The Basics plus Plotting in X-Y Space

GENERIC MAPPING TOOLS (GMT)




Goal - make scientific illustrations (“generic”
of GMT is generic:to geo sciences)




Goal - make scientific illustrations

Maps

- Color/bw/shaded topography and
bathymeftry,
- Point data (earthquakes, seismic or gps
stations, etfc.),

- Line data (faults, eq rupture zonés, roads),
- Vector fields w/ error ellipses;
- Focal mechanisms
--3D surface
- Cross sections
-'Profiles
- Other stuff




What is GMT

GMT is an open source collection of~60
tools (and and-additional 35 support tools)
for manipulating:geographic and €artesian

data sets

(including filtering, trend fitting, gridding,
projecting, etc.)




What is GMT
Produces PostScript File (PS).

Make illustrations ranging from simple x-y

pblots to contour mapsto artificially
illuminated surfaces and 3-D perspective
Views




GMT supports ~30 map.projections and
fransformations and comes with support
data such as GSHHS coastlines, rivers, and
political boundaries.

If it does not have a map projection you
want: it is open source and UNIX.
(i.e. you can do it yourself)




Design Philosophy

Follows the design philosophy of UNIX -
filters (linear, single data stream):

data —'processing — final illustration.

Processing flow-is broken down to a series of
elementary steps.

Each.step is accomplished by a separate
GMT or UNIX tool (machine shop philasophy).




Design Philosophy

Behefits (UNIX only has benefits)s

(1) only a few.programs.are needed
(in the world where 60+35 is.a "few”, maybe they are referring to'the log.of the

number of programs.)

(2) each program is small and easyto update
and maintain

(maybe - alternateiis each taskiisisubroutine that is small and easy o maintain)




Design Philosophy

BeneﬁTS (UNIX only has benefits)s

(3) each step is independent of the previous
step and the data typeiand canitherefore
be used in a variety of applications

(4) the programs can be chained together:in
shell scripts or,with pipes; thereby
creatinga process tailored to do/a user-
specific task




Design Philosophy

GMT was deliberately written for command
line usage, not.a windows (or interactive)
environment, in order to maximize power

Clnd fleXIblllTy (i.e. it 4s hard.to use).




Weritten by Paul Wessel and Walter Smith
while graduate students at Lamont Doherty/
Columbia University in the mid 80's whenthe
SUN workstations came out (and UNIX took

over the world).

(Now at the Universiﬂ/ of.-Hawaii and NOAA
respectively

The GMT homepage is: gmt.soest.hawaii.edu




GMT documentation

Tutorial
Technical Reference and Cookbook

(aka'Manual)

both availableion web

http://gmt.soest.hawaii.edu/
in HTML, PDF ;and PostScript format.




As is standard with UNIX

GMT is well documented with (UNIX’style)
“man’ pages (also on web).

Entering GMT program/filter name all by
itself, or-errors in the command
specification (switches, net data) that cause
GMT to fall over - dumps the man page to
standard.error.




What does/can GMT do?

-Filtering.1-D and 2-D data

(simple processing, GMT is NOT a general
Number Cruncher)

output is reprocessed data




Plotting-1-D and.2-D data

-'points, lines (symbols, fill, geologic.symbols
on faults, etc.)

- vector fields




2-D images - grayscale and color,
ilumination

3-D pérspective of 2-D images

histograms, rose diagrams
Text

focal mechanism beachballs




Data preparation
gridding, resampling, conversion
Confouring
data base: extraction, merge

cross sections

projection/map transformation (map sphere
to plane)

output.is reprocessed data

Bookkeeping and bunch of other stuff




GMT Processing Output

1-D ASCIT Tables — For example, a (x;y)
series may be filtered and.the filtered values
output.

ASCIT output is-written to the standard
output stream.




GMT Processing Output

2-D binary (netCDF or user-defined) grid
files

Programs that grid ASCIT (x, y, z) data.or
operate on existing grid files produce this
type of oufput.




GMT Output

Reports - Several GMT programs read input

files and report statistics and other

Nearly a

information.

| programs-have an.optional
“verbose” operation, which reports on the
progress of computation.

Such text is written to the standard error

stream




GMT Output
The bulk of GMT output goes to

PostScript

The plotting programs all use the PostScript
page description language to describe the
output.

These commands are stored as ASCII text
(they are a program in the POSTSCRIPT

language).




output is."PostScript™ program - generally

ascii.-text but not too readable.
(GMT filesican get amazingly BIG)
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GMT Output

If you are really ambitious, you can directly
edit this file using vi...but in general, don't.




GMT Output

Postscript is translated by postscript capable

(usually.laser) printers.

(it is an'extra feature one has to buy).




GMT Output

Postscript is also the native language of

- Adobe Illustrator/Photoshop

- ghostscript,

- ghostview.




GMT Output

I frequently use Illustrator to edit GMT
produces Postscript prior to using the

figures in‘papers,‘presentations, or posters




Apart from the built-in support for
coastlines, GMT: completely decouples data
retrieval/management from the main GMT

programs.

(puts the onus on user! UNIX philosophy)

GMT uses architecture-independent file
formats

(flat files - least common denominator).




Effective use of GMT is really effective
application of the UNIX philosophy.




Installation/Maintenance - done for us
(by- Mitch.-- THANKS.

Somewhat complicated, not for average
user.)

Setup - basic'setup done.for us

(don't have to define GMTHOME  path, etc.
if use standard CERT .login and .cshrc files)




Installation/Maintenance.
Some common data sets

(6TOPO-30, ETOPO-5, Predicted bathy,
etc.)

are installed

“.gm'rdefGUITS" (generic, is .gmtdefaults4 for version 4) flle In
your home or.working.directory.

(if you've copied something from‘the tutorialior gotten a script from someone
else and it comes out “funny”, the "default’ settings may be the culprit).




Easiest way to get started

1)Find system with GMT already set up

2) Get working program (shell script) from
someone else and modify (hack).it.

Lots examples in

- Tutorial
- available-on www

- available from your "friends"




What goes on in GMT
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Sources of operational parameters/job
control

i) command line options/switches or
program defaults

i) carried over from execution of previous
commands

1) from your:.gmtdefaulis file

(first in working directory if exists, if ~exist,:then in your home directory if
exists, finally, system/program defaults)




Sources of operational parameters/ job
control

Why a defaults file?

- Yoo many parameters to require setting all
explicitly (powerful)

- customize - can have different defaults in
different directories




Basic GMT use

Most GMT programs read input from
terminal (stdin)or files, and write output to
terminal (stdout) (a few write to files).

To write output to files one can use UNIX
redirection:

GMTprogram switches >> Outputfile




Most GMT programs will accept input-file
names and pipes in lieu of stdin

GMTprogram ‘input-file switches >> Outputfile
GMTprogramsswitches <sihput-file >> outputfile

Someprogram | GMTprograml' | GMTprogram2 >> outputfile




Many GMT programs will also accept input

redirection (in-line input) - reads whatever

follows -- up to character:string XXX -- as
input.

GMTprogram switches << END >> output-file
s e N
424 72




Can also.do with "commnad substitution”:

GMTprogram switches << FIN >> output-file
“someprogram swithches < input-file..
FIN

Some GMT programs require input-file
names
(usually when need more than one'input file)




GMT and scripts

GMT commands, once installed, act much like
regular Unix commands.

Generally, the commands are enacted within

a_shell script so that:they may be combined
with-other unix commands such as awk.

bash and.csh are the most commonly
encountered in-academia and passing down
GMT scripts is how much seismology gets
illustrated




Use Comments!

Comments are very popular fo ignore but if
you don't comment your script, 2 years later
you may not remember what you were doing.

The spaces and blank lines make your script
readable. While it may take more paper if
you print it, it only takes tworbytes to make
new line or<a space.




Keeping track of yoursscripts

You will be glad (someday) if you set up
directories and subdirectories to keep your
maps, data; and scriptsiorganized.

Mitch suggests have something like this in'~/
GMT

csh/  data/ ps/ ' scratch/ sh/

There is a directory for csh scripts, for sh
scripts, for data files, for postscript files,
and for scratch files.




OK lets look at some “simple”-examples:




Plot x!/2 from O-to 100 as a dashed line with
red triangles with green borders at x=n*10,




OK'lets look at some examples:

1) We:start by making-the basemap frame
for alinear x=y plot.

2) We.want it 1o go from O 10 100 in x,
annotating every 10, and from O to 10 in y,
annotating every 2.




3) The final plot should be 4 by.3 inches in
size.

Note GMT does not madke any helpful
assumptions such as

a) You want to plot the whole x and y range
of the data and

b) You want it tofit nicely’on thepage
You have to specify EVERY THNG (comes
underithe excuse of being "powerful”)




I Here's how we do it:

psbasemap -R0/100/0/10° -JX4i/3i -B10/1:."My first plot": -P \
>1-plot.ps

We will first look at how the requirements
above are specified o 'make the map.

This is done using the command line options/
swifches:




Requirements 1 and 3 are specified to GMT
together

1)We start by making the basemap frame for
a linear x-y plot.

3) The final plot should be 4 by 3 inches in
size.




psbasemap draws a'map frame-and sets-up
the map parameters (so.-they dont have to
be re-specified in later GMT program calls)

The -J option selects the type of projection

In this cdse we want a linear x-y plot; or no
projection, which is specified by

xX.or X.




There are 25 projections available in GMT,
each specified by.one letter.

There are no provisions for providing your
own projecton.

(short of using the open source to roll your
own.)




- Requirements 1.and'3 are specified fo GMT
together

The -J option dlso sets the axis scales
(distance per unit, x) or (axis length, X)

Where the “unit” is specified in .gmtdefaults
or explicitly - inches, i, or cm, c.

psbasemap -R0/100/0/10 -JX4i/3i -B10/1:.'My first plot'": =P\
>1.plot.ps




2) We want it to'go from'O to 100 in x,
annotating every 10, and from 0 to 107in y,
annotating every 1.

This is-really two conditions

i) We want it to go from O to 100 in x, and
from O t0.10 in y.

Specified by the REGION (-R) option, which
(in the usual form) is

-Rxmin/ xmax/ ymin/ ymax




2) Wewant. it to go from O o 100

-Rxmin/xmax/ymin/ymax

Notice that unlike MATLAB, GMT does not
make any assumptions about what you want

(such as the reasonable one that you just might want the region to show all the

input data).

You have To specify every detail. (i.e.
powerful)

(why should the writers of gmtiwork hard when they can convince the user that

it is "better” if the usersdo!l)

psbasemap -R10/70/-3/8 -JX41/31i -B10/1:."My first plot": -P A\
>lrplot.ps




There are two forms-for the-=R option

1) For projections where the boundaries
follow lines of latitude and.longitude
("rectangle” on sphere) - specify sides.




There are two forms-for the-R option

2) For regions where the sides do not follow
lines.of latitude and longitude (will make

more sense when we do_map projections) -

specify. corners by appending an "r" to end
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Idea of "region’ to plot specified this way
breaks down for azimuthal projections

(outside border of plot is a.circle, you really
want to specify center and radius)

will see some examples later.




2) We want. to annotate x every 10, and y
every 1.

This.is specified by. the -B option (Border?).

This is the most complicated GMT option,




Annotation - every 10 for x (first one) and
every 1“for y (second one). If you wanted
the same annotation for x and y you would

not have to do it twice

psbasemap -R0O/100/0/10 -JX4i/3i -B10/l:."My first!plot": =P\

>1

plot.ps



Not.in specs, but controlled by the.-B’option;
the plot title.

This is a little'more complicated.

ltabels are between colons: with

" for plot title,
nothingfor x axis label,
" \" for y-axis label.

If label/title is more than one word, has to
be.in double guotes.

psbasemap -R0/100/0/10 -JX4i/3i -B10/l:."My first plot": -P -\
>!1 plote.ps




- Lt This sounds confusing you can look at.the
man page for.psbasemap for the full
explanation and more examples.

The man page for the -B opTion; however, is
practically incomprehensible.

The BUGS section of the'man page states

‘The -B option is'somewhat complicated to
explain and comprehend. However; it'is
fairly simple for'most applications (see

examples).




Remaining options/switches

P

Sets the output to Portrait (longside
vertical) mode.

"Default”.is Landscape (long side horizontal)
mode.

psbasemap -R10/70/-3/8 -JX4i/3i -B10/1l:."My first plot": -P -\
>1 plotesps

This option actually switches "states”.




Remaining options/switches

If .gmtdefaults defines portrait mode as the
default, then -P will send it to landscape.

(make a figure and see how it comes out, if
you don't like the orientation stick in a -P).




So, what.did ' we get for all-our effort?

My first plot
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Good start - but usually.we make plots to
show some sort of data




Now let’s look at a more complicated
example:
Lets call it “full_court_press:sh”

#17/bin/sh

#plot isquare root: x

sampleld -I1 << ENB |. nawk "“{print S$1, sgzt(S$1l)}' > £S0} 1l.dat
0

100

END

psxXy: -R0/100/0/10 -JX4/2 3=Ba20gl0/a2flg2WSne -W5tl5 15:0:\

-Y2 -P {S0} 1li.dat -K.>;$0.ps

sampleld {$0} 1l.daf -T10 | psxXy =R ~JX4/2%-St0,2 .\

-G255/06/0 -W5/0/255/0 -Q >> $0.ps




#!/bin/sh

#plot square roéot. x

sampleld -¥1 << END. | mawk '{print $1l, sSqrt($1)}' > {$0k-1l.dat
0

100

END

psxy -=R0/100/0/10. *JX4/2 -Ba20gl0/a2flg2WSne ~W5t15 15:0 .\

-Y2 =B. {$0} 1.dat;-K > $0.ps

sampleld {S0} '1.dat -I10.'| psxy -R =JX4/2 -St0.2 \
-G255/0/0 -W5/0/255/0 =0 >> $0.ps

This is a little more than “a little more”
complicated.




#!/bin/sh

#plot square roéot. x

sampleld -¥1 << END. | mawk '{print $1l, sSqrt($1)}' > {$0k-1l.dat
0

100

END

psxy -=R0/100/0/10. *JX4/2 -Ba20gl0/a2flg2WSne ~W5t15 15:0 .\

-Y2 =B. {$0} 1.dat;-K > $0.ps

sampleld {S0} '1.dat -I10.'| psxy -R =JX4/2 -St0.2 \
-G255/0/0 -W5/0/255/0 =0 >> $0.ps

But it follows the UNIX philosophy - a

bunch of simple things stuck together to do
something more complex:

Gives you the idea that most useful GMT

produced figures are going to be a LOT of
GMT calls




Here's what the output looks like

Hll (actually the-outputiis a aseii file containing a PostScript-program, this«is what
it looks like after displaying with GhostScript or printing to a PostScript
printer).




Let'slook at-it piece;buy simple piece.

Set shell

#!/bin/sh
#plot square root x
sampleld -I1 << END | nawk ' {print $1,

Set shell'to Bourne Shell:

Could also have set it to csh

(change first line to #!/usr/bin/csh -f, this works because this.script does not
contain anything that is specific to one shell script - such as variable name
definition. Use -f, fast, option which stops it from running your .cshrc).




Next piece

Name the output file.

psxy =R0/100/0/10 -JX4/2 -Ba20gl0/a2f1g2WSne+<W5t15 1520\
~Y2.=P {$0} 1l.dat -K'> $0.ps

sampleld {$0} 1l.dat -I10 | psxy -R =JX4/2 -St0.2 \
~G255/0/0 -W5/0/255/0 -0.>> $0.ps

Being lazy and disorganized - T don't want fo
have to type the output file hame in'lots of
times nor keep track of which shéll script
made which postscript file in my directory.




Next piece

Name the output file.

psxy -R0/100/0710 =Jx4/2 “Ba20g10/a2f1g2WSne -W5€15.15:0 \
Ly2 P {$031.dat -K >$0.ps

sampleld {$0} l.dat =I10 |. psxy -R =JX4/2 -St0.2 .\
~G255/0/0 -W5/0/255/0 -0 >> $0.ps

So I want to find a short and easy way. to
name the file and I might want to associate
the output file name with the name of the
shell script that made ift.

Enter UNIX argument passing to the rescue.




When you call a.shell script, the.system
passes predefined, pre-named “arguments”
to the shell script from the command line.

Soif I enter

“myscript argl arg2”

UNIX automatically gives me (in this case 3
arguments)

SO the 'name of the®shell script
$1 the value of argl'(character 'string)

$2 the value of arg2




All'T have to do to use these arguments in
my shell script (within some constraints) is
stick them in.

The Shell will expand them fo their/proper
values.

So my-output. file will.be named

*full_court_press.sh.ps”,

since . $0 will get expanded to
*full- court_.press.sh”

(the name of the shell script)




Next piece.

Get (actually make) input data - part 1

#1V/bin/sh

#plot 'square reot x

sampleld =I1 << END | .,nawk '{print $1, sqrt($l)}' > {S0}.1.dat
0

100

END

psxy =R0/100/0/10 =JX4/2 -Ba20gl0/a2flg2Wsne -W5tl15 15:0 \

~y2' —p {$0} 1.dat =K > $0.ps

sampleld {$0} ‘1.dat -T10 /| psxy -R -JX4/2 -St0.2 \
-G255/0/0 -W5/0/255/0 -0 >> $0.ps

sampleld, resamples the input - which.in this
case is-redirected (<) To being.obtained. in-
line from this file.(from end of the command
line' -~ which is somewhat far away - to END).




#1/bin/sh

sampleld -Il << END | nawke '"{print $l4y sqgrt(Sl)}& > {$0} l.dat
0

100

END

psxy =R0/100/0710. ~Jx4/2 =Ba20g10/a2flg2WSne -W5t15,15:0 \

-Y2 -P {$0} 1.dat =K > $0.ps

sampleld {$0} 1.dat -I10 | psxy -R —=JX4/27-St0.2%\

~G255/0/0 =W5/0/255/0 =0 >> $0.ps

We have to specify the resampling step
¢ -I1, which is steps of 1)

We will leave everything else at the default
values. (see.man page if you want more info)

sampleld provides to standard out a list of
numbers from O to 100 in steps of 1.




Next piece. Get input data - part: 2
We want 'x and sqrt(x)

#1/bin/sh

sampleld -I1 << END | hawk ‘{print $1, sqgrt($1)}' > {S$0}'1l.dat
)

100

END

psxy -R0/100/0/10 -JX4/2 ~Ba20gl0/a2f1g2WSne -W5t15 15:0 \

-Y¥2 -P {$0} 1l.dat'-K > $0.ps

sampleld {$0} 1l.dat -I10 | psxy =R -JX47/2%=-St0.2 \

-G255/0/0 -W5/0/255/0 -0 >> $0.ps

Pipe theire-sampled data into the program
nawk.

nawk is a great tool for preprocessing data
for GMT.




Next piece.
Generate input data - part 2

Using nawk, one does not have to write
programs to make intermediate files in GMT
input format, but can go right to the source

data'file, read it, modify each line.intfo GMT
input format and pipe this directly intothe
GMT program.

sanpleld -I1 << END | nawkK '{print $19 sgrt(S$1)}* | .psxy =
RO/10070/10° \

—~JX4/2: -Ba20£10gl10/a2f1lg2WSne -W5t15 15:0 -Y2. =P =K > $0.ps
0 .0

100 O

END




Next piece.
Generate input data'- part 2

sampleld -I1 << END ‘| nawk '{print $1, sgrt($1)}' | psxy -
RO/100/0/10° \
~JX4 /2. <Ba20£f10gl0/a2flg2WwsSne =W5t15 45:0/-Y2 “P¥-K.> $0.ps

0 0
100. 0
END

The nawk command 3ays o print the first
column($1) and the square root of the first

column (sqrt($1)) of every line.

We will (break the UNIX philosophy and)
make an intermediate file as we will need it
more-.than once.




Next piece.

Plot it

#!/bin/sh

#plot square root x

sampleld -I1 << END | nawk '{print $19 sgrt($1)}* >.{S0} 1l.dat
0

100

END

psxy -“R0/100/0/10" -JX4/2 -Ba20gl0/a2f1g2WSne .-W5t15'15:0. \

-Y2 -P %80} .1.dat =K > $0.ps

sampleld {$0} l.dat -I10 | psxy -R -JX4/2 -St0.2 \

-G255/0/0 -W5/0/255/0 -0 .>> $S0.ps

Finally we get fo GMT

psxy-is the GMT program that plots points
and lines.




#1/bin/sh
#plot 'square root x

sampleld -Il << END | _nawk '"{print $1, sqrt($l)}' >'{$0}.1.dat
0

100

END

psxy -RQ/100/0/1Q -JX4/2 -Ba20gl0/a2flg2W8ne -W5t15 15:0 \
-¥2" -P. {$0} 1.dat. =K > $0.ps

sampleld {$0} ‘1.dat -T10 /| psxy -R'-JX4/2 -St0.2 \
-G255/0/0 -W5/0/255/0 -0 >> $0.ps

psxy .accepts.the "standard®/‘global” options

of the GMT filters that produce PostScript
output.

We already know what -R;"-J, -B and P do;

although the -B option here is a bit more
complicated looking.




#1 /bin/sh

#plot 'square root x

sampleld —=I1:<< END ‘| nawk' '{print $1, sgrt($l)}'' > {$0} l.dat
0

100

END

psxy -R0/100/0710 . -JX4/2 -Ba20gl0/a2f1lg2WSne -W5t15.15:0 \

~Y2 -P {s0}'1l.dat -K >"50.ps

sampleld {$0} l.dat =I10 |. psxy -R —-JX4/2 -St0.2 :\

~G255/0/0 -W5/0/255/0 -0 >> $0.ps

Output file $0:ps (new - is first instance,
append in second ~ this takes care of UNIX
part)

Use \ to continue command on next line




Next piece.

psxy -R0/100/0/10 -JX4/2-Ba20gl0/a2f1g2WSne -W5t1l5 15:0 \
-Y2 =P {$0} l.dat -K >'$0.ps

So, what's all that extra stuff on the -B?
Each of.the letters controls a dif ferent
feature/aspect of the'plottingof the axis




psxy =RO/100/0/10 -JX4/2 ~Ba20gl0/a2flg2WSne 4=W5t15 152 0pX
2 VAP BOY < 1 JER SRR AR 30 P8

a is for.annotation spacing

f is for frame (famous map frame of black/
white bars - turned off for x/X, ticks)

g is for grid'spacing

WSne says to plot the annotation and ticks
on the West and South sides and ticks only
on the north and east sides.

(how would you put annotation without ticks?)




Next piece.

Draw a line -W5t15 15:0

psxy =R0/100/0/10. *JX4/2 -Ba209l0/a2flg2WSne -W5t15 15:0 \
-Y2 -P {$0} 1.dat;-K > $0.ps

0 20 40 60 80

100




L ‘Make line 5 unifs thick (where units depends
on the device and default settings)

-WhHt15 15:0

0 20 40 60 80

100




Can-also specify color
-W5/0t15 15:0 for:black line or
-W5/255/0/0t15 _15:0 for red line

psxy. =R0/100/0/10 -JX47/2 -Ba20gl07a2f1g2WSne*=W5t15 15:07"\
-Y2:-P: {$0}. 1.dat '-K >.50.ps

0 20 40 60 80

100




Make-it dashed with dashes 15 units long
followed by 15 unit long open spaces -
W5+15 15:0Q, and a “phase offset” for the
dashes of zero -W5115.15:0

0 20 40 60 80

100




.
compare to’-W>51t120_15:60

(line seginent 120 long, 15.blank, first line segmeni 60 long [phase])




This.format also works
W][width],[color] [texture]

-W5,0,15_15:-

Gives.-the same plot.




Next piece. Misc. 1
#!/bin/sh
#plot square root x
sampleld -I1l << END | nawk '{print $1, sqrt(sl)}' > {$0} l.dat
0
100
END
psxy =R0/100/0/10' -JxX4/2 -Ba20gl0/a2flg2WSne.~W5t15’ 15:0,-\
-Y2 ' -P {$0} 1l.dat -K > $0.ps
sampleld {$0}zl.dat -I10 | psxy -R =JX4/2 -St0.2 \
-G255/0/0 -W5/0/255/0 -0 '>> $0.ps

-Y2 offset plot 2 units in the Y direction
(else x axis labels get cut of f across bottom

leadin
paper edge



Misc -2

#!/bin/sh
m #plot square root x
sampleld -I1l << END | nawk '{print $1, sqrt(sl)}' > {$0} l.dat
0
100
END
psxy =R0/100/0/10' -JxX4/2 -Ba20gl0/a2flg2WSne.~W5t15’ 15:0,-\
-Y2 -P {$0} 1l.dat -K > $0.ps
sampleld {$0}zl.dat -I10 | psxy -R =JX4/2 -St0.2 \
-G255/0/0 -W5/0/255/0 -0 >> $0.ps

-K do not close PostScript file

-O-do’not initialize Post Script




-K do not close
PostScript file (don+
output "showpage?) ' SO MOre

-0 ommits the header. POSTSCP'PT can be
appended to the file

BODY,
2nd trough n-1'th overlays -O dO not lanK]llze

BODY, (does not output PostScript header

stuff) SO This can be
TRAILER | -Kommits the trailer. appended to existing
file (that hopefully
does not have a
showpage at the end).

[ HEADER ]
| require both -0 and -K. Pos.i.scr, | p.'.




Misc. 3
Several common _‘gotchas”

~.no’showpage (can'see on.screen,.but does
not print - actually prints a blank page) (have
a-Kinlast GMT call)

= showpage in middle of file (forgot the -K
somewhere) - only get part of file on screen
or in final print or get ghostscript error
message:

- Have header inmiddle of file (forgot -0
somewhere), get ghostscript error message.




Next piece:
Draw symbols every 10™h-point

#! /bin/sh

#ploet square froot x

sampleld«-T1 << END ¢| nawk '{print $1, sgrt(3L)y' > {S0} lidat
0

100

END

psxy =R0/1007/0%/10 -JX4/2-~Ba20gl0/a2flg2WSne -WH5t1l5 15:0 '\

SR Pl (00 IRRdEh PK > SRS

sampleld (S0} Iudaf -I10 [ psxy -R =JX4/2 -St0.2 "\

=G255/0/0 -WS5A0/255/0 =0- 3> 50.ps

Resample our L A
temporary file - L AT
taking every 10™ Byaneeees

point. Pipe output . [N R R
to psxy ..........




Next piece.
Draw symbols -510.2

sampleld {$0}ilidat -I10 /| ‘psxy -R -JX4/2 -St0.2 \
~G255/0/0 =W5/0/255/0 =0 >> $0.ps

Make triangles, 1, 0.2 -units big -510.2
Make line‘outlining/drawing the symbols 5

units'wide, and draw-them in.green (R/G/B).-
W570/255/0




Fill symbols color red (R/G/B) -6255/0/0

Colors specified in R/G/B format

(intensity of Red, Green and Blue color guns - primary colors for additive




We're donel

That wasn't so bad:now, was it?




There are two other non-map-projected
forms

1) Logarithmic - add | (lower case letter L)
after scale’of axis you want’logarithmic -
JX4l72




2).Power/exponential -'add.p and exponent
-after scale of axis you want exponential-(can
scale axes individually)

-JX4p0.5/2




Common command options on first, and
possibly subsequent; calls

Need on all calls

-R . ‘Define region for plot -~ will' need on
first call and at least "-R" on subsequent

-J = define projection for plot - will need
this on all calls if:need to:define region




Common command options on first, and
possibly'subsequent, calls

(Generally) Need on first call only

=B Borders -- annotation; frame, grid. Only
need on first (or'a single) call.

-P Switch between landscape and portrait
modes

-X. Shift X axis
-YShift Y axis




Common command options on first, and
possibly subsequent, calls.

Need when needed.

-K'Don't close.PostScript (showpage), use
when more will follow

- need on all-but last GMT call

-O Don't initialize PostScript, use when
appending to pre-existing file

- need on all’but-first GMT call

- use both -K and -O when putting a large
number of GMT call outputs together




Common command options on first, and
possibly subsequent . calls.

Need when needed.

-V Verbose (prints out stuff to standard
error for user).

-H "Header'records'(tells GMT to skip first
H lines of ascii input file)




28N

26N

24N

22N

64E

68E

23l How about

making

pretty
MAPS?

(this was

m 26N

made by
the shell
script I
put-in
Mitch's
BGMT -ToT
web page.)

24N

7T0E 72E



Map-projections available in GMT

N— GMT PROJECTIONS

E = Equal Area /

GEOGRAPHIC PROJECTIONS

CYLINDRICAL CONICAL AZIMUTHAL THEMATIC OTHER

Basic [E] Albers [E] Equidistant Eckert IV + VI[E] Linear
Cassini Lambert [C] Gnomonic Hammer [E] Logarithmic
Equidistant Equidistant Orthographic Mollweide [E] Exponential
Mercator [C] Lambert [E] Robinson Polar

Miller Stereographic [C]  Sinusoidal [E]

Oblique Mercator [C] Winkel Tripel

Transverse Mercator [C] Van der Grinten

UTM [C]

Figure 1.9: The 25 projections available in GMT.



List of "standard”
I~ - command line
options.

The =J option sets
the “projection”

One has to look at
the man page for
~eachoneas
“different things
vary"
We will now look at the

examples from the
tutorial

STANDARDIZED COMMAND LINE OPTIONS

-H I ndeaders l

=Bxinfo|vinfo|/zinfo] || WESNZwesnz + || titfe ] Tickmarks. Each oo is
[a]ticl mlc][fricl mie] gtk me] [ 1p [ Tabel™ [ unit™:]

ASCII tables have header record|s]

—J (upper case for width, lower case for scale}

Map projection ( sze below)

—JAJono/ lato) width

Lambert azimuthal equal area

=IBlono lato Mlaty flat fwidth

Albers conic equal area

=JClon, lat, width

Cassini cyhndrical

—IDony laio laty] Ltz width

Equidistant conic

=JElon, Mlat, fwidth

Azimuthal equidistant

=IFlonglat, fhorizon fwidtn

Azimuthal Gnomonic

~JGlono/ lato/ width

Azimuthal orthographic

—JHion, fwidth Hammer equal area
—Jliono/ width Sinusoidal equal area
~Jon width Miller cylindncal
=JKon, fwidth Eckert I'V equal area
~JKslon width Fckerl V1 equal arca

—JLlono/laty [lat [lat Jwidth

Lambert conic conformal

=IMwidth or —~IMIon.Jlat, Jwidth

Mercator cylindrical

~INlong width

Robinson

~JOalono/Taty [az/width

Oblique Mercator., 1: ongin and azimuth

=JOblon, Mlat, flon, Mlat, fwidth

Oblique Mercator, 2: two points

=JOclong) lato) lon ¥ laty M'width

Oblique Mercator. 3: ongin and pole

=JP[awrdth| forigin

Polar [azimuthal | {6.r) (or cylindricaly

=JQlon "widin

Equidistant cylhindnical (Plate Camrae)

~JRlong ) width

Winkel Tripel

=JISlong Mlat, fwidth

General stereographic

=JTlonq width

Transverse Mercator

—JUzone fwidth

Universal Transverse Mercator (L'TM}

=IVlon, width

Van der Gnnten

~IWiony/ width

Mollweide

—IXwidih| l]_p| [Theight] |'|_p 1]

Linear. log,, and x*-»" {exponential}

—IYlongflatswidth

General cylindrical equal area

-K Append more PS later
-0 This 15 an overlay plot
-P Select Portrait onentation

~Rwestieastsorth/north|/zmin/zmax||r|

Specify Region of interest

—Uldveav [label]

Plot time-stamp on plot

-3 Run in verbose mode

~X|alof Shitt plot origin in x-direction
—Y|aoff Shitft plot origim m y-direction
—CCoples Set number of plot copies [ 1]

Expact ywx mput rather than x/v




pscoast¥®=R-90/-70/0/20 ~-IM61, P -B595 -G180/120/60 > mapl.ps

"All" gmt progrdams
plot "maps"
through the
projection
command line
option or switch

(even the x-y plot).




pscoast¥®=R-90/-70/0/20 ~JM61, P -B595 -G180/120/60 3> mapl.

All projections
glve.you two
selections for
specifying the

scale

(note GMT takes the mapmakers
attitude that a map has to have'a
predetermined/knewn scale -
nicely filling the page does not
cut it.)




pscoast¥®=R-90/-70/0/20 ~JM61, P -B595 -G180/120/60 3> mapl.

-dmparameters

(Mercator [C]).
Specify ane of: -

Jmscale or —-JMwidth

Give 5cale-alohg

equator
(1:xxxx or UNIT/degree).




pscoast¥®=R-90/-70/0/20 ~JM61, P -B595 -G180/120/60 3> mapl.

~Jmlon0/lat0/scale or

~IJMIlon0¥ latO/width

Give central
meridian, standard

latitude and-scale

along parallel

(1:ixxxx or UNIT/degree, UNIT =
number' inches or.cms).




Merca’ror' Pro J@CTIOH

One way to address plo’r’rmg spher'e ona.
plane (whuch is whole 'nother SUbJZCT)

Com‘ormal (mamTams shapes)

. Cylindrical projection 7

Contral mencian
[selected by mapmaker)

Graa csiontion
n high lattudes

Examples of rhumb lines
Igkrechon frue betwoon
any two points)

Equater touchaes cyindar
f cyinder is tangect

Reasorably trus
shepos and dslances

within 15° ol Equanor




pscoast -R-130/~70/24/52 ~3B-100/35/33/45/6i -B10g5:."%Conic\
Projection": =N1/2p: -N2/0:25p, -A500 -G200 -WO..25p =P, > map.ps

Regionis Conic Projection
“rectangle” on

the spherical
earth.

-N for

boundaries

(international, US/
Canadian/Mexian state

bounddries "built in’);

rivers.




pscoast -R-130/~70/24/52 ~3B-100/35/33/45/6i -B10g5:."%Conic\
Projection": =N1/2p: -N2/0:25p, -A500 -G200 -WO..25p =P, > map.ps

-A to get rid Conic Projection
of small

water/island
features

Projection (b/
B) - need to
. know
something
(center and
‘standard
parallels).




pscoast -R-130/~70/24/52 ~3B-100/35/33/45/6i -B10g5:."%Conic\
Projection™: "\, -N1/2p" -N2/0.25p*~A500 =G200 =W0.25p =P >!lumap.ps

Conic Projection

~Jdblofd0/ latQ/flatl/ Tat2/ scaleOr *IJBlon0/fTat0/Tatl/ lat2/width

(Albers.[E]). Give projection center, two.
standard parallels, and scale (:xxxxor UNTT/degree).




‘Albers ©

Also conformal (maintains/conseryes shape)

- Conical projection




pscoast ~R0/360/-90/90/-3G280/30/61i ~Bg30/gl5 =Dc -A5000:\
-G255/255/255 =s150/50/150 =P. >! map.ps

azimuthal
orthographic
projection mimics
looking at earth

from infinite
distance.




pscoast ~R0/360/-907/90/-3G280/30/61 +~Bg30/gl5 =Dc- =A5000 '\

-G255/255/255 =s150/50/150 =P. >! map.ps

New option

-D¢

Controls
resolution of
coastline

f full
h high

| low

¢ crude




Some useful
. maps..
The-world:.

centered on’
Memphis.

Use'fo get
“back
azimuth and
distance to.
earthquakes
at a glance.




N O TE Station MEM Map

L GMT will fall
over in this
projection.if

there.is land
at the anfti-

pode and

you tryto
fill it.

(fill should be donut
between coastline‘and:
outside of map’but =
PostScript

interpreter - WhICh
does fill - will- do
something else).




Part I of shell script

Set stuff up

#19%bin/sh

#call with" “stn' az, map ‘lat Ton name”
ROOZ=/gaLa/home/ smalley
WORLDCOAST=0/360/0/180
RED=250/507/50
BLUE=50/50/255
GREEN=50,/255750
MOREPS=-K

ADDPS=-0

CONTINUEPS="-K -0
FILL=200

SCALE=1.75

XOBEFSET=0.75
YOFESET=1.5
GRIDCNTR=180/907/7/90
OUTPUTEIEE=S0$34ps

rm SOUTPUTELLE

Notice abundant "comments” (use variable
names. that are self documenting)




#set up map to be centered on lat lon ‘given :in_command line

#draw crude coastlines, ocean'blue, land green

#do not draw.lat leng grid- (no frame specs on —B, could put w/next)
pscoast —-RSWORLDCOAST =JeS$1/$2/$SSCALE/180 <B:."Station $3 Map!': -
S200/200/255 -G200/250/200..~Wl -Dc -P SMOREPS -XS$SXOFFSET -YSYOFFSET >
SOUTPUTFILE

#set up nhew map centered on north pole and draw only the lat long grid
psbasemap -RSWORLDCOAST -JeSGRIDENTR -B15gl15 &0 -K >> SOUTPUTFILE

#RESET map to be-centered on lat lon given in ' command Lline
#to put on somerearthquake data read from' this file
#data specified in lat long.order, psxy assumes long lat (x,y) so

#use thegp”-:"” switch ¢to .let psxy know (anothergcommon gotcha)

psxy —-RSWORLDCOAST =JeS$1/$2/$SCALE/180 -=S¢0.1:<G250/250/50. <W1/0/0/0
SCONTINUEPS #=% <<END >> SOQUTPUTFILE

-9.09° 158744

35435 78.13

END

#add plate boundaries, notice;don’t have to respecify details of
regionfand projection but do need —R -Je

psxy =R -Je =M$ -W1/S$RED $SCONTINUEPS SROOT/ptect/ridges >> SQUTPUTFILE
psxy - =R -Je =M$_-W1/SGREEN SCONTINUEPS SROOT/ptect/xforms >>
SOUTPUTFILE

psxy -R =Je '=M$, -W1/SBLUE, SADDPS $ROOT/ptect/trenches >> SOUTPUTFILE




Another version of an
I azimuthal, equiangular
map centered on Memphis
and’it's anti-pode.
Now. it's a lot easier to
identify landmasses on
the other.side of the
globe by their shapes.

Also shows that great
circles (the radial lines)
converge at-the anti-

| pode.

(also solves antipode fill problem)




eifldrick et al, 2003

Nazca-South America Euler pole

Data pletted in South America reference
frame using oblique Mercator projection
referenced to Euler pole

(points on South America plate have zero - or near zero - velocities.).

Plate motion follows lines of latitude

(horizontal lines).




Typical task:

Somebody gives you a file:with earthquake
dClTCl (and if you are lucky a description of the file)

So we have

lat in col 8, lon in col 9, depth in col 10 and

magnitude in col 11

ZDEQ 64 1 1 5 14 26.776 37.285 143.002 26.9'4.4 0 15 27.0229 5

1.82 7.21 2.95 %200.86 ) 0 1 5
DEQ 64 1 1 12 21 58.64 -6.872 129.763 111.1 0.0°0 58 95.0280" 7

529 6.21 2.69 66.°99" 1= 511 Bhr 2}




We can use the following nawk command (can

Iput’it into shell script) to produce GMT
output for psxy -lat long and magnitude for
example (psxy can scale the symbols.from
the data - use magnitude for scaling).

I'usually do it on the fly and pipe or suck if

into.the GMT program. If it's needed inmore
than one place —put it in‘a temporary file:

nawk-'{printss9) 58, $¥l}/ EBH.HDF

Produces the following output for GMT

143002 37.285 4.4
129.763.26.872-0.0




So what do we do with our nawk command

nawk {print $9,.88, S11}' EBH.HDF

You can put this intfo GMT several ways

If this-is the only file you want fo plot --this
would work

nawk “L{print. $9,%$8, $11}'. EBH,HDF | pxsy .




If you had a number of files that needed
conversion you could' do it this way (only need
one psxy call)

pPSXy .. << ENDj..
“nawk /' {print $9,/$8, S11}' .EBH.HDE"

END

Converting each file on the fly.




I-If you wantto do the same thing fo a list of
files

filelist="SSAMPATA/eq-rupt~1995.dat: SBEM/eg-rupt=1960.dat”
for FILE in..Sfilelist

do

psxy =R —-SPROJSSCALE -MS$S -=¢ SCONTINUE ~WSLINETHECK/SPURPLE
SFILE :\

SVBSE. >> SOUTPUTFILE

done

Other ways to make list

(noticehe different kinds of quotes: ", and ")

filelist="1s -1 SROOT/dem/topocontdurs/andes#3000 *"

contourlist=‘YF 2 3 4’




Some-other nawk tricks - doing math and
pGSSing VClr'iC(bles T0 nC(Wk (quote heaven)

SCALE= ‘echot"$ STNDTMLON*"| \
nawk ‘{print ($1>=02$1:360+$1)"/""S${JTRESCALE} 1'#’$SFACTOR"}% =




