program is included. A map with major land masses graphically filled is included in
this preview cption as well as in the geographiocal covarags displays. The main
progrem, LWPM, incorporates assantial eslements of several of the programs used in
LWPC=0: PRESEG (which sets up the paths), MODEFNDR (which determines the initial
sclutions for each set of sagments), the Sagmented Waveyuide program (which deter-
mines the solutions for segments of similar type), FASTMC (which doas the mode
sumwation along the path) and OPAREA (which sets up the data for plotting coverage
area maps). While LWPC-0 generates a log file and a mode parameter data flle for
each path which is processed, LWPC-1 gensrates only one log file and ons data flle,
making file marnagemant easier.

Three noise models are currently available: 'ITSN' names the ITS noise model
of Zacharisen and Jones (1970), 'NTIA' names the noise model of Spaulding and Wash-
burn (1985) and 'DECO' names the DECO Westinghouse thunderstorm-based noise model
(Maxwell et al., 1970). The NTIA model is identical to the new CCIR nuise model
(CCIR, 1986). The model named ITSN is the implementation of CCIR 322 (CCIR, 1963)
which maps the basic noise wap paramataer, Fam, in Universal Time. The model named
NTIA is the new noise model developed uning additional measurements and has since
bscone the new CCIR model described in CCIR Report 322-3 (CCIR, 1986). These two
models are based on surface mappings of measurements at a limited number of sites.
The DECO model of atmospherioc noimse is limited to the VLF regime (10 to 30 kHx) and
uses a data base of thunderstorma and does propagation calculations from these
thunderstorms to the receiver sites. This model was calibrated using the sams meas-
urement sites which were used to develop ths othar two modals. Because the model

uses propagation calculations instead of polynomials, it is a much longer running
model and is used infragquently.

PROGRAM CONTROL

The LWPC~1 uses character strings for program control and to spacify optionms.
The control strings have the same meaning and use amongst all of the programs. On
input, most control strings may be abreviated. For example, the string '"TX-DATA" can
be sntered in upper or lower case and can be shortened to "TX~-D", If a control
string is shortened too much, it will not bs recognized and execution will stop. To
make it easier to read control strings which are composed of more than one word,
dashes are used to separate the words, such ag the abova mentioned "I'X-DATAY, A
blank in the first column of a line of data causes the string tu be treated as a
comment line, allowing the user to annotate run streams for documentation and to
provide prompts for editing.

After the necessary control strings and thely associated data are specified, a
spacific control string named "START" is used to initiate the caloulations. The
program LWPM first creates a status f£ile. This file is named with the extenslon STA
and contains a list of the bearing angles and lengths of all of the paths. Aas the
calculation of mode parameterw along each path is completsd, the parameters are
written to a file named with the extension MDS and the corresponding entry in the
status file is updated with the date and time of completion and the CPU time used.
Calculations for successive paths continues automatically. If the computer run
aborts for some reason, then the run can be restartad simply by resubmitting the
original command file, after the error has been corrected. The program checks for
the existence of the status file and continues execution at the firet entry whioch
does not have a date and time entry. Whan all paths have been processed, the program
calculates tha fiaeld strength along each path using the parameters specified for the
transmitting antenna and the receiver. These data are written to s file named with
the sxtension IWF and tha status file is updated. If the propagation paths were set
up automatically by user specification of an operating area, the program uses the
data in the LWF file to generate s file named with the extension GRD and the status
file is updated. The GRD file contains values of the signal ptrength and its stand-
ard deviation in a grid of latitude vs. longitude which covers the operating area.
This laat file mn{ now be used in s program named PLOT_GRD to obtain geographical
displays of the signal levels, signal to noise levels, or, together with other GRD
files, signal to jammer levels.
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OUTPUT DATA

An important improvement in LWPC-1 is in the handling of data files. Conmpared
to LWPC-0, more information is stored in thase files and the formats have bean
developed to allow for futura enhancemants. The new filas are all written in unfor-
matted form and a mpecial program named SCAN has been written to print out summaries i
of the parameters stored in them. Some parameters share common usage throughout the i
full set of output data files. Whenaver appropriate, these parameters from one file
are passed on to subsequent types of files in ordar to provide continuity and some i
audit trall intormation. The first record of all data file types contains the same .
information. This first record contains an 8 character string to be used to recoerd
archive information. It also contains thres strings, named MDS=~FILE~IU, LWP=FILE=ID
and GRD-FILE-ID. Each of thase strin,s contains the date the file was writtan, a
randonly gensrated, 3 character stiing to uniquely identlify the file and the full
tile name including the directory tree. The pressnce of thems gtrings in each type
of file provides information regarding the history of the data which was usad to
produce the file. For instance, sach GRD file identifies the LWF file which provided
the signal strength data and the MDS flle which provided the mode parameter data
used to calculate the LWF data. Generally, the program identification will be 'LWPM-
V10o'. This first racord alsc contains the list of paramsters to identify the propa-
gation paths for the data sets.

A utility program named SCAN is used to prodiuce summaries of the data in any
of the output files. Examples of the output from this program using tha sample
problem are shown below.

SAMPLE PROBLEM

To illustrate the capabilities of LWPC~1 a sample case is presented. The run
stream is shown in Figure 1., An operating area named "Mediterranean" is used to
define the propagation paths. The root file name is "SAMPLE" so that the following
files were created: SAMPLE.sta, SAMPLE.mds, SAMPLE,.lwf and SAMPLE meditorranean.grd. '
The transmitter parameters were retrieved from a speaification file, The previavw
option was axercleed to produce the plot shown in Figure 2. A preview optlon was
then "turned off" hy indenting the control string one space.

The second exscvution of the program produced the MDS, LWF and GRD files nanmed
above. Figure 3 shows the output from the SCAN program for the firet path in the MDS
file, The output identifies the program which was used to genarate the file and the
date that it was run. The data under the headiny which begins with "mds" is a sum=-
mary of the parameters for each segment along the path., Figure 4 shows the output
from the SCAN program for the LWF file. The paramaeter under the heading '"ng!" identi-
fies the number of field components in the mmode sums. The data under the haading
which starts with "bearng" identify the patho by their bearing angle and shows tha
length of asach path. The signal strength as a function of dilstanve from the trana-
mitter along the northernmost (bearing = 24 degrees; upper panel) and southernmost
{bearing = 72 degrees! lovwer panel) paths are plotted in Figure 5. Along the bottom
of esach graph ig a summary of the important path segmentation data, namely, the
height of the ionoaphere and the ground vonductivity. The beginning of each segment
is indicated by a small diamond in the curve representing the ground conduotiviti.
In the northern path, the rapid change in signal strength that ocours near 4 Mm 1is
due to the ef ‘ect of Greanland.

Figure ¢ shows the SCAN output for thae GRD file. This output ildentifies tha
boundaries of tha operating area. The values under the headings "nlat" and "nlon"
are the number of latitudes and longitudes used to defina the grid. Sample contour
naps gensrated by PLOT GRD using the run stream in Figure 7 are presentaed in Figures
8 and 9. The fixst of these figureas shows contours of signal strength and the mecond
shows contours of gsignal to atmospheric noine ratio, The rapid drop in signal
strength as paths oross Greenland is seen in the clomsely spaced and nearly vertical
contour lines in the eastern part of the operating area.

DISTRIBUTION

The source code and associated data sets are avallable from the Defenss Tech-~
nical Information Center,
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$ run Jwpo-dir:liwpm

case-~ld OMEGA coverage of the Medlterranean
tx SAMPLE

tx~data OMEGA~D lwp:[datjxmtr.list
ionosphere lwpm day

op-area Mediterranean 30 10 45 -45

lwf-ve-dist ,11000,,
print-swg 2
print~lwt 2
gopath
preview
map-area LANT raoct 20 100 80 =50 7 5
map~type conductivity
start
guit

Figure 1: Bample run stream for LWPM
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11DEC89 LSF [.1wp.tat]SAMPLE.mds

OMEGA coverage of the Mediterranean

file id:
ko
L3 1]

prgm_id: IWPM-V10

case_id:

prfl_id: 1IWNPM Day

xmtr_id tlat

OMEGA~D 46.4

path_id latl

Medilerranean 30.0

bearng rlat rion rr
24,0 9%9.0 0.0

nda lat lon rho
4 46,4 98,3 0.
4 49,8 96.0 420,
4 34,6 91.9 1020,
4 55,5 91,0 1140,
4 57,1 89.3 1340,
4 64.8 7.7 2400,
4 65,6 76.0 2520.
4 67.2 72.2 2760,
4 68.6 67.9 3000,
4 71.1 5l.6 3720,
4 73.7 23.7 4640,
4 7.6 20.5 4740,
4 68,7 =-15.,1 6100,
4 67.2 =19.R 4360,
4 85,9 -23,0 6560,
4 64.4 -26.1 6780,
4 63.0 -28.7 6980,
4 64d.2 =30.1 7100,
4 61,5 -31,3 7200,
4 60.4 =32.8 7340,
4 59.4 =-34.2 7480.
4 87.9 -36.0 7680,
4 54.9 -49.2 8060.
4 54,0 =40.1 8180,
4 43.8 -47.5% 9440,
4 40.9 -49,1 9780.
4 40,1 -49.6 9880,
4 36.9 =-51.1 10260,
4 34,9 -%2.0 10500.

99.0

Figure 3: BCAN output for MDS

tlon
98.3
lonl
10.0

ho
°l

azim

13,6

17.5

2702

30.0

8.7

B4.3

89.9

99.5
107.0
119.8
124.9
135.3
130.2
131,86
133.7
134.,0
135.3
136.1
136.7
137,7
138.6
140.0
142.7
143.5
151.5
183.4
153.9
158.7
156.8

fragq
10.3

lat: lon2
43,0 =~45.0

dip bfiald
74,6 0,%%
77.6 0.Bf.
8l.2 0,83y
81.8 0.588
82.8 0.%87
85.0 0.570
8i.9 0.567
84.6 0.560
84.1 0.554
82.6 0.834
80.6 0.515
80.4 0.513
77.3 0.501
76.6 0.300
76.0 0.499
75.4 0,498
74.7 0.498
T74.3 0,497
74.0 0.497
73.8 0.497
72.9 0.496
72.1 0.498%
70.5 0.494
69.9 0.492
62.1 0.479
59.3 0.472
58.4 0.470
54.8 0.461
2.2 0.458

wigiu epsr
1.E-04 15,
1.E~03 15,
303-0‘ 10,
3,8=03 15.
4,8+00 81.
3.E-04 10,
4.E+00 81,
3,E-04 10.
4.84+00 B1l.
1.E~-08 B.
1.BE~04 10,
4,B+00 B1.
3.E=023 15,
1.,E-03 18,
4.E+00 81,
3.E=03 18,
1.E-02 15.
3.E=03 185,
1.g-02 185.
3.E~03 15.
3.E-02 15,
1.E=-02 18.
J.E~02 15.
1.E-02 15,
4,E+00 81.
1.,E-02 15,
4,E+00 81,
31.E-03 15,
3.E-03 185,

tiles

heta
0,30
0.30
0.30
0.30
0.30
0,30
0,30
0.30
0.30
0.30
0,30
0.30
0.30
0,30
0.30
0.30
0,30
0.30
0,30
0.30
0.30
0.30
0.30
0.30
0.30
0,30
0.30
0.30
0.30

510

hprine
74.0
74.0
74.0
7‘.0
74.0
74.0
74.0
74,0
74.0
74.0
74.0
74.0
74.0
74.0
74.0
74'0
74.0
74.0
74.0
74.0
74.0
74.0
74.0
74.0
74,0
74.0
74.0
74.0
74.0
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tile_id:

11DEC89 LSF [.lwp.tst)SAMPLE.mds
11DEC89 XKL {.lwp.tst]SAMPLE, 1wt

1 1 X ]

prgm_id: LWPM~V10

case_id: OMEIGA coverage of the Mediterransan

prfl_id: LWPM Day

xmtr_id tlat tlon frag

OMEGA~-D 46,4 98.3 10.13

path _id latl lonl  1lat2 lon2

Nediterranean 30.0 10,0 48.0 -48.0

no nrpt bearng rhomx rlat rlon rrho pur dist
1 5851 24.0 10800, 99.0 0.0 0. 10, 0.
1 8551 30.0 11000. 99.0 0.0 0. 10, 0.
1 881 33.0 11000, 99.0 0.0 0. 10, 0.
1 581 36.0 11000. 99.0 0.0 0. 10, 0.
1 3551 39.0 10300. 99,0 0,0 0. 10, Q.
1 881 42,0 10%00. 99.0 0.0 0. 10. 0.
1 551 45,0 10500, 99.0 0.0 0, 10, 0.
1 581 48,0 10000. 99.0 0.0 0. 10, 0.
1 5851 51.0 10000. 9$5.0 Q.0 0, 10, 0.
1 351 54,0 9%00. 99,0 0.0 0. 10. 0.
1 551 57.0 95%00. 99.0 0,0 0. 10. 0.
1 551 60,0 $000. 99.0 a.0 0. 10. 0.
1 8551 63,0 9000. 99.0 0.0 0. 10, 0.
1 551 72.0 8500. 99.0 0.0 0. 10, 0.

Figure 4t SCAN Output for IWF files
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file_id: 11DEC89 LSF [.lwp.tst]SAMPLE.nds
11DEC89 XKL ({.lwp.tat])SAMPLE.1lwf

11DECE9 XKL [.lwp.tet)SAMPLE mediterranean.grd

prgm_id: LWPM-V10
case_id: OMEGA covarage of the Mediterranean
prfl_idt LWPM Day

xmtr_id tlat tlen freg
OMEGA-D 46.4 98.3 10.2

path_id latl lonl lat2 lon2
Mediterranean 30.0 10.0 45.0 ~45.,0
area id xlatl xlonl xlat2 xlon2
Mediterranean 30.0 10.0 45,0 =-4%,0
noc power incl headng talt ralt mn/dy/yr:UT

1 10, 0. 0.0 0.0 0.0 00/00/0010000

nlat nlon
13 45

bandw adjny
0. 0.0

Figure 6: BCAN Output for GRD files

stndev
3.0

§ run lwpo-diriplot_grd

vase~-id OMEGA coverage of the Mediterranean
tx SAMPLE

op-area Mediterransan 30 10 45 -45
map-area Maditerranean rect 30 10 45 ~45 6 3
nap-type land ocoast

a=noise nti= July 18 1000

ontr-range ,,3
ta-lavel 50

plt~s 1
plt-s/n 1
start
quit

Figure 7: Sample run stream for PLOT_GRD
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Figure 8: Bignal contours for the operating area of Figure 2.
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