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Preface

The basic contouring subroutines of this program were developed by Gerald 

Evenden of the U.S. Geological Survey and implemented on a DEC-10 computer. 

The authors of this report converted the original code in order to make the 

program operational on a Honeywell Multics 68/80 computer and at the same time 

added several new features.

All subroutines are written in Multics Fortran IV except for two small 

PL/I subroutines. One of the subroutines left justifies alphanumeric data and 

the other compares two character strings.

The Honeywell Multics 68/80 is a 36-bit word machine and since there are 

several octal masking constants in the program, these constants will need to 

be changed in conversion to another computer of different word size.
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Abstract

A contouring program written for the DEC-10 computer (Evenden, 1975) has 

been modified and enhanced to operate on a Honeywell Multics 68/80 computer. 

The program uses a device independent plotting system (Wahl, 1977) so that 

output can be directed to any of several plotting devices by simply specifying 

one input variable.

Introduction

CONTOUR is a general purpose program for contouring two dimensional data 

that are given in a standard grid format described in appendix A. This format 

allows data to be ordered in several different ways: different x- and y-grid 

spacings, varying distances between grid positions in either the x- or y- 

direction and data arranged to form quadrilaterals whose interior angles do 

not exceed 180 degrees. The program recognizes grid values in excess of 

1.0E38 as uncontourable, and thus irregularly shaped data sets may be 

contoured.

The following options are provided by the program: labelling of axes, 

printing of titles, drawing of border lines, plotting latitude and longitude 

tick marks, plotting positions of randomly spaced input data, drawing of state 

boundaries, dropping of contour lines in areas of high gradient, variable 

contour line widths, and plotting of L and H symbols in low and high closure 

areas. Details of these options are explained under Program Usage.

Description

The program was written to handle large gridded data sets commonly 

encountered in geophysical data processing. The grid has an origin at the 

lower left corner of an area and is ordered in rows, with row one at the 

bottom. A row consists of a sequence of column values that are normally



ordered from a westerly to easterly direction.

The data set is segmented for contouring into row tiers, the number of 

which is defined by the formula: (10000 - number of columns)/(l + 1.25 * 

number of columns). The present implementation allows contouring of an 

infinite number of rows containing up to 2100 columns. The number of columns 

can be increased by changing two variables and recompiling the program.

The method of contouring is to trace each contour level through a tier 

and label the primary contours whenever possible. Since each row tier is 

contoured independently, excessive contour labelling is sometimes prevalent 

when many row tiers are involved in a data set.

Linear interpolation is used to obtain the coordinates of each contour 

line as it passes through the sides of grid cells. This produces angular 

contour lines in some cases and the amount of angularity is dependent on the 

grid interval of the data set and the scale at which the contours are to be 

plotted. An option is provided to fit a two dimensional cubic spline under 

tension (Cline, 1974) to the data and thereby create smooth contours. This 

option however increases the number of coordinate points by a factor of 4 and 

increases execution time by a factor of 2. See the variable sigma' under 

Program Usage for a detailed description of this option.



Program Usage

Instructions to the contour program are obtained from an ASCII segment 

created by the user on disk prior to running the program. This segment is 

read by Fortran unit 9 in namelist format. Attachment and detachment of the 

segment are accomplished internally in the program. The segment must contain 

the characters "&parms" followed by any number of the namelist variables 

explained below and ending with the character "&".

The gridded data file that is to be contoured must be attached to filelO 

which can be done externally or by specifying a varible in the command 

segment. If the random data points that were used to produce the grid are to 

be plotted, then a file giving positions of this data must be attached to 

filell either externally or by specifying a variable in the command segment.

Following are explanations of-the namelist variables, grouped under usage 

subheadings:

Contour levels

File attachments

ifile - the file name of the input gridded data set that is to be 

contoured. It must be enclosed in quotes with a maximum length of 56 

characters. Default is blanks, which means that the input data set must 

be attached externally to filelO.

ifile2 - the file name of the random data points that were used to 

produce the gridded data set. It must be enclosed in quotes with a 

maximum length of 56 characters. Default is blanks which means that the 

file must be attached externally to filell if the position of random 

data points are to be plotted.



Contour levels

acval - a list of specific contour values to be used in contouring. Any

number of values up to a maximum of 1000 may be specified and they must

be in ascending sequence. 

ncval - the number of values specified under acval above. Default is zero

which means that a constant contour interval will be obtained from the

variable dcval. 

dcval - the contour interval. This value must be greater than zero if

acval is not used. Default is zero.

Either acval and ncval or dcval must always be specified. 

cmin - the lower limit of the contour values when dcval is used. If cmin

is less than the minimum value of the data, then the minimum data value

is used to determine the first contour value. Default is zero 

cmax - the upper limit of the contour values when dcval is used. If cmax

is greater than the maximum value of the data, then the maximum data

value is used to determine the last contour value. Default is zero. 

If both cmin and cmax are zero, then the range of contouring is

determined from the data. 

nsec - the interval of contour levels which are considered primary. This

parameter is used when dcval is specified. Default is one, which means

all contour levels are considered primary. Only primary contours are

labelled. 

fmtc - the format to be used for labelling the contour values (either F or

E format). The parameter must be enclosed in quotes, e.g., "(F5.0)". A

maximum number of 16 characters can be used. Default is blanks. 

nchar - the maximum number of characters to be used from the above format

when labelling the contours. For example, with nchar equal to 4 and



fmtc equal to "(F5.0)", four digits would be plotted without a trailing 

period. Contour labelling is performed for all specified contour levels 

(acval) and for all primary incremental levels (nsec). Default is zero 

which means no labelling.

size - the height in inches of labelled contour values. Default is .08.

idashs; determines line thicknesses and also which lines are to be 

dashed.

idashs = ± (N + ITH * 8) where: 

N = 0 = all contours plotted as solid lines

N = -1 to -6 = secondary contour lines are plotted as dashed lines 

N = 1 to 6 = primary contour lines are plotted as dashed lines 

ITH = the additional thickness of the primary contours; e.g. ITH=1 

produces primaries twice as wide, ITH=2 produces primaries three times 

as wide, etc.

Idashs value Plotted line

0 ____________________________

1 _____________

2 __________________

3 ___________________

4 _______________________

5 _________________________

6

i - the maximum gradient in contour lines per inch before the 

secondary contours in a grid cell are not plotted. Default is 30.



Contour- smoothing

nsig - a variable that determines whether a spline under tension will be 

applied to the contour line coordinates to create smoother contours. 

The use of this variable will create four times the number of original 

contour line coordinates and increase execution time by a factor of 

two. Default is zero for no splining. Any other number will cause 

splining to be performed.

sigma - a spline under tension factor that is used when x nsig' is

nonzero. The default is 5, which creates smooth contours for most data 

sets. A value of .001 approaches a pure two-dimensional cubic spline 

while a value of 50 causes very nearly linear interpolation. In some 

areas of steep gradient contours will cross when using the default value 

of this option. In these cases the value should be increased, and 

generally a value of 10 will be sufficient. In areas of low gradient 

the smoothness of the contours can be increased by decreasing the 

default value.

An alternate approach to smoothing using the above two variables is 

to use a smaller grid interval in the input data set.

Axis labelling

neat - a value that determines whether a rectangular border line will be 

drawn around the contour plot. The default is zero, meaning a border 

line will be drawn. Any other number will suppress the border. 

title2 - 56 characters of identification to be plotted below the 56 

characters obtained from the header record of the input gridded data 

file. This parameter must be enclosed in quotes, e.g., "scale 

1:250,000". Default is blanks.,



title3 - 56 characters of identification to be plotted below title2. This

parameter must also be enclosed in quotes and the default is blanks. 

sizel - the height in inches of the title lines. Default is zero, which

means no title lines will be plotted. 

adelx - the interval in data units along the x axis where a tick will be

made. Default is zero which means that only the minimum and maximum

values will be posted.

lintx - the interval of x axis ticks to be labelled. Default is 1. 

fmtx - the format to be used when labelling the x axis (either F or E

format). This parameter must be enclosed in quotes, e.g., "(F9.2)", and

is limited to 16 characters. Default is blanks. 

ncharx - the maximum number of characters to be used from the above format

when labelling the x axis. Default is zero for no labelling. 

sizex - the, height in inches of the labelled x axis values. Default is

.08. 

adely - the interval in data units along the y axis where a tick will be

made. Default is zero which means only the minimum and maximum values

will be posted.

linty - the interval of y axis ticks to be labelled. Default is 1. 

fmty - the format to be used when labelling the y axis (either F or E

format). This parameter must be enclosed in quotes, e.g., "(F8.3)", and

is limited to 16 characters. Default is blanks. 

nchary - the maximum number of characters to be used from the above format

when labelling the y axis. Default is zero for no labelling. 

sizey - the height in inches of the labelled y axis value. Default is

.08.
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pllx - offset in inches of the x axis from the lower-left corner of the

plot edge. Default is zero. 

plly - offset in inches of the y axis from the lower-left corner of the

plot edge. Default is zero.

The above two variables are used to provide space for axis labelling

and title information.

Plotter type and scaling

iplotr - a number which determines which plotter device is to be used. 

0 = Calcomp 7900

1 » Tektronix 4010 (default)

2 = Hewlett-Packard 7202

3 = Hewlett-Packard 7203

4 = Tektronix 4014 low resolution\

5 = Tectrbnix 4014 high resolution

6 = General vector output, e.g., electrostatic printer/plotter 

xscale - the x axis data units per inch. For example, if the grid

interval is in inches then a value such as 250000 is used. Default is

zero. 

yscale - the y axis data units per inch. Default is zero.

If both xscale and yscale are xero then they will both be set to

the same value that will allow plotting on the chosen plot device or 10

by 8 inches, whichever is smaller. If one scale factor is zero and the

other not, then the nonzero scale factor will be assigned to the zero

scale factor. 

mscale - scaling factor that can be used in lieu of xscale and yscale. It

is given in map scale units such as 62500, 250000, etc. Default is

zero.
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unit - the units of the grid interval in the input gridded data set to be 

contoured. 0 = inches, 1 = meters and 2 = kilometers. Default is 0. 

This parameter must be specified if mscale' is used.

Latitude/longitude tick marks

The following variables are to be used if plotting of 

latitude/longitude tick marks are desired. They are to be used only 

when the gridded data set coordinates have been calculated from a 

projection program where the central meridian, base latitude and type of 

projection is known. The longitude units can be either positive or 

negative. The unit' parameter explained above must be specified to use 

this option of the program.

basalt - a three unit array containing the base latitude in degrees, 

minutes and seconds. Default is 999,0,0.

cm - a three unit array containing the central meridian in degrees, 

minutes and seconds. Default is 999,0,0.

iproj - a number referring to the type of projection to be used.

1 = American polyconic

2 = universal transverse mercator (UTM)

3 = mercator

4 = lambert (standard parallels of 33° and 45°)

5 - albers equal area for the conterminous U.S. (standard parallels of

29.5° amd 45.5°>

6 = albers equal area for Alaska (standard parallels of 55° and 65°)

7 = albers equal area for Hawaii (standard parallels of 8° and 18°) 

Default is 999 for no projection.

latm - a three unit array containing the minimum latitude in degrees, 

minutes and seconds. Default is 0,0,0.
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latx - a three unit array containing the maximum latitude in degrees,

minutes and seconds. Default is 0,0,0. 

longm - a three unit array containing the left longitude in degrees,

minutes and seconds. Default is 0,0,0. 

longx - a three unit array containing the right longitude in degrees,

minutes and second. Default is 0,0,0.

For longitudes east of Greenwich set longx less than longm. 

tint - the interval of tick marks in minutes. Default is 15. 

itpost - the tick mark interval where labelling will be performed.

Default is 1. 

sizep - the height in inches of the tick mark labels. Default is set at

.20 inches.

Plotting of state boundaries
\ 

ibound - a variable that determines whether state boundaries are to be

plotted. Default is 999, which means no state boundaries will be 

plotted. If plotting of boundaries are desired then set ibound to a 

number from 0 to 6 inclusive. The number selected will determine the 

type of line desired for the boundaries. See the "idashs" parameter 

under the heading Contour levels for the line types.

If boundaries are desired, then most of the variables explained 

under latitude/longitude tick marks must also be specified. These 

variables are baslat, cm, iproj, latm, latx, longm, longx and unit.

Plotting of positions of random data points

ispost r- a variable that determines whether random data positions will be 

plotted and if so, what type of input data is to be read and posted. 

Default is zero which means no plotting of positions will be done.
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1 = plot in vector form. The input records will contain the following 

information: x-position, y-position, magnitude, inclination and 

declination. The maximum number of records is 200. The inclinations 

are plotted next to a circle, which marks the xy position. The 

declination is indicated by the direction of an arrow and the magnitude 

by the length of the arrow.

2 =» position plot with the records in an x, y and z format, where z is 

the value of the field at position x,y.

Negative values are used to indicate .post files, which are file 

outputs from the gravity reduction program bouguer. Post files are 

binary records containing the following information: 8 characters of 

station identification, x-coordinate, y-coordinate, and six z-values 

(free-air anomaly, complete bouguer anomaly one, complete bouguer

anomaly two, elevation in feet, terrain correction and observed
\

gravity).'

-1 to -6 will print one of the z values next to the station 

symbol

-11 to -16 will print the station identification next to the 

station symbol

-21 to -26 will print the station identification and one of the z- 

values next to the station symbol

ifmtv - format of the input file; used when ispost is equal to equal to 1 

or 2. A maximum of 56 characters is allowed and they must be enclosed 

in quotes, e.g., "(2F10.3,3F6.1)". Default is blanks which means the 

input data will be in binary form.

fmtv - the format to be used when labelling the z values (either E or F 

format). A maximum of 16 characters can be used and they must be 

enclosed in quotes, e.g., "(F6.1)". Default is "(F7.2)".

14



ncharv - the maximum number of characters to be used from the above format 

when plotting the z value. Default is zero for no plotting of z value.

vmin - used when ispost=l. It is the minimum vector length in inches. 

Default is zero.

vmax used when ispost=l. It is the maximum vector length in inches. 

Default is 1. 

The vectors are logarithmically scaled from vmin to vmax.

szpost - the station symbol size in inches. Default is .08.

The following three variables are used to plot distinct symbols for 

different station identifications enountered in a post file.

nid - the number of different station symbols to be used; maximum is 19. 

Default is zero which means all stations will be plotted with one 

symbol.

ich - a list of symbol numbers to be used. These numbers refer to the 

desired characters as shown in appendix B (taken from the plot system 

documentation (Wahl, 1977). A maximum of 20 can be specified. Default 

numbers are 2, which is a diamond.

chid - a list of character strings of no more than four characters each 

that are used to match the first characters of identification on a .post 

file. A maximum of 20 strings can be specified. Default is blanks.

For example, let nid = 3, ich = 3,1,2,11 and chid = "abc", "tcOl", 

"H". Station abcOOl will be plotted with symbol 3, station tcOlA will 

be plotted with symbol 1 and station Hur002 will be plotted with symbol 

2. The nid + 1 number, in this case 11, will be used to plot all those 

stations that did not match the specified chid character strings. This 

number can be omitted and the default number 2 will be used.

To bypass contour plotting and just plot the random input 

locations, use the above variables and let dcval and ncval default to

15



zeros.

Low and high closures

lowhi - a parameter to plot the symbol "L" in low closures and the symbol 

"H" in high closures on contour plots. To implement this option set 

"lowhi" equal to a number of grid intervals to use as a search radius. 

Usually a value of 4 is adequate. Default is 0.

This option will not work if lowhi is greater than the number of 

columns in a grid or the grid intervals are not equal in either the x- 

or y-direction.

16



Program Execution

The data file to be contoured can be attached externally using the 

switchname filelO, e.g., "io attach filelO vfile__ test.grd," or internally 

using the namelist parameter "ifile". To run the program type the word 

"contour." The program will then type the statement "enter command 

filename." The user then types in the name of his command segment and program 

execution continues.

If offline plotting devices are used the plotting system will ask 

questions about the tape and file number to be used or about disk file names. 

See Examples of Program Execution for the specific questions that are asked. 

If tape is used one should issue the Multics system command: "assign-resources 

tape_drive" (ar tape_drive) before running the program to be sure that a tape 

drive is available.

If the plot is general vector output for electrostatic plotters (plotter 

number 6), a question will be asked whether you want raster output or not. If 

the answer is "yes" then the vectors are sorted and converted to rasters for 

direct plotting by a Varian 22 inch plotter. This is used for very large 

plots with many contours as many minicomputers can not handle the vector- 

raster conversion of large data sets.

When the program is completed a Multics ready message is typed except 

when plotting on a Tektronix terminal. This omission on the Tektronix is to 

prevent printing over the plot on this type of device before a copy can be 

made. To return to command level in this case enter a line feed.

One plot is made with each execution of the program. To contour 

additional data sets in one process the user can attach to a different data 

file and run the program again. Several files can be created on tape this way 

by being sure to increase the file number by one each time the plotting system 

asks for the file number.

17



The command file can be tested by setting iplotr=6 and running the 

program. When the plotting system asks for tape or null, type the word 

"null." The plotting system will still ask you if you want raster output and 

for tape number and file number. One just answers with a "no" and two zeros 

and the output will be directed to a Multics file discard_ and the program 

will execute.

Error Messages

There are several program error messages that can be generated; they are 

all preceded by a "%." One of the most common messages is "% end of file 

while processing header of input file." This usually means that one forgot to 

attach filelO to the data set to be contoured. Another message that is not 

hard to generate is "% odd eof on command segment." This results by entering 

the wrong command segment name or forgetting to end the namelist with a "&."

When program error messages are generated all files are closed and the 

command segment is detached, except for those files that are attached 

externally. If one quits out of the program after reading the command 

segment, or a system error is encountered, then only the command segment is 

closed and detached. All other files will still be open. It will be 

necessary to close filelO and file11 (if used) before running the program 

again.

External Subroutines

The following subroutines in the device independent plotting system are 

called by the program: 

pltset 

scale 

char 

xaxis

18



yaxis 

line 

neatl 

endpt

The PLI subroutines are as follows: 

leftj 

match

Command Segment Examples

1. The following example will contour a data set on a Tektronix 4010 using a 

contour interval of 20. No titles, axis labelling or contour labelling 

will be done. Automatic scaling will be used. 

&parms dcval=20,&

2. The following example will contour a data set for the Varian electrostatic 

printer/plotter with contour labelling, axis labelling and plotting of 

titles.

Sparras title2="scale 1:250,000", title3="May, 1977", fmtc="(F5.0)", 

fratx="(F6.0)", fmty="(E9.2)", nchar=5, ncharx=6, nchary=9, dcval=2, 

nsec=5, sizel=.l, adelx=900, adely=900, iplotr=6, pllx=2, plly=2, 

xscale=250000,&

3. This example will contour a data set on a Calcorap plotter with contour 

labelling, contour smoothing, latitude/longitude tick marks, no border 

line, posting of random data locations and state boundaries.

&parms dcval=5, fmtcas"(F5.0)", nchar=4, nsec=2, iplotr^O, idashs=-l, 

xscale=6.35, unit=2, iproj=2, cm=96, baslat=0, latm=30, latx=35,30, 

longm=109,30, longx=H4, nsig=l, gradi=100, neat»l, tint=30, 

itpost=2, ibound=5, ispost=-2, fmtv="(F5.0)", ncharv=4,&



Examples of Program Execution 

1. The following example shows a command file and two runs of program

contour. The lines starting with the characters "«" are questions from 

the plot system software.

&parms dcval=2,iplotr=6,

fratc="(F4.0)",nchar=3,nsec=l,gradi=100,

pllx=2,plly=2,sizel=.15,

baslat=0,0,0,cm=71,30,0,iproj=l,tint=5,unit=2,

latm=42,15,latx=42, 45,longm=71,15,longx=71,45,

xscale-1.5875,

title2="scale - 1:62500",& 

io attach filelO vfile_ boston.faa 

contour

enter command filename: conter.cmd

«Pltsys: General output device type-(tape, disk, or null): tape 

«Pltsys: Do you want raster output? no 

«Pltsys: Plot tape: rhgOOl 

«Pltsys: Plot file number: 1 

Mounting volume rhgOOl with a write ring. 

rhgOOl mounted on tape___05. 

plot size (inches): x= 3.76 y= 3.41 

«Pltsys: Done with the tape in this process? no 

STOP

io detach filelO

io attach filelO vfile__ boston.ba 

contour

enter command filenam: conter.cmd 

«?ltsys: Plot file number: 2

20



plot size (inches): x = 3.76 y = 3.41

«Pltsys: Done with the tape in this process? yes

STOP

2. The following example shows a contour run with disk output, 

io attach filelO vfile_ boston.faa 

contour

enter command filename: conter.cmd

«Pltsys: General output device type-(tape, disk or null): disk 

«Pitsys: Do you want raster output? no 

«Pltsys: Enter file name: faa.plot 

plot size (inches): x = 3.76 y = 3.41 

STOP

3. The following example shows a contour run using the raster output option,

io attach filelO vfile_ >pp>Datap>Dataproc>rq>midwest.grd
\

enter command filename: >udd>Dataproc>RGodson>conter.cmd

«Pltsys: General output device type-(tape, disk, or null): tape

«Pitsys: Do you want raster output? yes

«Pltsys: Plot tape: kohnOl

«Pitsys: Plot file number: 1

Mounting volume kohnOl with a write ring.

kohnOl mounted on tape__04.

«Pltsys: Reverse axes? yes

plot size (inches): x = 3.76 y = 3.41

Sorting...

24696 records sorted. 

File 1 completed. 

Sorting...

9597 records sorted.
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File 2 completed.

«Pltsys: Done with the tape in this process? yes

STOP

22



Plot Example 1 

The plot below was produced using this command segment

&parms nsec=l,fmtc="(F3.0)",pllx=l.,ifile="b.faa", 
dcval=5,nchar=2,&

23



Plot Example 2 

The plot below was produced using this command segment:

£parms nsec=2 ,fmtc=" (f3.0)",pllx=l.,ifile="b.faa",dcval=5, 
nchar=2,idashs=8,&

24



Plot Example 3 

The plot below was produced using this command segment:

&parms nsec=l,fmtc="(f3.0)",pllx=l,plly=l,ifile="b.faa",dcval=5
nchar=2,nsig=1,sigma=1,
adelx=5,adely=5,ncharx=3,nchary=4,fmtx="(f4.0)",fmty="(f5.0)",&

4685

4679
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Plot Example 4 

The plot below was produced using this command segment:

&parms
ifile="test.grd",ifile2="test.bxyz"
dcval=2.
nsec=5
fmtc="(f5.0)",nchar=4
sizel=.l,iplotr=l,xscale=0.,yscale=0.
size=.06
neat=l,pllx=l.,plly=l.
baslat=44,0,0,cm= 115,0,0,iproj =2,sizep=.07,unit=2
tint=5.,itpost=2
latm=43,45,0,latx=45,0,0
longm=113,45,0,longx=116,15,0
ispost=-22,fmtv="(flO.l)",ncharv=6
nid=6,chid= M cm","lv","ch", M cp", M st","p",ich=ll,6,3,3,4,4,12
szpost=.06
$

218.3

station posting example
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Appendix A 

Standard Grid

The grid can be any one of many types: (a) a rectangular grid with equal 

spacing in the x- and y-directions, (b) a rectangular grid with constant but 

unequal x- and y-intervals, (c) a rectangular grid with varying distances 

between grid positions in either the x- or y-direction or both and d) a 

quadrilateral grid which consists of connecting quadrilaterals whose interior 

angles do not exceed 180 degrees.

The file of the gridded data consists of two basic parts: (1) a header 

record and optionally, a following record that contains the x-coordinates for 

each column and (2) a series of data records, each containing the column 

values for one row.

The following diagram shows the relationship of the grid elements in the 

usual case where dx and dy are positive.

NROW X ' X X X X X last row stored

X X 

X X

X X first row stored 

5 NCOL

A. Header record (23 words long)

id: 56 ASCII characters of identification (14 words), 

pgm: 8 ASCII characters of creation program identification (2 words), 

ncol: number of columns of data (integer, 1 word), 

nrow: number of rows of data (integer, 1 word).

nz: number of words per data element (integer, 1 word). For single 

precision use 1, double precision or complex use 2, double precision

3 X

2 X

1 X

1
(xo,yo)

X

X

X

2

X
dy
X dx

X

3

X

X

X

4
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complex use 4. For quadrilateral grids this value is 3. 

xo: position of first column of data (real, 1 word), 

dx: equal spacing interval of columns (real, 1 word). 

If equal to zero, then coordinates for each column are in the following 

data record; otherwise the following record consists of data for row 

one.

yo: position of first row (real, 1 word), 

dy: equal spacing interval of rows (real, 1 word). If equal to zero,

the coordinate for each row is the first word of each data record row. 

B. Column coordinate record, present only if dx of header record is equal to 

zero. Record consists of ncol real words specifying the coordinates of 

each data column in monotonic order. If nz=3 then this record is present 

but the values are meaningless.

C. Data record. Each data record contains one row of real data items. The 

total record length is ncol times (nz plus 1) words. For quadrilateral 

data the sequence of data values is x, y, and z. The first word contains 

the row coordinate if dy of the header record is zero, else the value is 

a dummy. Again, the row coordinates should be in monotonic sequence, if 

specified.

In general, i/o for this standard file can be stated in fortran as: 

dimension g(iz,ix,iy),id(14),pgm(2),x(ix),y(iy) 

read or write (..) id,pgm,ncol,nrow,nz,xo,dx,yo,dy 

if (dx.eq.O.) read or write (..) (x(i),i=l,ncol 

if (dy.ne.O.) go to 15 

do 10 j=l,nrow 

10 read or write (..) y(j),((g(k,i,j),k=l,nz),i=l,ncol)

go to 25 

15 do 20 j=l,nrow

29



20 read or write (_..) dum,(Ig(J<,i.,j).,Ml,nz) ,i=l,ncpl)

25 continue

In the usual case where dx and dy are constant and nz=l« the code 
simplifies to:

dimension gCix,iy) ,id(14) ,pgm(_2)

read or write(»«) id,pgm,ncol,nrow,nz,xo,dx,yo,dy 
do 10 j=l,nrow

10 read or write (_ ») dum,(g(.1,j),i^l,ncol)
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Append!x B 

Plot or Plot System Character Set
J

0 32 64 Q & 36
1 DD 33 ?<> 65 A ^ 97 a s
2 <OO 34 " " 66 B B 98 b
3 OO 35 ## 67 CC 39 cc
4 XX 36 $£ 68 D Z7 1 00 d
5 XX 37 %^T 63 EF 101 e e
6 +-K 38 g£ 70 F F 102 F ^
7    33 ' ' 71 G£ 103 go
8 YY 40 ( f 72 H/y 104 n^
3 XX '41 ) ; 73 I / 105 ! /

10 XX 42 + * 74 J J 106 j /
11 AA 43 + + 75 K/C 107 EC £
12 VV 44 , , 76 LZ. 108 I /
1 3      45 - - 77 M M 1 03 m m
14 46 ..   78 N N -11 0 n n
15 47 // 79 0£ 111oo
16   48 0 0 80 PP 1 1-2 po
17 43 1 / 81 QO 1 13 qg
18 50 22 82 R/? 114rr
19 51 3 J 83 SS 1 15 ss
20 52 44 84 T T 1 16 t /
21 53 55 85 ULf 1 17 uu
22 54 66 86 V V 1 18 v v
23 55 7 7 87 W // 1 19 w *
24 ° ° 56 85 88 X * 120 xx
25 £?* 57 95 89 Y K 121 yy
26 0 £ 58.: .- 90 ZZ .122 ± ir
27 - - 59 ;/ 91 C f 123 < <
28 * ^ 60 « 92 \ \ 124 ! /
29 61 == 93 ] J 125 > >
30 i^ 62 » 94 t / 126 ~ ~
31 ;><> 63 ?? 35 * - 127
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Appendix C 
c
c general contour i no Program 
c
c developed ana coded bv., 
c u. s. geoloaical survey 
c gerald i a n evenden 
c denverr Colorado 80225 
c
c modified for the Honevwel 1 /mul t i cs computer 
c by r.h. aodson - aon'l»1^77 
c

automatic wortc(lOOOO) 
c
c grids of up to ?lOO columns can be contoured w i t h nworic=l 0000 . 
c in np^cticef 30 to ^ 0 rows Per tier is orefered so that 200 
c to ?5p columns is a desirable limit. the formula for rows 
c per tier Trot) is ......
c rot=(nwork-ncol s) / ( 1 t 1 ,?5*ncol s) .
c if larger grids are contoured* recompile wit-h nwork and
r. dimension of work increased.
c
c note., this proaram contains several non-ansi fortran
c statements. although several of these constructs
c may be available on other computer systems care must be
c execised in the transportation of this program..
c

character* 1^ titlel,title2,tit1e3,ifmtv
Character*lb. fmtc, fmtxffmtv/fmtv
real 1 atmr 1 at x f 1 onamf 1 onox
common/sexy/ titlelftitle2ftitle3ffmtx f fmty^

1 xx(2) r yy ( ?) fXPl(4) rvpl (4) , iplotr f sizel fncharx^
2 sizexfsizeyradel x^adelyrpl lx f pl ly f 1 intxr 1 intyr
3 xscftlerVscale'fXxscalfYYScalrmscale 
common /vec tor/i spost f vmaxfvmin f fmtvfncharv f .i fmtv f

1 ich(20),szpost,lowhi fChid(20) f nid 
common /concom/ nco 1 f nrow f bmi n » bmax f

2 fltmax,lmult(4)ridashSrl i
common/1 ]p/latmC3)rlatx(3)rlongmf3)flongx(3)rcm(3)rbaslat(3)f 

i 1 ioroj rxxx(2)ryyv(2)rsizeprunit r ip f neat f tintfitpostri bound 
common/contrc/ cmin f cmaxfdcval rncval rnsec/gradi fncHar/size
character*50 coname 
loaical nomorerprime 
dimension acval C 1 000) t \ di m C 1) 
eguivalence (ac vel C 1 ) r work ( 1 ) ) 
data nwork/10000/f idim(l)/0/ 

c
data icard/5/fiprint/6/,icmd/9/,igrid/10/fista/ll/

r

c get command file name and attach 
c

10 wpi te( i pr i nt f 20)
20 formatC" enter command filename :"$)

readCi card* 30) coname 
30 formatfv)

open(icmH f file = coname f form="formatted"fmode="in H ) 
c
c get control data 
c

Call name (acval r '2^01
 32
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c
c si ice up core
c

iffiouaa.eo.3) go fro 1^0
nrowt=fl*(nwKPes-ncol )/(5*ncol +4
i f f npowt .ge .2) go I-Q 130 

c
write(iDPint/l20) 

120 fopmatC" ^insufficient memopy")
OQ to 230 

c
130 i dad=i xaHtnco 1

i yad=nwoPk-nPowt+l
i fad=iHad+npowt*nco1
oo to 150 

c
140 nrowt =4*n*k res/ ( 1 3*ncol)

ifCnPOwt.lt.?) go to 110
k=npowt *nco 1
i dad=i xadt k
i yad=nwopk-k+ 1

c
c ok so far/ scale and annotate
c

150 cal 1 sexual C i )
i f f i .ne.O) go to 230
i f f i auad.ea. 3) go to 190
k = i xad + ncol-1
i f Cde 1 x .ne. 0) QO to 170
do 160 i=ixad,k 

160 wopk ( i ) =wopkt i ) *xx«ca 1
ao to 190 

170 xo=xo*xxscal
del x=de 1 x*xxsc«l
HO 1?0 i=ixaH,k x
woPkCi )=xo 

180 x 0 =xotH e lx

call setcon ( s i zer nchar ) 
c
c branch apound contoup tpace 
c

i f Cdcval .eo.O.) qo to 200
cal 1 conttp(wopkCixad) rwopk(iys»d)/woPkCidad)/

1 *opk(i fad) /woPk/nPowt/ncol /xxscal ryyscal ,aflg,
2 yo^yysc^l rdel v*vyscal r i ouadrnoassr j pes, igpi dr
3 ixadriyad) 

200 xx ( 1 ) =oxo 
vy f 1 ) =oyo 
*x(2)=Cnco-l)*odx+oxc
yy nPo-ovoyo
call seal e(xx , vy , xo 1 , yol f 3/ i erl
i f f i spost .eg. 0) oo to 210

c
c post s t at i ons
c
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4 cm, bas 1 at* ioroj , s i zeoruni tyanaleyneatrtint* i toost / i bound,
5 title2,tiMe3ffmtc

cf
data iemd/9/, jorid/lft/, ista/1 I/, ibl ank/" n /,ib1ankl/" "/ 
Imul t (1 )=134?177?8 
Imul t(?)=26214fl 
Imul t (3)=512 
Imul t (fl)=i

i =0 
i soost = 0 
do 10 i=l,? 0
icH(n=2 

10 chidfi)=" " 
n i d = 0
Sznost=. 08 
v m i n = 0 . 
vrnax = l .

i f m t v = " " 
c m i n = 0 . 
Cmax=0 . 
dcval =0.

=0

si ze1=0. 
araai =30 . 
Pf1g=1.0e3* 
f 1 tmax=1.0e38 
i D 1 o t r = 1

nchary=0 
1 i n t x = 1 
1 intv=t 
si ze=.08 
si zex = . 0 A 
si zev=.0* 
ao«*l x = 0 . 
adel v=0 . 
ol lx=0. 
ol ly=0. 
xscal e = 0 . 
yscal e=0. 

e = 0

vol (2)=0. 
s

si
i pro 1=999 
uni t=999. 
anal e=0 .

itPOSt=l
<'.

37



Cf7lf2)=0.

cm(3)=0. 
baslat f i)=99Q. 
baslat (2)=0. 
basl at C3)=0. 
do 20 i=l,3 
1 atm( i ) =0 . 
latxfi )=0. 
1 ongnr»( i ) =0 . 
longx(i)=0. 

20 cont i nue
tit- Ie2=ib1ank 
Mt Ie3=iblank 
f mtc = i hi ankl 
fmtx=ib1ankl 
f mt y= i H 1 ank i 
ifilp=" "
ifil*2=" "
reaaficmd,rarms,end=30) 
c 1 ose f i cmd)
i f ( i f i 1 e.ne . " "J ooen ( i qr i d, * il e=i f i 1 e, mode = " i n" ) 
continue
i f f i f i 1 e2.ne." " .^nd. ifmtv.ea." ") ooen ( i st a, f i 1 e= i f i ] e2, 

1 mode= H in") 
i f f i f i 1 e2.ne." " .and. ifmtv.ne." ")

i p= i pi ot r 
return

30 close(icmd) 
return 1 
end
**********
subroutine oo-enck (igrid,xoryo,delxrdely, 

1 xdat a, nwor k, i Quad) 
c
c initialize aria input file. 
c

common/sexv/titlelrtitle?, title3, fmtx,fmty,
1 xx(2)ryy(?)rxol(4),VDl(4)*iolotr,sizel,ncHarx,ncharv,
2 sizexrsiz^yradelxradelyrol lx,ol lyrl intx, 1 inty,
3 xscale,yscalerxxscal ,yyscal rmscale 
common /concern/ ncolrnrow,hmin,Dmax,

1 grad,qflq,i is^i ie,i'isiri jei,primeri i4,cont,
2 f1tmax,lmult(^),idashs,l inet r siama,nsig 
character* c; b titlel,title2,tit1e3 
Character*1b fmtx,^mty 
dimension xaat a C 1 ) t aummy C 2^ 
data iorint/6/ 

c
reaa(iariarend=70) titTel,dummy,ncol,nrow r iguad r xordelx,yo,dely
if Cnco 1 . 1 t ,3.or .nrow. 1 t .3) ao to 90
i f f i auad.ea."5 .and. del x .ea. 0 . .and. del y .eg. 0. ) go to 60
if ( nco 1 .gt .nwork ) go to 130
if (iguad.ne.l) ao to 110
i f (del x .ne.O) go to 10
read(iaridrend=70) (xdata(i),i=lrnco1)
xx(l)=xdata(l)
*x (2) =xdata (ncol ) 
ao to ?0 

10 x x (l)=yo
38



xxf2)=xo+(ncol-i)*de1x 
20 i f (del v.ne.O) go to 30

call yreadfiaridryVf
i f f nrow. 1 t .3) GO to 90
oo to ao 

30 vy ( 1) =vo
yy(2)=vo+(nrow-l)*dely

40 i f 'de 1 x . ne. 0 . . and.del y .ne . 0. ) return 
50 rew i nd i or i d

reaa f i ar i d)
iftdelx.eq.O.) read(iqrid)
Pet urn 

60 i = n c o 1 * 3
iffi.gt.n w orlO qo to 130

cal ) xvread(iqpid,xxryy,xdatari) 
i ffnpow.lt. 3) qo to 9Q 
ao to ^0

70 w r i t<? ( ippi nt t 80) 
8 ft formatf %end of f i 1 <* while orocessing header of input file")

no to 150
90 write(iprintflOO) 

100 formstC" %no. POWS OP columns less than 3")
oo to 150

110 write(ipPintrlPO) 
120 fopmatf" /inz on Header of standapd file is greater tHan 1")

oo to 150
130 writeCiorintfl^O)
140 formatC" %cope exceeded fop x values") 

c
150 close MOM d"* 

ncol=0 \ 
return 
end

subroutine yreadrioridfyr,nrow) 
c
c scans specified row arid 
c

dimension vr(2)

20) yr(l) 
1 0 npow = n row* 1

readfiaridrend=20) a
vrf2)=a
OQ to 10 

20 ret urn
end

subroutine xvread(iqrid f xrfyrfworkrncol3)
c
c scans ouaqr i 1 at era 1 arid for x-y ranoe
r

dimension xrf2^ f v r f 2 } fworkfnco!3) 
cowman /concom/ ncol^nrow^hminfbmaxf

1 qrad f aflqfi isfi le^i Jsirijeifprimefi j4rcontr
2 fltmaXflmultC^jfidashSrl inet^s 

c
c initialize 
c
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n row = 0
read(iarid/end=70) dummy, work
x m i n = f 1 t m a x
xmax=-* 1 t max
vmi n = f 1 t max
vmax=-f 1 tmax 

c
c scan 1 ooo 
c

10 n row = n rowt I
i f (worK if?) .qt .af IgD ao to SO
do 50 i=l,n C o]"5,3
if(work'ii).le.xmax) ao to 20

oo to "50 
20 iffwork(T).ae.xmin) ao to 30

xmin=wort(i) 
3° i f C work ( i tl ) .qe. vmi n) go to 40

vmin^wopkCitl)
CQ to SO 

^40 i f (work ( i 1 1 ) . 1 e.ymaxl ao to 50

50 Continue 
c

read T i or i d/ end=60 ) dummy,work 
ao to 10 

c
60 xp(l)=ymin

xr (2)=xmax
Vr f 1 ) =ymi n
vr ̂ 2) =vmax

c
70 return 

end

subroutine conttr(x,y,z, f,c,nrow,ncol /xxscal ryyscal , 
1 q^]q,vo/dely,iguad,nDass, ires/iaridfixad/iyad) 

c
c basic inout and tier control 
r

di -ren si on x(1)/yfl),z(n,f(l),c(l) 
c
r setuo mode control 
c

i f C i nuad .eo. ? J qo *" o 10
cal 1 coorda(ixaa/ iyad,ncol , iauad")

i f f del v .eq. 0) itvpe=o
ao to ?0 

10 call poorda ( i xad/ i yad, nco 1 , i quad)
i t vpe=l 

c
c remain i no initialization 
c

20 k 1 row= Cnrow-1 ) *ncol
last=0
i e = n row 

c
c t i e r 1 OOD 
c 40



do 170 iDass=lfnoass 
i f f i nass   en. noass ) je=lres 
i f ( ioass.eo. 1 ) go to 70 

c
c move down last row 
c

is = 2 
j j = n c o 1
do 30 i=1, nco 1 

30 z( i )=z f kl ro» + i )
ifCityoe) 40r40,SO 

40 v(l )=y( n row)
ao to 80 

5^ do. 60 i=1, nco ]
x ( i ) = x ( k 1 r o w + i ) 

60 v(ij=y(idrow+i)
Po to *6 

c
c first row 
c

70 i s =l 
i j=0 

c
c e e t data 
c

80 d 0 140 i = J<^ je
iffityoe) QO/lOOrUG

90 read( i ar i dr end=l T 0) dum, f z (j J ti J , i =1 , ncol ) 
v( i ) =yo 
vo = votdel v 
ao to 140 

10n readf i ari dr ena=l30) v( J) r (?( j j+O r i=1 r ncol)
v(n=y(j)*vyscal 
ao to 140

110 readf i ari d» end = l30^ dum, ( x C j j t i J , y f j i -H ) r z f j i t i ) t i = 1 r ncol ) 
do 1?0 i=l,ncol 
k k = j jt i 
iffzCklO.Qt.qflg*) ao to 120

120 continue
ao to 1 40 

130 Je=j-l
iffJA.It.2 1) return 
1 a s t = 1 
ao to 150 

140 ? j = j j + n c o 1 
c
c ''all cont r 
c

150 caM cont r f zr f r c r Cr j e) 
160 i f T 1 ast .ne. 0 "> return 
1 70 Cont i nue 

return 
end

subroutine contrCqrid, fl ag <;,work,acval rn 
c 
r basic contour i no control subroutine.
c
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no to 140
100 if (idas^s) 110,130,120 
110 1 inet = i absMdashs/8)*8

ao to 130 
120 1 i net = i dashs 
130 cal1 setlab 
140 call scan(orid*f1 ens*work)

ao to 70 
c 
c
c done with bloc k 

150 return
end

Subroutine setupCqrid,flaqs,war*) 
c
r initialize flag array, 
c

dimension arid(l)rflaqs(l),work(1)
i nteaer f1aqs 

c
Common /concom/ ncol,nrow,bmin,bmax,

1 qraH,oflq,i ! s r i I e * i j s i » ij e i » p r i m e, i i 4 * c o n t,
2 fltmax,lmult(4),idashSrlinet,siama,nsig 

r.
1oai ca1 pri me 

c
c initialization of all nara^eters (arithmetic and logical) 
c uniaue to row block beinq contoured 
c 
c
c system of f1aqs
c bit definition (*or bit on) 
c 0 edae-side 4 oossib^e cut 
c 1 eaae-siae 3 oossible cut 
c ? edae-side ? oossible cut 
c ^ edae-siae 1 oossible cut 
c 4 edae 1 cut not made and not checked 
c 5 interior scar, (edqe 1) 
c *> aradient (droo secondary contours) 
c 7 block aood (contourab1e) 
c

i nt eaer fQ
loaical ccc/col1rc^rowlqrDit,kk,colla
data idval/o377777777777/ 

c 
c start of ©Derations

ncol l=nco 1 -1
i j = l
i 1 j=?
i j 1 = n c o 1 + 1
i 1 j 1 = i i 1 + 1
i j n l=-ncol

do 10 i =1 , i j s 
10 f]aqs(i)=0 

i j s = i dval
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1 f (xul -xur ) **?t f yul -yur)**2) *arad
2 .or. (ari d( i i l)-arid( i 1 j 1 ) )**2.gt .
3 f (xur-x 1 r ) **?t f yur-yl r)**2) *arad) qo to 60 

i f ( ( a r i d (i i ) -g r i d ( i 1 j 1 ) ) ** ? . U .
1 ((xll-xur)**?f( v U-yur)**2)*arad
2 .and. (arid(i 1 i)-grid(i j 1) )**2.) t .
3 f (xul -x ) r)**2+ Cvul -yl r)**2)*arad) ao to 70 

60 fqsfat? 
70 xl l=xl r 

vl Isyl r 
xul =xur 
vul =yur 

c 
c 
c

cal 1 setCflaasri i-l
ao to 130 

c
c wesh clock non-cont ou r abl e 
c
c check and set side 3 and 4 flaas 
r

90 fck=. false.
if C.not.rowlg) ao to 100
if (qridM i ) .gt .aridCi J 1) ) call set ( f 1 ags, i j-2, 1281
kk= . t rue. 

100 if (.not.collg) ao to 110
if (qria( i ] ) . 1 t .qpidC i 1 j ) ) call set ( f 1 ags , \ j n 1 , 64)
kk=.true. 

110 if C.not.(col^rc.o^.kk)) qo to 120

1 (bmaix , ar i a( i f 
120 row! o=. f a] se.

fg = 0 
c
c end of mesh 
r

130 i jri t j
i 1 j = i 1 j 1 1 
i j l=i 1 « 1 
i 1 I 1 = i 1 j 1 1 1 
col 1 ^c^ccc 
i j nl = i j n1 1 1 

1 40 cont i nue 
c

15f> Continue 
c

i js=Ci js-n/4 
i j>=fi ie-iV4 
i jsi = (i jstncol V^ 
i j e i = i i e 
return 

c
end

Subroutine scan(qpidrfl 
c 
c scans grid for undrafted contour level.
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on oridri),-Maqs(l)rwork(l) 
i nt eaer f 1 aqs

common /concern/ nco 1 / nrow, bm i n t bmax r
1 q r a d r a f 1 q , i j s r i J e r i isifijei»primerij4,cont,
2 f 1 tma* r 1 mul t C^ ) r i dashs r 1 i net , s i ama, nsi g 

1 ooi cal Drimer^askl rmask2»mask3 r mask4,mask5fmask6r
1 mask7rmask8rmask9rmasklO,maskl 1 r i zero
locncal mask fmaskbrmaskdr mask fr jtemprmtemprl flagr ktempr edge 
equivalence(naskl,masicl) r (nask?,mask2) r (nask3rmask3) f

1 (nask4,ma*k4) r Cnask^rwask^) r (nask6rmask6) f (nask7,mask7) r
2 (nasK* / maskB) r (nask9, masic^) r (naskl Or masklO) , (naskl 1 rmaskl 1 ) 
equivalence(naskrmask) r (naskbrmaskb) t (naskdrmaskd) t (nask^ 
equi val enc^C i temo r J t**mo) f ( 1 temor^temo) , ( 1 f 1 aqrmfl aq) r

1 C ktemo, k kte^D^ 
data naskl/o^OOaOO /400a/,nask2/o360360360360/,nask3/o360/r

nask5/oOl00100l0010/,nask6/p010/rnask7/pa/ r 
6/o200/,nask9/ol

data i zero/ . ^ al se . / 
c 
c
c set i nt *»pi or ' f 1 aqs . 
c

if (i jsi . 1 t .0) qo t 0
do 10 i j = 1 j si 1 1 , i j ei +
i t <*mo = * 1 aqs ( i j )
mtemo=j temo.and.maskl
T t emo = 1 temp*?

10 f 1 aqs ( i j 1 =kktemp 
c
c setup for edqe scan 
c

20 if (ijs.lt.O) ao to 180 
ass i on 4fi to i swa 
assion 160 to I'SWD 
edoe= . t rue . 
i j a = i j s 
i jb = i je 
i j s n e w = - 1 

k2 
s k? 

a 
naskf =1

30 i J4b=i 
c
c basic woM scan 
c

do 170 i i = i j a, i j b
mf 1 ao = f 1 aqs C i j + 1 *)
if C M f 1 aq. and. mask) .eq. i zero) qo to i swb, ( 160 t 150)
if (ijsnew.Jt.O) ijsnew=ij
i j enew= \ j

c
c sub word scan
c
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do 140 k=l,4
if ((1f1aq.ana.maskb).eq.izero) ao to 130
ao to iswar(4Qr110) 

c
c r i q H t e d q e 
c

40 if ( f 1 f 1 aq. and.maskd)   eq. i zero** ao to 60
if (cont.1e.arid r i I 4 + 2)) qo to 50
cal1 resetCflaosri}4fnask8)
ao to P 0 

50 if (cont.1e.nridCij4n+?)) ao to 60
cal 1 tracefqrid,f]aqs,work»4fnaskf)
ao to *0 

c 
f too edge

60 if (n <Maq.and.mask9).eq.izero) ao to 80
if (cont. 1 e. ari d( i j*4n + ?)) ao to 70
call reset(flaasfii4rnask<y)
o 0 to 100 

70 if (cont.1e.aridCii4ntl)) ao to *0
cal 1 trace(a r id,flaq«?,workr3rnaskf)
a© to 100

c left edae 
c

80 if ((1f1aq.and.maskl0), ea.izero) go to 100 
if (cont.1e.aridCii4n+1)) ao to 90 
call reset(flaasriJ4 f naskiO) 
ao to 130

90 if (cont .1*. ari dfi J 4+1) ) ao to 100 
cal 1 trace(qMd,flaqSrWorkr2rnaskf) 
OQ to 130 

c
c bottom edae and interior scan 
c

100 if (f1f1aa.and.mask4).ea.izero) ao to 130 
110 if (cont .le.ariafi i4+l)) ao to 1?0 

call r*»set f f 1 aas r i i 4» naskd) 
a0 to 130 

120 if (cont.at.aridCi14+2))
1 call trace(ariarflaasfwork,trnaskf)

c
130 nr»f 1 aa = mf 1 aa/Sl ? 

i J4 = i j'l-l 
i j4n = i i4n-l 

140 cont i nue 
c

ao to 16o 
c
c interior rana<? set 
c

150 if (C1f1aq.and.maskl1).ea.izero) go to 160 
if (ijsnew.lt.O) ijsnew=ij 
i j enew= i j 

160 i j4b=i I4ht4 
c

17° cont i nue 
c 
cfir^ttimer

47



if C.not.edae) qo to l q O 
r.
c update edoe ranae 
c

i j <s = i j snew
i j *» = i j e n e w

180 if (i jsi .1 t .0) qo to 200 
c
c setup for interior scan 
c

edqe=. f a^ se .
a s s i o n 110 to iswa
ass i an 150 to iswb
i j s n e w = - 1
i j a=i j s i
i J b=i j ei

naskb=nas<6

nask f = 
ao to 30 

c
c uodate interior boundary indicies 
c

190 i j ? i =i i snew 
i j ei =i j enew 

c
c end o^ scan 
r

?00 return \ 
c

end

subroutine 
c
c follows contour t^rouah qrid until 
c edqe or closure found. 
c

dimension oridCl)^ flaqs(l)rworkCl)
i nt eoer f 1 aqs
Common /concern/ nco 1 f n row, bmi n f bmax 

1 qrad^aflq^i isri leri lsi»i jeifDrimer

r
loaical nri me,bi t ,oost 

c
c trace and o]ot contour tHrouah qrid 
c 
r
c arid i naex i no 
c siae ? 
^ i <M t till 
c
c siae? side4 
c
c i 0 0 t t i 1 0 
c s i de 1 
c 
c in-- entrance side
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c hiqh-eoual point(inn) always on left when lookinq alonq
C Contour 1 i ne
c iol-- ooint opposite entrance side on left
c ior-- point opposite entrance side on rioht
c

dimension y(lOl)rv(10D
data maskb/o10/ 

c
r set up tracing sta^t 
c

DOS t = P r i me
i = rr o d ( i j 4 , n c o 1 )
j =i j 4/ncol
npt s=l
ic = U

i 0 n = i j 4 + 1
i 1 0 = i 0 0 1 1

i 01 =i OOtnco I
i UsiOltl
qo to (I0,?0r30,4(n , isid« 

10 call reset Cfl aosr i OO-Umaskb)
f r act=fcont-qrid(iOO))/(qridfilO)-qrid(i001)
Call coordf work , i , } f xar ya)
call coord(work,ifl r jf*bfyb)
i o 1 = i 0 1
i o r = i 11
in=l
qo to 50. 

20 fract=(cont-arid(i n 05)/(qrid(ifll)-gp<d(iOO))
call coord(work f i f j f xarya)
call coordCwork f i,jtl f xDryb)
i o 1 = i 1 1 '
i o r = i 1 °
in = 2
oo to SO 

30 frac
call
call coo^d(work f iti,jtl f xbfyh)
iol=i 10
i o i* = i 00
in = 3.
qo to SO 

40 fract=fcont-ariaCilO))/(qrid(i1l)-qrid(ilO))
call cpofd f work , i + 1 , j , xar ya)
call coord(work f itlfjtlfXbfVb)
i o 1 = i 0 0
i o r = i 0 1
i n = 4 

r
c start t rac** 1 OOP 
c

5 n x (npt si =xa-»- (*D-xa) *f ract
y (npt s) =va+ ( vb-ya J *f ract 
if ( .not .pri me.and.bi t C f 1 aqsr i 00-1 r 2) ) go to 60

if Cnpts. 1 e. 1 00 j go to 70 
call conPl ot C x r yr not s f i Cr post f t ) 
qo to 70 

60 if(nots.ea.l) oo to 70
cal 1 conolotfxryrnDts f icfpostf2)
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r
c determine exit side
r

70 k=in+2
if (qri dM or) .1 t .cont ) k = k-l
if (oriafiol).lt.cont) tc = k - 2
if (k-in) 90,80,100 

c 
c saddle decision (dayho^f)
r

60 if ((qrirj(iOO)+qrid(ilO)+qriHti01)+qpid(ill))*0.25.1t.cont) 
1 qo to 1^0 
k = i n + 2 
GO to 100 

90 k=i n

r. compute side 
c

100 g 0 to fl20,l30fl'40fllOfl?0,l30},k 
c
c exit bottom -- side 1 
c

110

Call
if (j.fq.O) qo to 150
i01=i 00
i 00 = i 00-ncol
if ( .not .Di t Cf laasr iOO-lf D) go to ISO
in = 3
i 1 1 = i 1 0
i 10 = i 10-ncol
i o 1 = i 1 0
i o r = i 0 fl
i = i-l
qo to SO 

c
c *»xit left -- side ? 
c

120 fract=fcont-ariaCiOO))/(aridCi01)-qridfiOO))
Call coordtwork,i f j f xafya)
Cal 1 coord(work,i , itl,xbfvb)
if ( i .ea.O") ao to 150
i 1 0 = i 0 0
iO^ = i 00-1
if (.not-bitfflaosfiOO-lfl)) go to 150
in = 4
i 1 1 = i 0 1
i 0 1 = i 0 1 - 1
i o 1 =i 00
i o r = i 01
i=i-l
qo to ^0 

r
c exit top -- si He 3 
c

130 f ̂ act = fcon^-q^iaCi 01) ) /capidCi 1 l)-qrid(i On )
call coorcl(work,i,)t1 f xafyaj
cal 1 coor-dtwork, itl, ?tl , x b r v h )
if ( .not .bi t C f 1 aqs r i 0 l-l , mask) ) QO to 150
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1 qrad/aflqri i s ̂  i } e r i isifi jei,primefij4fContf
2 f 1 tmax , 1 mu 1 t (4) , i dash?/ 1 i oet / s i ama, ns i g 
dimension 1 f f 1 )  
inteoer three 
looical i i r j I * kkf 1 1 * mm
equivalence (it,ii), (three* jJ)*(k,kk)f(l,ll)fOnif mm m) 
data three/3/

1=1 f (j>
mm=i i .and. j j

k=mask* 1 mul t ( i 
i i = 11 . o r . k ̂
1 f f j > = U
return
end

subroutine
Common /concom/ nco 1 ^ n row, hm i n r bmax r 
gradfOflqri Js^i je^i isifi jei fprimeri j4 f contf 
fltmax,1mult(^J)fidashSfl inet^siama/nsiq

di mens i on 1 f ( 1 1
inteaer three, ones
loaical iifjjfkkfllfmm
eaui valence CllfiOfCthreefj j)f(lf/k<) f Clfn)» (mm f mmm)
data th r ee/3/,ones/o777 777777777 /
i l = i
f"m=i i .and. j j

call xor C k t ones , mmm)
j=i/at1
1 = 1 f f j 1
i i=l 1 .and. mm
1 f f j ) = i 1
return
end

subroutine xorfafOrc") 
c exclusive or. upon transport^ 
c for proner function

lonical a^bfC,aD
equi val e'-ceCabr i ao)
ab=a . ana .b
i ab = -l-i ab
c=fa.or.b) .ana.ab
return
end

subroutine coorda(ixadrivadrncol
dimension x(l)
If = i xad
1 =i yad
nco 1 1 =nco ]
i s w = i a u a d
return

qo to ( 10, 1 Or ̂ 0) , \ sw 
10 x v =x(k+i)



subroutine conp 1 ot ( x r y r not s t i c r post r i sw)
co rn mon/conconp| /nco1 rnroWfbminfDmaxfaradfqflqr i j s f i j e/ 

1 i j s i t i jei f pr i me* i j4fcontffltmaxr 1 mul t (4) f i dashs/ 1 i net f 
d s i qtiar ns i 9
dimension v(101)/y(lOl) f xx(aOO) f yy(aOO),xp(100)fVp(100) , temp (200)
looical

i f (nets. 1 e. H ao to 100
i f C i sw.en. t ) nots = 100
i f Cnsi q.ea. 0) go to 150 

c
c check ^or duplicate points 
r

^mt = 0
do 1^ Tit=2fnnts
i f (x f mt ) .eo. x (mt-1 ) . and. v (mt ) .eq. y (mt-1 ) ) qo to 20 

10 continue
ao to 40 

20 do 30 1 t =mt f npt s
if(x(lt).ea.x(lt-l).and.y(1t).eq.y(1t-l)) mmt=rnmt +
1 1 t=l t-mm t
x(l 1 t)=x(l t)
V(1 1 t)=yfl t) 

30 Cont i nue
npt s = nPt s-rrmt
i f (not s . 1 e . 1 ) return

c   
c spH ne DOT nt s 
c

40 CaH kurvl (not s r x f v f s 1 nl , si pn, xp, yp f temp/ Sf si qma)
nnt = (not«*- 1 )*nsio
t 1 = 1. /nnt
t2=-tl
nnt =nnt  * 1
do 50 int=l»nnt
tl = t 1 tf-2
cal 1 kuryc:ftlfXSfys f nptSfX/y»xp/yprSfSiqma)
xx ( i nt ) =xs
vy f i nt ) =vs 

5^> Continue
ao to (60, 90 f 1 10") f i sw 

60 i f (post ) qo to 70

oost=pr i me
ao to 80

70 cal 1 1 »be 1 f xx f yy f nnt r i c f post ) 
8 n npts=l

ic = l
return 

90 call lin^Cxxryy
ic = 0
npts=l



return 
100 xxf l)=*ll)

vy(l)=v(1 )
nnt =npt s 

110 iffpost) go t 0 1?0
call line(xxfyy,nnf,ic*linet)
return 

12^ call 1 ab* K xx ,yy , nnt » i c,post )
return 

c
r. no s o 1 i n i n a 
c

130 ao to(!40, 170, 180) , is* 
140 iffpost) go to 150

call 1 i ne ( * , y , npt s/ i c, 1 i net )
DOS t =pr» i we
ao to 1oO

150 call 1 abe 1 ( x r y, not s, i c* post ) 
160 n p ts=l

ic = i
return 

170 call 1 i ne ( x ,y , npt s/ i c, 1 i net )
npts=l
i C = 0
return 

180 iffpost) go to 1^0
call line(x,y,nptsric,linet)
ret u rn 

190 call 1 abelfx t yr not s, i cr post )
return

subroutine 1'abel fxry*nDts,icc,Dost) 
c
c lao^l scans contour lin* arrav look i no for 
c a straiaht segment.
c if founH, the contour is labelled. 
c

Coromon/labco fT'/charst,fmtc,ncHf,sizerWdist,wdist2rCCor
dimension x(l),y(l),yxa(Uryyafn
common /concom/ ncol r nrow, bm i n, bwax f 

1 grad,aflg,ijsri ieri j si * i j e i , prime, i j 
d fl

character* 1 1> f^tc
inteaer cnarstfb)
loaical nol ab f oost t pr i we
eguivalence ( f r sum) r ( i sar va)
if (nol ah) go to 50 

c
c setu° and scan 
c

is = 2
i s a = 3
suw = 0 . 0
inl=?
i e = n n t s - 1
if (ie.lt.?) go to 50
xb=x (is)
y b = y f i s ) _,



40 i = i sa , i e

10 dist=(x(i )-xb)**? + (yfi)-yb)**2
if (dist.lt.wdist2) oo to 30
Hi s t=snrt (di s t )
if (Csum/dist).qt.l.02) °o to ?0
i e=i
a o to t> u 

20 i s = i st 1

xb = x C i s )
yo = y f i s )
if (is. 1 t . i ) qo to 10 

30 in1=i 
40 continue 

c 
c c a n " t fine «5 p o t r continue line without labelling.

50 call HneCx,v,nptSficc,lin*t) 
c

qo to 7Q 
c
c plottable location. 
c

t> 0 Call Hn<»(x,y,is,iccflinet)
xa = x ( i e) -x ( i nl )
ya = y f i e) -y f i nl )
f=l.-Cdist-wdist)/sqrt(xa*xa*ya*ya)
xa=f*xa + x(inl)
va=f*ya + v(inl)
ohi=atan?(ya-yb,xa-xb)
if (absCohi ) .qt . 1 .S707^b3) pH i =ph i -s i gn ( 3 . 1 a 1 5927, oh i )

xxa ( 1 ) =xa
yy a ( 1 ) =ya
cal 1 1 in<?(xxa(l)fyyafl), 1,0,1 inet)
cal 1 1 ine(x(ie),y(ie),nDts-ie+l,1/linet)
Post=. false. 

c
70 return 

c
c entry to set lanellinn constants. 
c must be called before setlab. 
c

entrv set con ( s i z r ncha)
nc ̂  a ̂ ^nc ha
s i 2 e = s i z
nolab=.not.(ncHar.at.0.and.siz«».nt.O.)
re*" u rn 

c
c ent^y to establish labeling cHaractep strina 
c must be called before label. 
c

ent pv set 1 ab
i f (nol ab) qo t o 80
encodefcHarst , f mtc") cont
nch f = nchar
Cal 1 1 ef t j fcharst ,n c hf )

,.5



ccor=-.b*wdist+size 
60 ret- urn 

end

subroutine sexual O'er) 
c
r general setuo of contour niceties. 
c

d i men s ion i 1 1 C 1 4 ) , i t ? ( 1 4 ) / i 1 3 ( 1 4 )
Character*^ tit1elrtit1e2rtitle3
inteoer f m t x 1 C 4) * f mt vl f 4)
Ch aract e r* 1 1> fmtx,fmty
r.ea) latm/latx/lonamrlonax
dj mansion idim(l)
common/sexy/titlelrtitle?ftit1e3rfmtXffmtyr

1 xx(?)ryv(?)»xDl(4)»vpl(fl)riolotrfSizel /ncharxrnchary/
2 sizexrsizevraHelxraHelvrollXfDllyrHntxtlintyr
3 xscalf»,yscaierxxscal , vyscal f msca 1 e
common/1 lp/1 afr(?) , ] at x (3) r lonam(3) f longx(3) fCm(!^) f baslat (3) r 

1 ioroj rxxxCc:) fVyv(2) rsizeofunit/ ipfneatftintf itpostf i bound
equivalence C t it 1 e I , i t H t ) ) / C t i 1 1 e2, i 1 2 C 1 ) ) , C t i 1 1 e"$, i 1 3 ( 1) ) ,

c

data iorint/6/,idimCl)/0/
c

if (sizex.lt.O.) sizex=0. 
if (sizey.lt.O.) sizey=0. 
if CncHarx . 1 t . 0) ncharx = 0 
if (nchary. 1 t .0) n charv = 0 
if (adelx.lt.O.) adelx=0. 
if Cadel y. 1 t .0. ) ade)y=0. 
if (1 intx . 1 t ^0) 1 i ntx = 0 
if (lintv.U.O) 1inty = 0 
it (sizel.lt.O.) sizel=0. 
if (sizeo.lt.O.) sizeo=0. 
si zel b=l ,5*s i zel

c
c margin reouirement

if (s i ?e* .at . 0 . . and.ncHarx .qt . 0) go to 10 
nc k arx=0
si

10 if («; i zev .at . C .. and. nchary .gt . 0) go to 20

s i z e v = 0 . 
20 if (ollx.le.O.) no to 30

X D 1 (?)=i?1 1*
ao to 40

30 XD! ( T ) = (ncHarx-«-0 .o) *si zex 
40 if (rllv.)e.O.) ao to ^0

vpt (3)=pl Iv
ao to 60 

50 yp1 (^J =

60 dx=xx(?)-xxll) 
dy=yy( ?) -yy ( 1 ) 
cal 1 p1tset(ip1otrrxDlCa),yDH^)fidim)

c
r c H e c < s c a 1 i n g
c

if Cxscal e. 1 e.O . ) ao to 70 5 5
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80 X D ( H=0. 
xp(2)=0. 
vpf1)=0. 
vp(2)=0.

ret urn 
end

suH rout i ne

c spline under tension routine 
r

dimension x (n ) , y ( n ~) , xp (n) r yp (n ) 
c denormalize siame

sicmap=absCsigma)*float(n-l)/s 
r stretch unit interval into arclength distance

tn=abs(t*s)
c for nenative t start search where previously terminated 
c otherwise start from beginning

i f Ct. 11 .0) ao t 0 10
i 1 = 2

1 0 co^t i nue
c determine into which segment tn is mapped 

do 30 i = i 1 , n 
del x=xf i )-x(i-1 ) 
del y = y M ) -y C i -1 J 
dels=sort(del x*del xtdel y*de1 v) 
i t(sum+aels-tn) 20f40 f ao 

20 sumssu^n + de 1 s 
3^ continue

c if abs(t) is greater than 1., return terminal point 
c on curve 

xs=xCn) 
vs = y Cn) 
return

c set up ano perform interpolation 
40 del l=t n-sum

de12=del s-del 1 
exns1=exp(siamap*ae1 1 ) 
sinhdl=.S*fexpsl-l./«xosl)

2)
-t ,/exps) 

exns=exps l*exos 
«?inhR=.5*(exns-l ./exos)

s

(f y(i )-vof i) )*del ItfyCi-l)-VD(i-l) )*ael?)/dels 
i l = i
return 
end

subroutine state 
c
c Plot world aata ban< 2 u . s .boundar i es on contour map 
c

common/1 Tp/1 at^(3) t \ atx (3) , \ onam(3) t 1ongx(3) fcm(3) rbasl at (3)

dimenson xlatC500)yxlonCSOO)yxxC500)fvy(500)
60



rank
real lat"i/latx/lonqmflonaxfllat,11ong 
H ata in/14/, in1 /15/

/bf c ) =a+s i an (br a) * . 0 1666667ts i an (c, a) * . OOOP777* 
at (U , oasl at (?)rbaslat (3))

xl *tx=dmstoa(l atx(1),latx(2)rlatxC5))t.OOOl
H = -l.

nfd pnstod(cm(l) , cm(2) r cm( 3) ) f d) 
= sign(dmstoanonamfl)flongm(<?)f1onam(3))rd)

x 1 onax=si gn (dmstodC 1 onax f 1 ) , 1 ongx (2) r 1 onax (3) ) , a)
if(abs(xlatx).le.abs(xlatm).or.abs(xlongx).le.abs(xl onam) ) 

1 return
open rin,attach="vfile_ >onH ne>Keg>Pgms>wdh2. tab! e n )
open Cini,attacH = ff v <Hle_ >onl i ne>Rea>Pgms>wdb? .dat " f 

1 access="direct")
i f C i pro j .ea. 0 99) go to 60
sfac=39. ̂ 70079
i f f uni t .ea. 1 . ) sfac = t.
i f f uni t .eg. 2.) sfac=.001
i f T ioro j .gt .4) call set al b f i oro j ) 

c
c call witH baslat i cm to determine y(pbs) at baslat 
c

y xxx=pbs
cal 1 proiect fxxxv,pcWfyyfpbsrPCmfS'faCf iproj) 

c
c Plot oounaaries on projected map 
c

10 reaaf i n, end=t 10) 1 i nei 6, rank, np, 1 beg> 11 at , 1 1 onor ul at f ul onq
i f f 11 at .at . xT'^atx) ao to 110
i f Cul at .1 t .xl atm) ao to 10
i f f H ong.gt . x i pnam") oo to 10
i f f ul OHQ . 1 t . x 1 onax ) oo to 10

i f Tmod CnPf SOO) .ea. 0) nrec=nrec-l
i rec = l bea-1
i c o n = 0
r!o 30 i =1 r nrec

i f C 1 .gt .no) oo to 40
i rec = i rect 1
Pe»dCini*irec) Cxlat<'j),xlon(j)r 1 = 1,500)
do 20 lc = lr?UO
Call pro i ect f x 1 a<- (k) , xl on(k) f xx (k) r yyyy,pcmr sf aCf iPro j )
yy fk)=vyvy-ubs 

20 Continue
Cal 1 1 ineCxx^yvr^OO, iconr ibound) 

30 continue
ao to 10 

40 np= np-r 1-500)

readCinl'irec) CxlatCi)fxlonfi)fi=l/nr)
do 50 k= 1 r np
Cal 1 pro}ect(xlat(k)fxlon(k)fxx(k)fyyyy,pcm,sfacf iproj)
yy (k)=yyvy-pbs

50 continue 
Call 
no to 10

61



f olot boundaries on unprotected map where the coordinates
c are in 1 a t / 1 o n seconds
c

60 readf i n, end=t 1 0) 1 i nei d, rank* no, 1 beq, 11 at r 1 1 oncjf u 1 at t ul onq
ifUlat.ot.xlatx) qo to 110
iffulat.lt.xlatm) oo to 60
if(llonq.at.xionom) oo to 60
i f f ul ona. I t . x ] onox ) oo to 60

nDf^OO) .ea.O) nrec = nrec-l 
i rec = 1 hea- 1 
i con = 0
do 80 i = 1 , nrec 
1 = i'*5 0^
i f M .gt .no) oo to 90 
i r*»c=i rect 1
readfini'i r e c) (xlat(j)fX]onfj), |=1,500) 
d 0 70 k=l,500
xxfk)=sianfx1on(lc)rxxx(^))*3600. 
vy C k)=x 1 at ( <) 

70continue

80 continue
qo to 60 

90 n r = n p-f ] -500)
i rec = i rect 1
re»aMnl'i rec) (xlat(O*xlon(Or
do 100 k=l,nr
xxfk)=sionfx1on(k)rxxx(2))*3600.
yy C|c^=xl at f k^*3bOO. 

100 continue
ca^ 1 1 ine(xx»Wfnrr icon f i bound)
GO to 60 

110 c 1 o s e ( i n )
c 1 o s e ( i n 1 )
return

subroutine llpost 
r
c Dost lat-lona tick marks on contour man 
r *or longitude *>ast set 1 onox < lonom 
c

common/1 lp/1 atm(?) t 1 atx(^) , lonam(3) f longx(3) fCm(3) fbasl at (3) f 
1 ioroj rxxx(2)rvyv(.?) rsizepfunit, iplotrrneatftintr itpostf ib

i nteoer a/ a 1 / ct ( 1 )
real 1 at m, 1 at x r 1 onnmr 1 onqx
dimension a(3), Z x(100), Z v(100),ilod(100), 

1 i1om(lOO)rilad(100),ilam(lOOJri1as(lOO),i1os(lOO)

conm/. Olb6667/r cons /.0002778/, a 1 /"-"/, ct/ n t"/fnum/100/ 
dmstodfaafb,c)=aatsian(braa)*conmtsionCcfaa)*cons

iffabs(cm(1)).ct.360..or.abs(baslatCl)).qt.90. <) return 
nbs=dms tod fbasl at(l) r bas1at(2)rbaslat(3))

x1onax=d stod(lonqx(l),lonax(2)f1onqx(3)) 
d = -l.

.] t.abs(xlonam)) d=l.
d(cm(l)rCm(2)fCmC3')J/d)
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xl onax=siqn(xl onaxrd)
xlatm = dmstoa(latm(l)flatm(;?),latm(3))
x1atx=Hmstbd(latx(l)rlatx(?),latx(3))+l.e-5
i ftabsfxlatx) .le.absfxlatm>) return
t i nt=abs(t int )
x i nc = t i nt /60 .
i d1 =i nt ( t i nt*60 . )
ia2=sianfidlrd) 
sfac=39. 370079 
i f f un i t- .eq. 1 . ) sfac=l. 
i f funi t .*»q.d. ) sfac=.001 

10 if(ir>roj.qt.4) call setalb(inroj)

cal 1 pr i ct 1 
c
r aenerate lat-lonp tick values 
c

lonqx(1 )=

Ionqx(3)=absflonaxf3))
i Ipdf i)=1onax(l )
i lpm(l)=1onqx(?)-awoH(lonqxC2) rtint)
nosCl)=lonqx(3)-amod(lonqx(3)ffloatCid2))

do £0 i =?
7x f i ) =?x <" i -1 ) +* i nc
1 abl = 1 at>1 ti.d?
i IpdCi )sint (float (lab 1 ) *?. 777777*e-4)
Homfi ) = int (float (labl-i lod(i ) *3600) * 1 .6666 667e-2)
i lost i )=1 ab 1-i loH(i )*3600-ilom(i )*60
i f f zx ( i ) .qt . i 1 onqm) ao to 30 

20 continue 
30 n]on=i-l

i 1 edCl)=latmCl)

labl=ilad(n*3600ti)amfl)*60-»-ilam(3) 
z v f l)=Hmstodf i 1 ad( 1) , i 1 am(l ) , i 1 as(l ) )
do 40 i=2

1 abl =1 abl +id1
i laoTi )sint (f loat (1 abl )*?. 777777 Pe-4)
il am(i ) = i nt (f loat (1 abl -i 1 ad( i )*3600)*1 . 666666 7 e- 2)
i Msf n = l abl-i 1 ad(i)*3600-i lamCi )*60
i f f 2v(i ) .gt .xlatx) qo to 50 

40 cont i nue 
50 n 1 at=i -1

no«? = . false.
t mnrt i nt * i tpost
i f f tmp-ai nt ( tmo) .eq. 0.) nos=.true.
nom= .false.
i f(amod(t i nt*f 1 o»t (i tpost) ,60.) . eq. 0 . ) nom=.true.
Js = 0
i e = n 1 a t
HO 60 I = 1 f n 1 at
cal 1 prjctl (zyfi)r?x(l)fdum f vaistfDcni f sfaCf.iopoj)
vdist=vaist-vD
iffydist.qe.wv(l) .and. js.eq.O) Js = j
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if(ydi«5t.le.vyv(?)) ie=j 
oO con t 1 nue

i f C j s. ea. 0) i s = i
i s = 0
i e = n 1 on
d 0 70 i =1 , n 1 on
cal 1 prjctl (zy(js)/zx(i),xdistfdumrpcm,sfaCfiproi)
iffxdist.qe.xxx(l) .and. is.eq.O) i s = i
i f f xdi st . 1 ft .xxx ( ?) ) ie=i 

70 continue
i f r i s.ea.O) i s = l 

c
c n]ot lonoitude labels 
c

do 80 i = i sr i * , i tno?t 
i 1 o H ( n )

1 latlab(t.rOrsizeDrxHistryvy(l)rilod(i)fi1om(i)f

ifCinlotr.ea.l .or. iolotr.ea.4) go to 80 
Cal 1 prjctl (zyfje)fZx(i)fxHistfdumrpcmfSfac/1proJ). 
cal 1 lat1aH(-l. r O r si?eD^xaistfVyv(?)ri1od(i)r11om({)r 

1 ilosCOrnoSfnom 1) 
80 continue 

c
c nlot latitude labels 
c

do 90 jsjsr J>r 1 tPOSt
cal 1 prjctl (zy(j)f7x(is),dumfydistfpcmfSfaCfiproj)
yaist=vaist-yD
ca"! 1 latldb(\l.rlrsizeprxxx(l)rvdistri ladfj)filam(j)/

i f f i ol ot r .ea. 1 .or. iplotr.ea.^i) go to 90 
ca] 1 prjctl CzyCj)*7'xMe)fdumfydist,pcmfSfaCr
Vdi st =vdi st-vo
cal 1 l?»tlab(.-l.,l,sizeo,xxx(2)rydistfilad(j),nam(j),

1 i 1 as C j ) r nos r nom) 
90 cont i nue 

r
c olot lat-lono r^arks 
c

do 110 i=isrie 
1 00 d 0 110 j=js,ie

cal 1 prjctl (zv(j>,zxCn,x,v,ocir»,sfaCfiProj) 
v=v-vb
Call C K ar(x,V,CtCl)»1r?rSZr0.r0. r O.)

110 continue 
return
*nd

subroutine lat 1 ab(side/latfSZfXfVfjdfjm r iSf 
external cr a r ( desc r i ot o rs )

ef* c3*3r c?*? t c 1 * i , cs*4

lonical no^ec r not< i n 
data i cs/oOi+PoOO^OOOOO/ 

c cs is double quotes
ifCjni.ne.O .or. is.ne.O) nomin = . false.
iffjs.ne.O) nosec=. false.
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*o*=3.*sz 
ifMat.ea.1) go to 10

xc=l .5*sz
i f f nosec ) xc = 0 .
i f f n o mi n ") xc = -t.S*sz
no to 30 

10 v 0 *=0.
i f ( s i de.ea.-l . ) ao to ?0
xc=6.*sz
if(nosec) xc=4.*sz
i f ( npmi n) xc = sz
ao to 30

20 x c =3.*sz*side 
30 encodef c3,4Q) id 
40 ^ormat ( i 3)

ci="o n
Cal 1 char(x f y f clflf2fhszfO./-xc f hsztvofD 
iff nomi n ") return 
encode (c?»^0) im 

50 ^ormat (i?)
Cal 1 cHarCx,y,c2f2f2fS?fO.,sz-xCfYof)
cl="' n
cal 1 cHer(y,v,clflr2fSZf0.rxof-xc/yof)
if(nosec) return
<B ncodefc?f C 0) is
xof =xof tsz

ci=cs

cal 1 chap(x f y f clflf2fSZf0.fXof-xCfVof) 
return

** *******
subroutine hi 1o«( jx,zmaxf jnn,zminfWr j refine?, iw^sizel 1 

c
c routine to olot h or 1 symbols at local maxima/minima on contours, 
c 'loca 1 ' is defined by a search radius in aria units/ parameter 'iw' 
c is the window size ... ?*radius+l« 
c coded bv f̂ ike w e b r i n g 1/60. 
c

dimension w(nc?riw)r ixCnc2)rJm(nc2)fZmax(nc2)fZmin(nc2)^ iref(iw)
character id*56,o*8
data low/7*/, i H i ah /72/, dv/o37b777777777/
read(lO) i dr o, nc t nr , nz r xo f dx , yo f dy
iffnc.lt.iw .or. n z . o t . 1 .or. dx.ea.O. .or. 

1 dy . ea . 0 . ) return 
c

i h t- = 0
i ] t- = 0
i h w = i w / 2
i hwl = i Hw + 1
JVMt=0

m i d 1 = i H w 1
j wl =i w-f 1
1 m*- x = nc^-i Hwt 1
do 20 j = 1 , i w
do 10 i=l,nc? ,.
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i f C i swt . 1 t .-1 0") i dbr = 0
i f f i swt .1 t .-?0) idbr=l
i z = i abs C i swt )
iffiz.ot.lO) i ? = i z - 1 0
i f ( i z . a t . 1 0 ) i z = i z - 1 0 

90 cont i nue
i f f i br> 1 00, t 10, 12° 

100 readf 1 1 , i f p*t v,end=?00) sx,sy,sz
OQ tc 130 

110 readf 1 1 t end=?00) sx r svr sz
no to 130 

120 readfl 1 / end=?QO J bidfSx f sy,bz
s z = b z ( i z ) 

130 iffnid.en.O) go to 140
call m»tchCnidfcMd f bidfisvm)

C

14^ caM char ( sx r sv , j cH f 1 f 1 / szoost f 0 . r 0 . f 0 . )
QO to(150,170),icb'' 

150 ifCidbrJ If>0rl70rl60 
1bO encode^starf^tv) s?

Cal 1 char(sxfSV f sta,ncHar,?fSizelfO.,xofffHsz) 
170 if f idbr) l^Or 1*0, 1*0 
180 sta=bid

1=labl
call left j 'star 1)
cai 1 cHa«*(sxfSVfSta/1 f ?fSizelf 

190 if f ibp)lOO, llOr 1?0 
200 return

  KXTTxirxTrTrTX

subroutine prjctl(vlat,xlon,x,v,cmfsfac f ippojt)

c call projection routines 
c

double precision y1 r x1 , xt r yIr deqr
data deqr/.017
y1=dble(vlat)*deor

ao to flO,20f30 f ao,50,SOf50),iDrojt 
10 cal I. pol v( vl ,x1 r xl r y 1)

a© to 60 
20 call utm^wd(ylrx1,xl f y1,ier)

oo to 60 
30 cal 1 m*»rc t r (y 1 , x 1 f x 1 f y 1 )

OQ to 60 
40 cal 1. 1 *mbrt (vl ,xl , xlrvU

no to 60
5^ call albepsCvl rxl rxlrvl ) 
60 x = snql f xl ) *sf ac

y = snal f y 1 ) *s f ac
return
end

su^rout i ne 
c
c call projection routines 
c

double precision ylrxlrx1*yl

x]r able(abs(cm)-abs(xlon) ) * . 0 I745329d0
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oo to (10,?0,30,40,50,50,50),iprojt 
l n cal1 polv(v1 ? x1 i x1 r yl)

Qo to 60_ 
20 Cal1 utmfwd(y], x l,xl,yl)

QO to 60 
30 call merctr(ylrxlrxl,y1)

OQ to 6u 
40 cal1 1amnpt(yl,xl,xl,yt)

HO to 60
50 call albersCy1 t xl , xl,y1J 
bO x=snal r x 1 ) *sf ac

v = <?nol (yl )* s f ac
return
end 

 *****+*******
subroutine polv(phi,dlamn,x,y)
double precision phi,dlamb^xc , x,y , a,b^t , q,phi2rc1^c2

1 b.3762064027l8907d Ob fxc*(
2 -3 . 167^ I73 c>3 ci03b7bd Ob txc*(
3 2.47880 c5037 c;7«2^3d 05 +xc*(
4 -3 .53u7 1 039b43<5220d 03 +xc*(
b -b.565371848?40i?7^ 02 +xc*(
b b.8?2 ci3 c'b c; l727l ?4d 01 +xc*(
7 -2.888«b0980 q;06b1 Id 00 ) ) ) ) ) ) 
h(xc) =

1 3 . 1 89 1 03<£006 1 R349d Ob +xc*(
2 -2.1 1 5?7S8S734S9 e>bd Ob +xc*(
3 4.14475843l7283?5d 05 +xc*(
4 -3.b?5?954?73b89?8d 04 +xc*(

b 4 .427163005616ttS3d 01 +xc*(
7 -6 ,b3o73P70I658902d 00 +xc*(
8 4.27918340141361 Id-01 ))))))) 
o(xc)=

1 b . 33503438b6b244bd Ob -*-xc*(
2 2.14409449b6I40^3d 04 +xc*(
3 -4.182P26973Sl?467d 03 +xc*(
4 3.b09°9531b780b35d 02 fxc*(

3 &.333050bl37210«3d-03+xc*(
4   1.9^0 Q 04o08528b95d   0'4-
5 2.b051bSb38?54101d Ob 
Ph*2 = pM**?

c2=(cl*t <> pHi2))**2

*b (nh i 2) *t C .25dO*c2) **2  »  phi*qfphi?) 
return 
end

**

c 
c
c PURPOSE...
r. TO DETERMTNF PA?IC Uf^ CODRDIATFS FROM LATITUDE
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c ANu LONGITUDE INRI'T. CLARK 1866 SPHEROID CONSTANTS.
c
c USAGE..
c CALL UTMFWD(PHI,DLAM,X,Y,IEP)
c
c PARAMETER DESCRIPTION..
c PHI - INPUT LATITUDE JM DOUBLE PRECISION RADIANS.
c DABSCPHI) J..T.1.39b3 (80 DEGREES).
c DLAM - INPUT LONGITUDE IN DOUBLE PRECISION RADIANS.
c HABSCDLAM) ,i_T. 0.06109 (3.5 DEGREES).
c NOTE.. DLAM MEASURED FRO* CENTRAL MERIDIAN.
r x - PROJECTED COORDINATE IN METERS FROM THE
e CENTRAL MERIDIAN (DOUBLE PRECISION).
c Y - PRHJFCTED COORDINATE IN METERS FRQM THE
r EQUATOR CDOuRLE PRECISION).
c IE* - ERROR RETURN CODE.
c TER=0 SUCCESSFUL COMPLETION.
c IER.NE.O ERROR IN PHI OR DLAM INPUT.
r
c REM.AKKS..
c THIS ROUTINE is ACCURATE TO i METER. ABSOLUTE
c ERROR LFSS THAN .5 M£T£RS.
c NEAREST CENTRAL MERIDIAN M A Y BE DETERMINED EXTERNALLY
c 6Y . .
c CN = nsTG*'(1 0*OODO,LUN)+ATNT(SNGLCLON/21600DO) )*21600DO
c *HE D E LHfM IS LONGITUDE IN DOUBLE PRECISION SECONDS.
r FALSE EASTING (500QOQ METERS) AND NORTHING (0 FOR
c NORTHFRN LATITUDES, 1000QOOO M£TERS FOR SOUTHERN
c LATITUDES) EOR TRUE UTM COORDINATES MUST BE COMPUTED
c EXTERNALLY.
c \
r. SUbRQUTTNES AND FUNCTION SUBPROGRAMS REQUIRED..
r. NONF
r
c DEVELOPED AMD CODED BY..
c GERALD TAN EVENDEM
c U. S. G^OI OHICAL SURVEY 
c

Subroutine utmfwH(Dhi ,dl a m » x r y )

e orerision D^ i r dl am, y , y f dl ?, o
c
c CHECK INPUT PRA METERS.. 
c

am
if (n . 1«.1 . 

1 ao to 1 0 
i er = -l 
return 

c
1 o i er = ̂» 

c 
r DETERMTiME PROJECTED COORDINATES..
c

v = oh i * f

3S9.9«lHO-p*-i3.267dO)))
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3 -dl?*r-3lP7827aO+D*C21l4440dO+p*(-4l4363.5dOtp*f
4 36344. 6dO-p*i u 20.3dO)))
5 -d12*(1334Q35dOto*C-?3 c56027dO+D*f'l37J758dO-p*

.35dO+p*50.89dO)
2 -
3 4ti5045dO-p*5?022dO))))) 

c
return 

r
end

subroutine merrtr(1 at , 1onq,x ry
double orecision l*tflona»XfVr
data a/6378206.dO/,ha 1fpi/1.57079632679489dO/, 

1 b?da2/9.9323l52°0«18l86d-l/
x   ̂  * 1onq 

c
c connpute ?/? 
c

z = 0.5dO*fhalfpi-datan(b2da2*dsinnat)/dcos(laO))
v=a*dloq(dcos(z)/dsin(z))
return
end
*** 

subroutine 1ambrt(1 at/1onq,xry)
double precision 1 at f 1ona,x ,y,2, k f 1 f r/b2da2,half01 r theta
data k/1.2452655458272 <?6d7/, 1/6. 3049^8344 052458d-1/, 

1 b?aa2/9.932315290818I86d-I/,halfpi/I.5707963267^489662dO/

compute z/?

c comoute coordinates
r

t h*»t »= 1 * 1 onq 
x = p*dsi n f t het a)

return 
end 
 ***- 

subroutine aloers(vlat/x1 on r x f y)

double precision y 1 at r x 1 on/ x r y f n? rhol sa r s i nbt 1 f t woc2n r
1 nus^na) s^nhawr r^o ? 9 c; / rho55 f rhoSrtcnusrtcnal Sftcnhaw,
2 atfb,clfd»elfflrafhfthetafrhofSinbetfSinphi ,s?f
3 sbt?9 c: ,sDt55, sot8 
data a1 /° .95^8n4334645567d- 1 / , b/^i . 49?02460774588Pd-3/r

1 ct/ :5 .736435 Q 896664aOd-5/f d/1 . 7639^2 1662^9?99d-7/ r
2 e1/1 . lo^6l457 7 272?88d-9/,f 1 /7 . 7 1 4P6548 772780 4d- 1 2/ ,
3
4
5 nH aw/ ?. ?4 1096394 31 46 37d-l/,rho295/8. 491 Q692396 7458dl3/ r
6 r^o55/1.60630Ro73895u8ldl3/^ rH 0 8/7.943986660586?85dl4/,

72



7 trnus/1.34oU7092l*92769dl4/,tcnals/9.409410*4e453636dl3/,
8 tcnHaw/ 3. 622296555079059dl4/,sbt 2^5/4.90 735 1753 17961 ld-1/,
9 sb t 55/6. 179290545 058 7868d-l/,sbt8/ 1.385562096 187223d- I/ 
s i nph i =ds i n ( yl at )

rhn=dsart(rholsq+twoc2n*(sinbt1-sinbet)) 
t h<°t a = n*x 1 on

return 
c 
c set up constants
r

entrv setalb(iproj)
i f Ciproj-6) 10, ?0r 30 

10 n = nu s
rholsa=rho295
sinot I=sbt295
t w o c ? n = t c n u s
return 

20 n=na1 s
rho 1 sa^rho^S
sinbt I=sbt55
t woc?n=tcna 1 s
ret u rn 

30 n=nhaw

sinbt l =
t woc2n=tcnHaw
ret urn
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