CERI Tools of the Trade Seminar Series
Wed, Oct 17, 2007
GraPhics (maPPing) with GMT
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(reneric Mapig Tools Graphics
http://emt.soest.hawaii.edu/

Has online dozumcntation, mailing list with
archives, etc.



Goal — make scientific illustrations (“gencric" of GMT is generic to
geo sciences) — include

color/bw/shaded topographg and bathymetrg,
Point data (earthquakes, seismic or gps stations, etc.),
line data ({:aults, €q rul:)ture zones, roads),
vector fields w/ error e"ipscs,
focal mechanisms,
Etc.
MaPs
3D surface
Cross sections

Other stuff




From the GMT tutorial

GMT follows the UNIX Philosc;rl‘ug in which comrlex tasks are
broken down into smaller and more manageab e componcnts.

Individual GMT modules are small, easy to maintain, and can be
used as any other UNIX tool.

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

ﬂcxibilitg.

Software stands between the user and the machine. — Harlan D. Mills



From the GMT tutorial

We standardized earlg on to use PostScnPtoutPut instead of
other graphics formats.

APart from the built-in support for coastlines, GMT complctclg
clccouplcs data retrieval/ management from the main GMT
programs. (Puts the onus on user! UNIX Philosophg)

GMT uses architecturc—-inclepcndent file formats
(Hat files — least common denominator).

A sortware mogui usually Dill Gates, but sometimes another makes a sPcccln. fthe
automobile industrg had d?:velopecl like the software inclustrg, the mogul Proclaims, we
would all be driving $25 cars that get 1,000 miles to the gallon. To which an automobile
executive retorts, Yeah, and if cars were like software, t ey would crash twice a dag for
no reason, and when you called for service, theg’ d tell you to reinstall the engjne. -
Anonymous



What is “Unix Pl‘nilosol:)l‘lg"?
(can computer oPerating systems have a “Phﬂosophy 72)

Doug Mcl lrog

(DMake each program do one thing well.

Todoa newjob, build afresh rather than complicate old programs
by aclding new features. (no bells and whistles)

The onlg way to learn a new Programming lar;gguagc IS bg writing programs in it. ~-Dennis
Ritchie



What is “Unix Pl‘uilosopl'lg"?

Machine 5|10P VS. appliance
(gives you the tools, you to make aPPIiancc}

Advantage - POWERFUL
Disaclvantagcs
- Lotsof reinventing the wheel
- Requires more educated user (user hostile)

- Requires more work from user rather than clcvelopcr
(can UNIX/GMT do this? No, but YOU can write a Program!)

Programming can be Fun, SO can crgptographg; however t]*zeg should not be combined. -
Krciizbcrg and Shneiderman



“UNIX Pl’!ilosophg -

(i) Expect the output of every program to become the inPut to
another, as 3et unknown, program.

(GMT breaks this rule a little - final outl:)ut S usua"g PostScriPt —
which is input toa sPeci{:ic program called a PostScriPt
interpreter.)

Don't clutter outPut with extraneous information.

Umcortunatelg this may make things comcusing for the uninitiated
user.

Output is for “next Program" in a pipe, not the user.

Simple things should be simPIe and complex things should be Possible. -Alan Kay



“UNIX Pl’!ilosophg -

Alsoidea/use of — redirection (<, <<and >, >>), command
substitution (...")

Idea of “filter” -

program takes inPut from Standard IN,
does somctl‘:ing to it and
sends it to Standard OUT

(notice that — only considers singlc inPut source and the “user”
is not part of this model).

Put lots of single minded programs in a row to do what you need.

Ang fool can write code that a comPutcr can un&crstand. Good })rogrammers write codc
that humans can understand. ~Martin Fowler



“UNIX Phi'osophy 9

(i) Continued
Avoid stringentlg columnar or binarg inPut formats.

(Avoicl, but sometimes necessary. Not c|osc|9 followed in GMT.)

Don't insist on interactive inPu‘c.
This does not fit in with use of PiPes.
Control implcmentccl bg use of “command line switches”

(strictlg followed in GMT)

The trouble with programmers is that you can never tell what a programmer IS doing until
it's too late. ~5c=,ymour Cray



REVIEW

Write programs that do one thing and do it well.

(lean and mean)

Write Progra ms to work togetlﬁcr.
(Pipes)

An interactive debugger IS an outstanding examplc of what is not needed - it encoura%cs
trial-and-error hac KINg, rather than systematic clesign, and also hides marginal people
barclg quali{:ied for Precision Programming. ~ Harlan D. Mills




Write programs to handle text streams, because that is a universal
interface.

(Fine if you're a sgstem programmer, not alwags so useful for

scientific data crunching. Scientific data oftentimes binary.)

The UNIX Philosophy was followed as strictly as PossiHc in the
clevelopment of GMT:

(set of 60+ stand alone “filters”/ programs
55+ supplementarg Filters/ Programs)

Effective use of GMT is rca"? effective aPPIica’cion of the UNIX
Phi osophy.

Debu Ing is twice as hard as writing the code in the first Place. Therefore, if you write
the code as clevcrly as Possible, you are, bg definition, not smart enough to cbug it, -
Kernigan



output is . PostScriPt" program— genera”g ascii text, but not too

readable. (GMT files can ge?f: amazingly BIG)

Map boundaries

1050 1050 1050 0 360 arc S
1050 1050 1074 O 360 arc S

24 W

1050 1050 1062 -135 -90 arc S
1050 1050 1062 135 180 arc S
1050 1050 1062 45 90 arc S
1050 1050 1062 -45 0O arc S
1050 1050 1062 -90 -90 arcn S
2 W

[] OB

End of basemap

[1 OB

Trailer

$BoundingBox: 0 0 647 647

Reset translations and scale and call showpage
S -295 -295 T 4.16667 4.16667 scale 0 A

showpage
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So what does/can GMT do?
Filtering 1-D and 2-D data

— simple Drocessing
~GMT s NOT a gcncral Number Cruncher
(use FORTRAN == FORmula TRANlator
or
C tfollowed Ianguages A and B}
or

somcthing else that’ s aPProPriate.)

~ outpu’c IS reProcessed data

The software isn't finished until the last user is dead. ~An0nymou5



So what does/can GMT do?

Plotting 1-D and 2-D data — includes
Points, lines (sgrnbols, fill, gcologic sgmbols on faults, etc.)
vector fields
2-D images — gragscale and color, illumination
3-D Perspcctivc of 2-D images
histograms, rose cliagrams

text

focal mechanism beachballs

It's OK to Figure out murder mgsteries, but you shouldn't need to Figurc out code. You
should be able to read 7. ~Steve C McConnell



So what does/can GMT do?

Data Prcparation
griclding, resampling, conversion
contouring
data base: extraction, merge

cross section

Projection/ map transformation (maP sphcrc to Planc)
~ output IS rcProccssecl data

Bookceping and Bunch of other stuff

Program testing can be used to show the presence of bugs, but never to show their
absence! ~Edsger Dl]'kstra, [1972]



GMT documentation
) Tutorial

i) Technical Reference and Cookbook

— both available on web (http: // gmt.soest.l‘lawaii.edu/) as
HTML on line
PDF
PostScriPt

i) UNIX “man” Pa%es — available on web and also as standard
man pages on local installation.

iv) Entering GMT GI:Jrogram/ filter name all bg itself, or certain
errors in comman sPcci{:ica‘cion (switches, not data) — clumPs
man page to standard error-.

Programs must be written for People to read, and onlg incidcnta”g for machines to
execute. ~Abelson and Sussman



Tutorial —
Installation/Maintenance - done for us (bg Mitch — THANKS.
Somewhat complicatccl, not for average user.)
SetuP ~ basic sctuP done forus
(don’ t have to define GMTHOME, Path, etc. if
use standard CER/ .|ogin and .cshrc files)

- Some common data sets (GTOPO-%0, ETOPO-5,
Predicted batlng, etc.) are installed

. .gmtclemcaults" filein elily home or working dircctorg

(hc 3ou’ ve c:oPiccl somcthing from the tutorial or
%c:tten it from someone else and it comes out
the

“Funny", “default” settings may be the culPrit) .

l program, therefore | am ~Assaad Chalhoub



Tutorial —

Easiest way to get started

1) Find system with GMT alreaclg set up

2) Get working program (shell script) from someone

else and moclhcg thack) it.

Lots cxamples in

~ Tutoria
- availab

- availab

€ ON WwWw

e from your “friends”

When I am working on a problem, | never think about beauty. 1 think onlg of how to solve
the Problem. But when I have finished, if the solution is not beautiful, 1 know it is wrong, -
R Buckminster Fuller



Choice of shell/ scril:)ting language —~

| use tcsh (variant of C Shell) as the basic interactive shell (1 think
this is the default at CERI. i.e. if you don’ t know what I’ m talking

about 3ou’ re using this one.)

| use the “Bourne Shell” (sh) or “C Shell” (csh) for shell scritps,
clel:)encling on where the “seed” came from. Othe(rj)opu ar shells -
NIX a

ksh, bash, zsh, rc, es. (the “beautif: /" Power" of

to roll your own if you don’ tlike what’ s avai

IOWS HOU

able.)

Minor differences between tcsh and csh or s

N may mean that

something that works from the command line does not work in a

shell scriPt. Frustrating.

When debugging, novices insert corrective code; experts
Fattis

remove defective code. -R.



Choice of shell/ scril:)ting language —~

from the GMT tutorial

“All the examples in this tutorial assumes (sic) you are running the

cshell; if you are using something different then you are on your
»”
own.

| will take the same attitude — but most of my shells are in sh.
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Alzheimer's Law of Programming: Loolcing at code you wrote more than two weeks ago IS
like looking at code you are secing for the first time. ~Via Dan Hurvitz




Sources of operational Parameters/job control
) command line oPtions/ switches or program defaults
i) carried over from execution of Previous commands
1 from your .gmtclc{:aults file
(First in working clircctorg it 3
if ~3, then home directorg if 3
{:ir(aug, system/ program defaults)
Whg a defaults file?
- too many parameters to recluire setting all cxPIicitlg (Powcrf:ul)

- customize — can have different defaults in different directories

Act in haste and rePent at Ieisurc; Code too soon and dcbug forever. ~Raymond
Kennington



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

GMTprogram switches input-file

- Some GMT programs will accept inPut~Fi|c names, Pipes and
inPut redirection in lieu of stdin

~- Some GMT programs rec!uirc inPut~{:i|e names (usua”g if need
more
than one input file)

From a programmer’s Point of view, the user is a Peripheral that types when you issue a
read request. -P. Willams



Basic GMT use

GMTprogram switches input-file > output-file
GMTprogram switches input-file >! output-file

“The exclamation Point (1) overwrites existing files.
This may fall over if the file is not Ere-existing, behavior ma
clcpcn on whether you are in an ‘interactive shell” or “shefh
scrip’c" and which shell you are using,

Don't get suckered in bg the comments -thcg can be tcrribly mislcading: chug onlg the
code. ~-Dave Storer



Basic GMT use
GMTprogram switches input-file >> output-file

~ aPPcncl outPut to cxisting file (cannot be combined with D
GMTprogram switches < input-file >> output-file

- Some GMT programs will ac:cept redirected inPut

Someprogram | GMTprograml | GMTprogram2 >>
Output-file

(or | 1p i you are brave)
- prepare input using other program and PIPE to GMT
- Some GMT programs will ac:cept Pipecl input

Those who do not understand Unix are condemned to reinvent i, Poorlg. - Sloenccr



Basic GMT use
GMTprogram switches << XXX >> output-file

Stuff..
XXX

- Some GMT programs will acccpt in-line inPut ~ reads
whatever follows -- up to character stringXXX -~ as inPut.

USuany looks somcthing like

GMTprogram switches << END >> output-file
I R

2 .2

END

Can also do with “commnad substitution”:
GMTprogram switches << FIN >> output-file
"someprogram swithches < input-file..

FIN



GMT uses all standard UNIX “features” (“tricks”™)

File name expansion (“wild cards”™)
P

* Matches angthing

? Matches singlc character
[list] Matches single characters from list
[range] Matches sing|c characters from range

These are ac:tua"g sPCCI{:lc cases of the more general rcgular
expresaon in UNIX

| objcct to doing things that comPutcrs can do. ~-Olin Shivers



OK lets look at some examples:




OK lets look at some examples:

1) We start bg ma|<ing the basemap frame for a linear X-Y Plot.
2) We want it to g0 from 10 to 70 in x, annotating every 10, and from
-3 to 8 in y, annotating every 1.
%) The final Plot should be 4 bg 3 inches in size.
Note GMT does not make any helpmcul assumptions such as
a) You want to Plot the whole x and yrange of the data and
b) You want it to fit nicelg on the page

You have to sPecﬂzg EVERYTHNG (comes under the excuse of
being “ Powchul")



OK lets look at some examples:

Here's how we do it:

psbasemap -R10/70/-3/8 -JX4i/3i -B10/1:."My first
plot": -P >! plot.ps

We will first look at how the rccluircmcnts above are spechcicd to
make the map.

This is done using the command line oPtions/ switches.



Recluirements land 3 are sPeciFiccl to GMT togchtcr
DWe start ]:)3 making the bascmap 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 Paramcters (so
theg don’ t have to be rcsPcci{:ied in later GMT program calls)

The -J oPtion selects the tyl:)e of Projcd:ion

In this case we want a linear x~? Plo‘c, or no Projection, which is

speci ied ]:)9
x or X,
There are 25 Projcctions available in GMT, each sPeci{:ied by one

letter.
There are no Provisions for Provicling your own Projcction.




Requiremcnts land 3 are spcchciccl to GMT togethcr

The -J oPtion also sets the axis scales (distance per unit, x) or

axis length (X)

Where the “unit” is spechciecl in .gmtclefaults or explicitlg — inches,
I, orcm,c.

psbasemap -R10/70/-3/8 -JX4i/3i -B10/1:."My first
plot": -P >! plot.ps



2) We want it to £o from10to 70 in x, annotating every 10, and from
-3 to 8 in g, annotating every 1.

This is rea"y two conditions

) We want it to go from 10 to 70 in x, and from -3 to 8 in g.
SPechcied 139 the REGION (-R) option, which (in the usual form) is

-Rxmin/xmax/ymin/ymax



2) We want it to £o from10to 70 in x, annotating every 10, and from
-3 to 8 in g, annotating every 1.

-Rxmin/xmax/ymin/ymax

Notice that unlike MATLAB, GMT does not make any assumPtions
about w|1at you want (such as tl‘le reasonable one tl'nat 9oujust
mignt want the region to show all the input data).

You have to spcciFg every detail. G.e. Powchul)

psbasemap -R10/70/-3/8 -JX4i/3i -B10/1:."My first
plot": -P >! plot.ps

"Feature it” — response of GenRad Dcvelopment Engineer Dick Benson to bug reports.



There are two forms for the =R oPtion

1) For Prgjcctions where the boundaries follow lines of latitude
an longitucle (“rectangle" on sl:)here)—- sPechcg sides

2) For regions where the sides do not follow lines of latitude and
longi’cuclc (wi“ make more sense when we do map Projcc:tions)-

sPccth corners ]39 aPPcncling an “r” toend

Idea of “region" to Plot sPeci{:iecl this wa? breaks down for
azimuthal Projections (outside border of plotis a circ'e, you
rca"g wantto specify center and rac:liuslz)j — will see some




2) We want it to g0 from10to 70 in x, annotating every 10, and from
-3 to 8 in g, annotating every 1.

i) We want to annotate x every 10, and yeveryl.
This is spechcied by the -B option (Border?).
This is the most complicated GMT oPtion. Two features are used

Annotation — every 10 for x (First one) and every | for y (second

one). it you wanted the same annotation e yyou would
not have to do it twice

psbasemap -R10/70/-3/8 -JX4i/3i -B10/1:."My first
plot": -P >! plot.ps

it is better to solve the right Problcm the wron way than the wrong Problcm the right way
-~ Mcl roy



Not in specs, but controlled by the -B oPtion, the Plot title.
This is a little more complicatecl.

Labels are between colons, with

€« »

" for Plot title,
nothing for x axis label,

U\ for PERE label.

it |al:>e|/ title is more than one word, has to be in double cluotes.

psbasemap -R10/70/-3/8 -JX4i/3i -B10/1:."My first
plot": -P >! plot.ps

it is better to solve the right Problcm the wron way than the wrong Problcm the right way
-~ Mcl roy



hC tl‘uis souncls corncusinﬁjﬁou can loo|< at the man Page For
Psbascmap for the cxplanation and more examples.

The man page for the -B oPtion, however, is Practica"g
incomprelnensible.

The BUGS section of the man page states

“The -B option is somewhat complicatccl to cxplain and
comPrehcnd. However, it is Fairlg simple for most applications
(see examplcs -



Remaining oPtions/ switches
-P

Sets the outPut to Portrait (long side vcrtical) mode.
“Default” is Landscape (Iong side horizontal) mode.

psbasemap -R10/70/-3/8 -JX4i/3i -B10/1:."My first
plot": -P >! plot.ps

This option actua"y switches “states”.

it .gmtdemcaults defines Portrait mode as the default, then —P will
send it to lanclscape.
(make a Figurc and see how it comes out, if you don’ t like the
orientation stick ina -P).

it lelily code isn’ t worth documenting thenitisn’ t worth keeping ~Jonathan Nag/cr



So, what did we get for all our eHort?

My first plot

8
7
6
5
A
3
2
1
0
1
-2
-3

DO = O 2 NN W O~

Good start — but usua"y we make Plots to show some sort of data

— 50 how do we do that?



Now let’ s look at a more complicatccl example:
Lets call it “full court press.sh”

#!/bin/sh

#plot square root x

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

100

END

psxy -R0/100/0/10 -JX4/2 -Ba20gl0/a2f1g2WSne -W5t1l5 15:0 \

-Y2 -P {$0} 1l.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

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

But it follows the UNIX Philosophg —abunch of simple things
stuck toget her to do something more complcx.

Gives you the idea that most useful GMT _ﬁroclucecl Figures are
going to be a LOT of GMT calls



Here’ s what the output looks like

(actua"g the output is a ascii file containinga PostScriPt program,

this is what it looks like after di\sg:laging with Gl‘:ostScriPt or
Printing to a Pos criPt Printer) )




Let’ s look at it Piece, bug 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 ineto #! /usr/bin/
csh -£, this works because this scriPt does not contain
angthing that is specﬂ:ic to one shell sc:riPt — such as variable
name definition. Use - £, fast, oPtion which stops it from running,

your .cshro).



Next Piece
Name the outPut file.

psxy -R0/100/0/10 -JX4/2 -Ba20gl0/a2flg2WSne -W5tl5 15:0 \
-Y2 -P {$0} 1l.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

E)cing lazy and clisorganizccl - 1don’ twant to have to tﬁpc the
output file name in lots of times nor kej:) track of which shell
scriPt made which Postscript file in my ircctorg.

So I want to find a short and casy way to name the file and | might
want to associate the outPut file name with the name of the shell

scriPt that made it.

Enter UNIX argument Passing.



When CI9ou call a shell sanFt, the system passes a max of 10
pre efined, pre-name “arguments” to the shell script.

Soif I enter
“‘myscript argl arg2”

UNIX automatica“g gives me (in this case b, arguments}
$0 the name of the shell scriPt
S1 the value of argl (character string)
$2 the value of arg2



All 1 have to do to use these arguments in my shell scriPt
(within some constraints) is stick them in.

The Shell will cxPancl them to their proper values.

So my outPut file will be named
“Fu"_court_Press.slﬁ.Ps",

since $0 will get cxPanclecl to “Fu"_court_l:)rcss.sh"
(the name of the shell scriP’c)



Next Piecc.

Get (actua"y makc) inPut data - Partl

#!/bin/sh

#plot square root x

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

100

END

psxy -R0/100/0/10 -JX4/2 -Ba20gl0/a2flg2WSne -W5t1l5 15:0 \

-Y2 -P {$0} 1l.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

sampleld, resamplcs 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).



Next piece.
Get (actua"y makcfinput data — Partl

#!/bin/sh
sampleld -I1 << END | nawk '{print $1, sqrt($1l)}' > {$0} 1l.dat
0

100
END

psxy -R0/100/0/10 -JX4/2 -Ba20gl0/a2flg2WSne -W5tl5 15:0 \
-Y2 -P {$0} 1l.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

We have to sel:)chcy the resampling step (-11, whichis steps of 1).

We will leave eve?thing else at the default values (which column is
the indepcn ent variable: zero, type of intcrpolation, etc.)

sampleld Proviclcs to standard out a list of numbers from 0 to
100 1n steps of 1.



Next Piece.

Get inPut data — Part 2
We want x and sclrt(x)

#!'/bin/sh

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

100

END

psxy -R0/100/0/10 -JX4/2 -Ba20gl0/a2flg2WSne -W5t15 15:0 \

-Y2 -P {$0} 1l.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

PiPe the resamplccl data into the program naw|<, a handg clanclg
UNIX tool that processes ascii data files a line at a time.

nawk is a great tool for Preprocessing data for GMT:



Next piece.
Generate inPut data — Part 2

Using naw|<, one does not have to write programs to make
intermediate files in GMT input format, but can gorightto the
source data file, read it, mo hcg each line into GMT input format
and PiPC this direct'y into the GMT program.

sampleld -I1 << END | nawk '{print $1, sqrt($1l)}' | psxy -

R0/100/0/10 \
-JX4/2 -Ba20£10gl10/a2fl1g2WSne -W5t1l5 15:0 -Y2 -P -K > $0.ps

00
100 O
END

The nawk command 52}?5 to Print the first column ($1) and the
square root of the first column (sqrt (1) )of every line.

We will (break the UNIX Philosophg 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 $1, sqrt($1)}' > {$0} 1l.dat
0
100
END
psxy -R0/100/0/10 -JX4/2 -Ba20gl0/a2f1g2WSne -W5tl5 15:0 \
-Y2 -P {$0} 1l.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

Fina"g we get to the subject of this ToT = GMT

psxy is the GMT program that Plots Points and lines.



Next Piece.

Plot it
#!/bin/sh
#plot square root x
sampleld -I1 << END | nawk '{print $1, sqrt($1)}' > {$0} 1l.dat
0
100
END
psxy -R0/100/0/10 -JX4/2 -Ba20gl0/a2f1g2WSne -W5tl5 15:0 \
-Y2 -P {$0} 1l.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

psxy accepts the “standard”/” global" options of the GMT
filters that Procluce F’ostScriPt outPut.

We alreaclg knowwhat-R, -J, -Band-P cloJ although the -B
oPtion here is a bit more complicatccl looking.



Next Piece.

Plot it
#!/bin/sh
#plot square root x
sampleld -I1 << END | nawk '{print $1, sqrt($1)}' > {$0} 1l.dat
0
100
END
psxy -R0/100/0/10 -JX4/2 -Ba20gl0/a2flg2WSne -W5t15 15:0 \
-Y2 -P {$0} 1l.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

Output file $0.ps (new - is first instance, aPPcncl 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} 1l.dat -K > $0.ps

So, what’ s all that extra stuff on the —-B? Each of the letters
controls a different feature/ asPcct of the Ploﬂ:ing of the axis

a is for annotation spacing

£ is for frame (Famous map frame of Hack/whitc bars — turned
off for x/X, ticks)

g is for grid sPacing

WSne sags to Plot the annotation and ticks on the West and south
sides and ticks onlu 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 -Ba20gl0/a2f1g2WSne -W5t1l5 15:0 \
-Y2 -P {$0} 1l.dat -K > $0.ps

Make line 5 units thick (whcrc units clcPencls on the device and
default settings) -W5t15_15:0

Make it dashed with dashes 15 units long followed bg 15 unit long
open spaces -W5t15 15:0

And a phase offset for the
dashes of zero -W5t15_15:0

60 80 100



Next Piece.

Misc. |
#!'/bin/sh
#plot square root x
sampleld -I1 << END | nawk '{print $1, sqrt($1)}' > {$0} 1l.dat
0
100
END
psxy -R0/100/0/10 -JX4/2 -Ba20gl0/a2flg2WSne -W5t15 15:0 \
-Y2 -P {$0} 1l.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

Y2 offset Plot 2 units paper edge +
in the VY direction (else
x axis labels get cut off
across bottom of Plot)

Default




Misc. 2
#!'/bin/sh
#plot square root x
sampleld -I1 << END | nawk '{print $1, sqrt($1l)}' > {$0} 1l.dat
0
100
END
psxy -R0/100/0/10 -JX4/2 -Ba20gl0/a2flg2WSne -W5tl1l5 15:0 \
-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

~K do not close PostScriPt file
(don’ t output “showPagc") SO

HEADER -0 ommits the header. more POStSCriPt can l'.)C aPPCnClCCl
— to the file

2nd trough n-1'th overlays d b g l, ,

require both —O and —K. -0 do not intbialize PostScript

(docs not outPut PostScriPt header
stufb) so this can be aEPended to

TRAILER —K ommits the trailer. Cxisting Filc (that hOPC u“ﬂ does not
'»1:1\1@ - c'ﬂn\unan’n ~4 'I-LV-'- Ahfh

BODY,




Misc. 3

psxy -R0/100/0/10 -JX4/2 -Ba20gl0/a2flg2WSne -W5tl5 15:0 \
-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

Several common “ gotchas"

— nNo showpa[(ge (can see on screen, but does not Print — actua"y
Prints a blan Pagc) (havc a—-Kinlast GMT ca”)

= 5howé:>a[gc in middle of file (Forgot the -k somcwhere) — onlg get
Part of file on screen or in final Print or get ghostscript error
message.

- Have header in middle of file ({:orgot —0 somewhere), get
ghostscri P’c Error message.



Next PICCC

Draw symbols every 1oth Pomt
#!/bin/sh
#plot square root x
sampleld -I1 << END | nawk '{print $1, sqrt($1l)}' > {$0} 1l.dat
0
100
END
psxy -R0/100/0/10 -JX4/2 -Ba20gl0/a2f1g2WSne -W5t1l5 15:0 \
-Y2 -P {$0} 1l.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

Resample our temporary file
—~ta mg every 10th Pomt

Pipe output to psxy ..........




Next piece.
Draw symbols -St0.2

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

Make triangles, t, 0.2 units big -St0.2

Make line out|ining/ drawing the symbols 5 units wide, and draw
them in green (R/G/B) -Ww5/0/255/0

Fill sgmbols colorred (R/G/
B) -G255/0/0

Colors sPcchCicd inR/G/B
format (intensity of Red,
Green and Blue color guns —
Primary colors for additive
system.




we’ re done!

That wasn’ t so bad now, was it?

There are two other non~mal:>~|:>ro'ectecl forms of the X/ X Projection



Two othcr ﬂOl"l-l‘l‘IBP-PI"C?jCCth Forms

First

Logarithmic - add 1 (lower case letter L) after scale of axis you
want Iogarithmic -JX41/2




Second

Power/ cxPoncntial — add p and exponent after scale of axis you
want exPonential (can scale axes incliviclua"y)

-JX4p0.5/2




Common command oPtions on 1c|i|rst, and Possiblg subsequent,
calls

Need on all calls

-R Define rcgion for Plot — will need on first call and at least
“~_R” on subsccluent

-J  define Projec’cion for Plot — will need this on all calls if need
to define regjon



Common command oPtions on 1c|i|rst, and Possiblg subsequent,
calls

(Gcncra"g) Need on first call on|9

-B Borders -~ annotation, {:ramc, gricl. Onlg need on first (or
a single) call.

-P Switch between lanclscapc and Portrait modes
-X Shift X axis

-Y Sshifty axis



Common command oPtions on ﬁilrs’c, and Possiblg subsequent,
calls

Need when needed

-K Don’ t close PostScriPt (showpagc) , use when more will
follow
need on all but last GMT call

-0  Don’ tinitialize PostScriPt, use when aPPcnding to pre-
existing file

- need on all but first GMT call
- use both -k and -0 when Put‘tinga largc number of GMT
call outPuts togethcr



Common command oPtions on 1C|i|rst, and Possiblg subsequent,
calls

Need when needed
-V Verbose (Prints out stuff to standard error for user).

-H Header records (te”s GMT to skip first H lines of ascii
inPut file)



How about

making

Prettg
MAPS?

28N

26N

(this was

made l:)g the
shell script l
Put in
Mitch’ s GMT
“ToT web

Page.)

24N

22N

28N

26N

24N

22N



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 GM'TT.



ZED COMMAND LINE OPTIONS
~Bxinfo|vinfol|/zinfo] || WE izt | titde: | lukln.nrks Each info 1s

’ (11 »” , , all
List of “standard” command | It 6 e I

l' 4 ,lower case for scale)  Map projection (see below)
lnC OPthﬂS. J th Lambert azimuthal equal area
. la ! Albers conic equal area
ni cylindrical
Equidistant conic
Azimuthal equidistant
JFlongilat, fhorizon 'width Azimuthal Gnomonic
h 4 h JGlono lato/ width Azimuthal orthographic
The -J oPtuon sets the iton Tl Maier sl e
V11 e 0 9y Tomo ) width Sinusoidal equal area
ProJecﬂon o widih Miller cylindrical
) Eckert ['V equal area
Eckert VI equal area
Lambert conic conformal
Mercator cylindrical
Robinson
Oblique Mercator. 1: ongin and azimuth

One has to look at the man TObTon oo, T T bt Motcalor. 2 o pornts
\ oty Swidth Oblique Mercator. 3: ongin and pole

e for each one as
erent thlngs vary

Polar [azimuthal | (E8.r) (or cvlmdnc;llo

We wi" NOW loo|< at the e ,;.;r;,,.d o PS T

. This 15 an overlay plul
cxamPles {:rom thc tutor;al Belact Portra ariantation
stieast/sorh/north|/zmin : Specify Region of interest
v/ fabel] Plot time-stamp on plot
Run in verbose mode
Shift plot origin in x-direction
) Shuft plot ongmn n y-direction
—ccoples Set number of plot copies [ 1]
: Expact wx nput rather than xi




pscoast -R-90/-70/0/20 -JM6i -P -B5g5 -G180/120/60 > mapl.ps

“All” gmt programs Plot
“maPs” throug'l the

Pro’ec:tion command line
option or switch (even the x- B

y Plot).

Al Prcjcd:ions give ou two
selections for sPeci ging the
scale

(note GMT takes the
attitude that a map has to
have a Precletermmed/
known scale - niccly Fi"ing
the page does not cut it.)



pscoast -R-90/-70/0/20 -JM6i -P -B5g5 -G180/120/60 > mapl.ps

-Jmparameters (Mercator

[CD.

SPecth one of: ~-Jmscale or
-JMwidth

Give scale along equator
(I:xxxx or UNIT/ clcgrcc) .

-Jmlon0/lat0/scaleor -
JMlon0/lat0/width

Give central meridian,
standard latitude and scale
along arallel (1:xxxx or

UNIT clegrec, UNIT = number
inches or cms).




Mercator Projection:

One way to address Plotting sphcre ona Planc (which is whole
‘nother subject)

Conformal (maintains shapcs)
Cglinclrical Projcction

Contral mencian
{Selecied by mapmaker)

any two points)

Equater locuches cylnder
f cylndar is tangent

Graat Gsiontion

n high lastudes
! Examples of riumbd linss
;’\ P-G (drpchon frue betwoon

Reasorably trus
Zhapes and dslancos
within 15° ol Equanor




pscoast -R-130/-70/24/52 -JB-100/35/33/45/6i -B10g5:."Conic Projection": \
-N1/2p -N2/0.25p -A500 -G200 -W0.25p -P >! map.ps

Regjon is “rectanglc"
on the sphcrical
carth.

Conic Projection

-N for boundaries
(international, US/
Canadian/Mexian
state boundaries
“built in™), rivers.

-Ato get rid of small
water/island features

Projcction (b/B) —
neéd to know
something (center
and stangard
Para"els).




pscoast -R-130/-70/24/52 -JB-100/35/33/45/6i -B10g5:."Conic Projection": \
-N1/2p -N2/0.25p -A500 -G200 -W0.25p -P >! map.ps

Conic Projection

-Jblon0/lat0/latl/lat2/scale or -JBlon0/lat0/latl/lat2/width (Albers [E]) .

Give Pro'ection center, two standard Para"els, and scale (l:xxxx or
UNIT/ egrcc) :



Albers

Also conformal (maintains/conserves shaPe)

Conical Projection

T San0ard povais

Coual arcas. Defcrmaton of shagas
COreanes awdy bom VArdad paralos




pscoast -R0/360/-90/90 -JG280/30/6i -Bg30/gl5 -Dc -A5000 \
-G255/255/255 -S150/50/150 -P >! map.ps

azimuthal orthographic
Projection mimics |oo|<ing at
carth from infinite distance

New oPtion
-Dc

Controls resolution of
coastline

f Fu"
h high

1 low

C CI"UCIC

Helps manage file sizes.



Some useful maps

The world centered
on Mcmphis.

Use to get back
azimuth and
distance to
carthquakcs ata
glancc.

Station MEM Map




NOTE:

GMT will fall over in
this Pro'ection if
there island at the
anti~l:>ocle and you
try to fill it

(Hill should be
donut between
coastline and
outside of map but
PostScriPt
interpreter — which

does fill - will do

something else).

Station MEM Map




Part | of shell scriPt
Set stuft up

#!'/bin/sh

#call with “stn az map lat lon name’
ROOT=/gaia/home/smalley
WORLDCOAST=0/360/0/180
RED=250/50/50
BLUE=50/50/255
GREEN=50/255/50
MOREPS=-K

ADDPS=-0

CONTINUEPS="-K -0"
FILL=200

SCALE=1.75

XOFFSET=0.75
YOFFSET=1.5
GRIDCNTR=180/90/7/90
OUTPUTFILE=$ 0_$3 .Ps

rm SOUTPUTFILE

Notice abundant “comments” (use variable names that are self
clocumenting)



#set up map to be centered on lat lon given in command line

#draw crude coastlines, ocean blue, land green

#do not draw lat long grid (no frame specs on -B, could put w/next)
pscoast -R$WORLDCOAST -Je$l/$2/$SCALE/180 -B:."Station $3 Map": -
S200/200/255 -G200/250/200 -W1l -Dc -P SMOREPS -X$XOFFSET -YSYOFFSET >
SOUTPUTFILE

#set up new map centered on north pole and draw only the lat long grid
psbasemap -RSWORLDCOAST -JeS$SGRIDCNTR -B15gl5 -O -K >> $SOUTPUTFILE

#RESET map to be centered on lat lon given in command line
#to put on some earthquake data read from this file
#data specified in lat long order, psxy assumes long lat (x,y) so

#use the “-:” switch to let psxy know (another common gotcha)

psxy —-RSWORLDCOAST -Je$l1/$2/$SCALE/180 -Sc0.1 -G250/250/50 -wW1/0/0/0
SCONTINUEPS -: <<END >> SOUTPUTFILE

-9.09 158.44

35.35 78.13

END

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

psxy -R -Je -M$ -W1/SRED $CONTINUEPS $ROOT/ptect/ridges >> SOUTPUTFILE
psxy -R -Je -M$ -W1l/$GREEN S$CONTINUEPS SROOT/ptect/xforms >> SOUTPUTFILE
psxy -R -Je -M$ -W1l/$BLUE SADDPS SROOT/ptect/trenches >> $SOUTPUTFILE



Another version of an azimuthal,
cquiangular maP centered on
Memphis andit' s anti~Pocle.

Now it’ s a lot easier to iclentﬂ:y
landmasses on the other side of the

globc DY their shapcs.

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

POCIC.

(also SOIVCS al’lﬁPOClC {:I" PI"O]DICH‘I)




Nazca-South America Euler Pole

Data Plottecl in South America reference frame usin
oblique Mercator Projection referenced to Euler Poé
(Points on South AmeFica Plate have zero — or near zero
— velocities.)

Plate motion follows lines of latitude (horizontal lines)

Kendrick et al, 2003



TgPical task:

Someboclg gives you a file with earthquake data (and if you are
|uc|<3 a clcscrip’cion of the file)

So we have

lat in col 8, lon in col 9, clcpth in col 10 and magnitucle incol 11

ZDEQ 64 1 1 5 14 26.76 37.285 143.002 26.9 4.4 0 15 27.0229 5
1.82 7.21 2.95 200.86 9 0 1 5
DEQ 64 1 1 12 21 58.64 -6.872 129.763 111.1 0.0 O 58 95.0280 7
1.19 6.21 2.69 66.99 17 11 3 27



Tgpical task:

We can use the Fo"owing nawk command (can Put it into shell
scriPt) to produce GMT outPut for pPSXy — lat |ong and magnituclc
for example (psxy can scale the sgmbols from the data — use
magnitucl:; for scaling) N usua"g do it on the ﬂiLancl PiPe or suck it

into the GMT PrOﬁram. If it’ s needed in more than one Placc — Put
itina tcmporarg le.

nawk '{print $9, $8, $11}' EBH.HDF

Produces the Fo"owing output for GMT

143.002 37.285 4.4
129.763 -6.872 0.0



So what do we do with our nawk command

nawk '{print $9, $8, $11}' EBH.HDF

You can Put this into GMT several ways

If this is the on|9 file you want to P|ot — this would work

nawk '{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)

psxy .. << END ..
"nawk '{print $9, $8, $11}' EBH.HDF’

END

Convcrting each file on the ﬂg.



it you want to do the same thing to a list of files

filelist="$SAMDATA/eq-rupt-1995.dat $DEM/eq-rupt-1960.dat”
for FILE in $filelist

do
psxy -R -SPROJSSCALE -MS$ -: SCONTINUE -WSLINETHICK/SPURPLE SFILE \

SVBSE >> SOUTPUTFILE
done

Other ways to make list
(notice the different kinds of quotes: “’ and")

filelist="1ls -1 SROOT/dem/topocontours/andes 3000 *°
contourlist=‘1 2 3 4’
Some other nawk tricks - cloing math and Passing variables to

nawk (cluotc heaven)

SCALE="echo $STNDTMLON | \
nawk ‘{print ($1>=02$1:360+$1) /" ${jTRESCALE} 1 * $FACTOR }’



Another example

Non-simple input data format
pieinp

1975061019 3539818n 682 64w2567 864
rrd P 2 75 61019 413.86122327430.36
cup PD1 75 61019 4 9.46 93528222.26
csj P 3 75 61019 414.26124428230.46
pwp P 3 75 61019 412.66103826826.26
mtp PCO 75 61019 412.76115926627.06
abv PC1 75 61019 4 5.56 645 1213.66

10

19750617 445237218n4581 65wl307 515
rrd PCO 75 617 44536.53 755216
abv P 3 75 617 44543.83 908 94
mtp P O 75 617 44538.43 856207
pwp P 0 75 617 44538.13 768200
csj P 0 75 617 44534.83 73622048.32
cup P 0 75 617 44532.48 522196

10

We look in the file

nunnon v vn

41
48
41
48
41
48

W wk bk ww

48
48
48
48

48

What' s this?

1956160
1566 80
1983320
171399.M
1875 16
1151 80

1309 16
1527320
1454 16
132

1282 16
976 16

“)

3199.M
-20320
4499.
15599.
0320
7320

484
15
114
-599.
-101

194

68
156
213

-58

36

© VW O OO0 O~

©OO0O OO0 OO

OO OO0 Oo

© O OO0 OO

©OO0O OO0 Oo

© O OO0 OO

©O O OO0 Oo

© O OO0 O

OO OO0 Oo



First line — looks like earthcluakc location information

Pick it aPart

1975061019 3539818n 682 64w2567 864 / 1

Year, month, clag, hour, minute, second, lat (in clcgrees, N/S, min,
seconds =DMS format), lon (DMS format), other stuff that we
can’ t guess

Is all run togethcr



Next batch of lines looks like Phase information then line with “10”

rrd P 2 75 61019 413.86122327430.36 S 3 41 1956160 3199.M 194 0 O O O
cup PD1 75 61019 4 9.46 93528222.26 S 3 48 1566 80 D -20320 68 0 O O 0
csj P 3 75 61019 414.26124428230.46 S 4 41 1983320 4499. 156 0 O O 0
pwp P 3 75 61019 412.66103826826.26 S 4 48 171399.M 15599. 213 0 O O 0
mtp PCO 75 61019 412.76115926627.06 S 3 41 1875 16 ? 0320 3 0 0 O 0
abv PCl 75 61019 4 5.56 645 1213.66 S 3 48 1151 80 ? 7320 -58 0 0 O 0

10



GMT wants lat, long

Fact that fields are run together is a Problem
Have to Pic‘( inPut lines aPart 139 column

Have to select lines with carthcluake location and ignorc those with

Phase info
1975061019 3539818n 682 64w2567 864 / 1
rrd P 2 75 61019 413.86122327430.36 S 3 41 1956160 3199.M 194 O O O O
#!/bin/sh -f
nawk 'substr($0,19,1) == "n" || substr($0,19,1) == "s" \
{ print (substr($0,19,1) == "s" 2 "=-" : "") \
substr($0,17,2)+(substr($0,20,2)+substr($0,22,2)/60)/60, \
(substr($0,27,1) == "w" 2 "=" : "" ) \

substr($0,24,3)+(substr($0,28,2)+substr($0,30,2)/60)/60}"' \
timesortedallc.pha



#!/bin/sh -f
#make a simple map with point data

LATMIN=10 Setitup

LATMAX=30

LONMIN=-80
LONMAX=-55
SCALE=0.6

MEDYELLOW=255/255/192
LTBLUE=192/192/255
RED=255/0/0

DONTCLOSE=-K
DONTINIT=-0
CONTINUE="-
INVLATLON=" -

Pscoast to draw background
map

sxy to draw the earthcluakes
(rcéfJ circles with black outline)

Prcquﬁmtsl‘x to prepare data

on the
SLONMIN/ 0NMAX/$LATMIN/$2ATMAX -Jm$ {SCALE} \

-B10 -GSMEDYELL -SSLTBLUE SDONTCLOSE -P > $0.ps
psxy -R -Jm$ ALE} -Sc0.2 -GSRED -W1/0 SDONTINIT \
SINVLATLON, << END >> S$0.ps

"preqs2gmt.sh”

END

pscoast






Examplc of GMT man page — exPandccl for unclerstancling

PsXy reads (x, ) Pairs from files lor standard inPut] and gencrates
Posi"ScrlPtco e that will

lot |incs, ol ons, or symbols
P Pe'Yg v,

at tl‘lose |ocations on a map. ifa symbol is selected and no sgmbol
size gjven, then PSXy will

interl:)ret the third column of the inPut data as symbol size.
ngbols whose size is <= O are 5|<il:>|:>ccl.

if no sgmbols are spcchcicd then the symbol code (see -S below)
must be Prcsent as (spechcg sgmbol in) last column in the inPut.



Example of GMT man page — expandcd for und erstancling

PsXy reads ) Pairs from fles lor standard in but] and generates
PostScnPt code that will

Multiple segment files (lhct Pen) may be Plotted using the -M
oPtion. if -S (symbol Plot'tlng is not selected, a (great circle) line
connccting the data Points will be drawn instead.




Example of GMT man page — expanded for understandin
P pag P 2

psxy reads (x,y) Pairs from files [or standard input] and generates
Posi:ScnPt code that will

To explicitlg close Polggons, use ~-L.

Shade with -G. f -G is set, -W (linf: width and color) will control
whether the Polggon outline is drawn or not.

Iif a sgmbol is selected, -G and ~-W determines the fill color and
outline/ no out- line, respcctivelg.

The PostScnPt code is written to standard outPut (screen!).



Things you can Plot with PSXY - Point or line data with sgmbols

star
Bar
Circle
Diamond
E"ipsc
front [various sgmbols such as thrust fault barbs, warm front
sgmbol, etc.]
chagon
] nvtriang|c
Letter
Point
Scluarc
Trianglc
Vector
chlgc

Cross



35.
35.

36
36
36

36.
37.

37
37
37

37.
37.

38
38

make/obtain inPut file — see

59
86
.37
.54
.56
64
16
.22
.36
.44
48
91
.55
.71

Make focal mechanisms — use GMT filter psmeca
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7.5
9

8
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16
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5
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15
10

220
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350
85
90
304
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280
30
350
260
0]
310
135

65
75
84
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67
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75
70
70
60
40
46
70
70

Esmeca documentation for large
number of ways to define focal mechanism data
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.5975
.0727
.2020
.7118
.1068
.6309
.2547
.5783
.8250
.0126
.5728
.2612
.3154
.9309

-0.25 -0.25
-0.25 0.25
-0.25 0.25
0 0.5

-0.25 -0.25
0 -0.5

0.25 0
-0.25 0.25
0.25 0.25
0.25 0.25
0.25 -0.25
-0.35 0.1
-0.25 -0.25
-0.25 0.25



Make map with focal mechanisms (Psmeca)

and earthquake locations (Psxg)

#!/bin/sh -f
REG=-92/-88/35/39
psmeca -RSREG << END -Jm4. -Bglflal -P -Sa2./0/0 -CP -: -K > $0.ps

"nawk '{print $1, $2, $3, $4, S$5, S$6, S$7, $1+$8, $2+S$9}'
practice_data.dat"

END
psxy -R$SREG practice_data -Jm4. -Sc0.25 -: -G255/0/0 -W3/0 -0 >> $0.ps

-S for focal mechanism inPut format definition

-C for Plotting beach ball away from earthcluakc location and
connecting it to Point at earthclua e location with a line



35.59 -90.48 12 220 65 150  4.5975 -0.25 -0.25
"nawk '{print $1, $2, $3, $4, $5, $6, $7, $1+§$8, $2+$9}°

Uses “offsets” 5Pechcied in
columns 8 and 9 to rcposition
the focal mechanism.

You could Put the |at, Iong you
wanted in cols 8 and 9, but why
calculate all of them bg hand?

You have to sPeci the offsets
or each beachbal?depcnding
on how things look, no casy
way todo automatica“g.




Plot

~ Velocitg vectors
with error c"ipscs

~ Anisi‘cropg bars

- Rotational
wcdgcs

- Strain crosses
psvelo -R -$PROJ$SCALE —S#SVELLEN/O.QS/O -W1/$PURPLE -G$PURPLE \

SVELARROW SCONTINU andaman_nicobar coseis.dat \

ious ways to define vector data (ve, ww, or mag, az)
ector Icngth, error c"ipsc confidence for Plot, label font size

Arrow shaft wiclth, head lcngkl‘n and width
Data - Lat lon vlat vlon lsiglat Isiglon corr



11900' W 11850' W 11840' W

Make a cross section

11900' W 11850' W 11840' W

2 parts, draw map, draw
cross section)

Data and non working version of shell script from
httP: // www-»gcologg. ucdavis.edu/~ gps/ GMT/ LONG_VAELEY/ h ypocenter. html



# Set PARAMETERS FOR CROSS-SECTION PLOT

center="-118.85/37.55"

azimuth="160.0"

#3. DEFINE A BOX

width="-5/5"

length="-15/15"

\rm LV _seismicity.tmp

nawk '{print $1,$2, $3}' LV _seismicity.dat | project -C${center}\
-AS${azimuth} -Q -W${width} -L${length} -V > LV _seismicity.tmp

# PLOT CROSS-SECTION HYPOCENTERS ON MAP

nawk '{print $6,$7}' LV seismicity.tmp | psxy -J${projection} \
-R${range} -P -M -Sc0.03 -G0/0/255 -0 -V -K >> ${psfile}

# PLOT CROSS-SECTION BOX

# SET PARAMETERS TO PLOT

brange="-15/15/-15/0"

bprojection="x0.2/0.2"

btick="a5£5g0/a5£5g0"

psxy box dim -R${brange} -J${bprojection} -B${btick} -Wl1l -P -0 \
-K -X-1.25 -Y-4 -V >> S{psfile}

# PLOT HYPOCENTERS ON CROSS-SECTION

nawk '{print $4, $3*(-1.0)}' LV seismicity.tmp | psxy -P -M\
-J$S{bprojection} -RS${brange} -Sc0.03 -GO0/0/0 -0 -V >> S{psfile}
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Plot contours
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echo make pgr contours

PGRFILE=pgr5el8

SPACING=4m

xyz2grd $SAMDATA/SPGRFILE -G$SAMDATA/SPGRFILE.grd -ISPACING /

—: —-RSREGION
grdinfo $SAMDATA/SPGRFILE.grd
grdcontour $SAMDATA/SPGRFILE.grd -Cl -Jx1.0 -DSPGRFILE.con -M /

—~-RSREGION > /dev/null

#have to hand edit the contour file to do 2 things -- as made the
first point in each contour

#is stuck on the end of the new contour seperator line - have to

add <cr>, also does VERY bizzare

#stuff with > for segment seperator, change to $ and works fine.

#exit

psxy -R$SREGION -$PROJ/$SCALE -M -WSLINETHICK/$ICECOLOR /

SCONTINUE SPGRFILE.con SVBSE >> SOUTPUTFILE



Returning to
making

Pcrttg
MAPS?

How to do:
color or bé&w topo

with shaded toPo

How to combine toPo

and bathymetrg

cap_center/rtvel4_9303_13bv19/_.5v2///

30 mm/yr




First — have to find data — what’ s available

DEM’s (D!!gital Elevation Models) of world — several resolutions,
several kinds of data (GTOPO-%0, ETOPO-5 , SRTM, seasat,
obs/ Precl bath, gravity)

E‘arthcluakes

Moment Tensors
Digjtized gcologic data
Other Geophys. Data |

Roads, Cities, etc.

What tools there are to hanc"c these data sets —
GMT is one of them.



Where to get them?
(we have some online at CERI — makes it easy. Have not Fu”g
Figurecl out SRTM 36’:.)




use grdraster to extract a subrcgion from the global
bathymetry data set and make a new gricl file for GMT:

grdraster.is not part of “standard” GMT. Is a “supplemcntal"
GMT program.

There are a bunch (orclcr 35-40) of supplemcntal GMT programs
ike this around.

Mang are written bg others and become “attached” to GMT and
can be found on the GMT web page, but thcg are not oFFiciallg
Part of GMT:

psmeca and psvelo (to draw focal mechanisms and vector fields)
are in this class.



use grdraster to extract a subregion from the global
bathymetry data set and make a new grid file for GMT:

$GRDRASTERREGION has same format at the REGION definition (min lon/max lon/min
lat/max lat) and been Previouslg set up to define the region

echo do seafloor

DATASET=10

DATAGRID=-I2m/2m

grdraster SDATASET -G${ROOTNAME} 2mtopo.grd $DATAGRID \
-~-R$SGRDRASTERREGION -V

echo done with 2m topo grdraster

Let’ s look at the documentation first



Typin grdraster all bg itself clumPs the man page.
- reports available data sets, unit, data coverage area, sPac:in and
regjstration (Pixcl or gricl — not irnPortant for NOW, cxcc[:)tt at
when combining data sets tl‘ucy have to be the same).



alpaca/smalley 142:> grdraster
grdraster 3.4.3 - Extract a region from a raster and save in a grdfile
usage: grdraster <file number> -R<west/east/south/north>[r] \
[-G<grdfilename>] [-I<dx>[m][/<dy>[m]]][-bo[s][<n>]]

<file number> (#) corresponds to one of these:

# Data Description Unit Coverage Spacing Registration

1 "ETOPO5 global topography" "m" -R0/359:55/-90/90 -I5m G
2 "US Elevations from USGS" "m" -R234/294/24/50 -I0.5m P
3 "Geo/Seasat grav from Haxby" "mGal" -R0/359:55/-90/90 -I5m G
4 "Geo/Seasat geoid from Haxby" "m" -R0/359:55/-90/90 -I5m G
5 "Sea floor age from Cande" "Ma" -R0/359:55/-90/90 -I5m P
6 "Sea floor age from Muller et al., 1998" "Ma" -R0/360/-72/90 -I6m G
7 "Sea floor age errors Muller et al., 1997" "Ma" -R0/360/-72/72 -Iém G
8 "l=land, O=sea bitmask" "T/E" -R0/360/-90/90 -I5m P
9 "USGS/SS ETOPO30s" "m" -R0/360/-90/90 -I0.5m P
10 "2min Observed/Predicted Topo" "m" -R0/360/-72/72 -I2m P

11 "et30wbath" "m" -R-78/-63/-25/-12 -I0.5m P



First use grdraster to extract a subregion from the global data
set

echo do seafloor

DATASET=10

DATAGRID=-I2m/2m

grdraster SDATASET -G${ROOTNAME} 2mtopo.grd $DATAGRID \

-~-RSGRDRASTERREGION -V
echo done with 2m topo grdraster

We have selected the 2m Prcclictecl sea ﬂoor topographg —data
set 10.

We have set the grid to the proper samplc sPacing (gc‘c from
Prcvious slide w/ data set Propcrtics) .

We are going to Put the data into a file called $ {rROOTNAME }
_2mtopo.grd



Now we do the same for the land topographic data, using
GTOPO-30, which onlg has data for land.

echo do topo

DATASET=9

DATAGRID=-I30c/30c

grdraster SDATASET -G${ROOTNAME} topo.grd S$SDATAGRID \
-RSGRDRASTERREGION -V

echo done with gtopo grdraster

Now we select the ETOTO-30 topograpl‘ng — data set 9.

Notice that the gricl has a different sample S acing than the
bathgmetrg, otherwise this code sniPPct is the same.

The data will gointoa file called $ {roOTNAME } topo.grd



We now have two comphmentary data sets, one for toPograPhy
and one for ba’chymc’crg and we have to combine them.

Unmcortunatelg, theg have different sample spacing.

Sowe havc to rcsamplc one oF the clata sets — |ets clo it to the sea
Hoor (since it has the lower resolution — we will therefore be
intcrl:)olating)

Use grdsample to rcsample the bathymetrg as defined by
DATAGRID and put in a new file $ {ROOTNAME} _30stopo.grd

echo prep and merge bathy

DATAGRID=-I30c/30c

grdsample ${ROOTNAME} 2mtopo.grd -G${ROOTNAME} 30stopo.grd $DATAGRID \
-F -RSGRDRASTERREGION -V



Now we use grdmath to combine (AND) the two data sets (tl‘lcg
have clistinguishing values in the dataless Points) .

grdmath uses a stack and RPN — Reverse Polish Notation)

grdmath -F -V ${ROOTNAME} topo.grd ${ROOTNAME} 30stopo.grd AND = \
${ROOTNAME} topobath.grd
echo done with merge bathy

And put the new topo file in $ {ROOTNAME} topobath.grd



We are now done selecting the toPograPhic and bathgmetric data,
which is used to gjve the co|oring or gragscale.

It is very hard, however, for the brain to interPret this view.

What is this?




One needs to add shadows (shacling for the brain to “get the
Picturc” (and even then there are some Problcms%

We will therefore “illuminate” the topo raphg and generate an
intensitg filter to be added to the color or gragscale imagc.
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GMT has a routine to do this grdgradient.

I" |l also illuminate the ocean Hoor and the to ograplz:?from

slig'ltly different anglcs —to bring out the “best” of both.

After generating the i"umination, we have to combine the two files
using grdmath.

Output files will have . intns as extension.
NORM=-Nt
BATHILLUM=270
TOPOILLUM=315
grdgradient ${ROOTNAME} topo.grd -ASTOPOILLUM \
-G$ {ROOTNAME} topo.intns $NORM -V

grdgradient ${ROOTNAME} 30stopo.grd -ASBATHILLUM \
-G$ {ROOTNAME} 30stopo.intns SNORM -V

grdmath -F -V ${ROOTNAME} topo.intns ${ROOTNAME} 30stopo.intns AND
${ROOTNAME} topobath.intns

\

INTNSFILE=$ {ROOTNAME} topobath



So now we have two gricl files

One with the topographic data

One with the sl‘tacling

Now we’ re reaclg to Plo‘c them together to make the map.

Fina”y we make our first contribution to the map (F’ostScriPt
output file) using grdimage.

grdimage can combine the coloring of the clata, based on the
CPT File, with the sl*aacling (wl‘uich comes from the slopcs of the

data).



grdimage can combine the coloring of the data, based on the
CPT file, with the shacling (which comes from the slopcs of the

data).

echo color topo

CPTFILE=/gaia/opt/gmt/share/GMT globe.cpt

grdimage SINTNSFILE.grd -ISINTNSFILE.intns -C$CPTFILE -RSREGION -$PROJ
SSCALE $GRID -K -XS$XOFFSET -YSYOFFSET -V SORIENT > SOUTPUTFILE

echo done with color topo

The CPT file is the color table file. GMT has a bunch of them
Prccle{:ined (look in the directorg referenced above).

You can also make your own (if you have lots of time)
GMT uses the R/G/B model for color

Now we can add other data (notice -K) —-- carthquakcs, GPS
vectors, focal mcchanisms, etc.
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Now we can add other data — ear’chcluakes, GPS vectors, focal
mechanisms, etc.

psmeca -R -$PROJ$SSCALE -Sd0.2/0/0 -GSRED $CONTINUE -L -WO0.5/$BLACK \
india.cmt >> SOUTPUTFILE

Again bcing lazg, | don’ t like to have to kecp track of the last GMT
call (7o) |<cc[:> track of whether or not | need the —-0) so luse
SCONTINUE.

Then | check the outPut file for a show age when I’ m done — and
write the PostScriPt mgschc when | need it.

echo done with figure - clean up

SHOWPAGE="tail -1 $OUTPUTFILE | nawk '{print $1}'"
echo check SHOWPAGE -${SHOWPAGE}-

if [ $SSHOWPAGE '= showpage ]

then

echo add showpage

echo showpage >> SOUTPUTFILE

fi



We tl'len have to erase all the tcmporarg files we made.
if [ SCLEAN = yes ]

then

echo yes - clean up
if [ STOPO !'= notopo ]
then

\rm ${ROOTNAME} .cpt
\rm ${ROOTNAME} .grd
\rm ${ROOTNAME} .intns

\rm ${ROOTNAME} topo.grd

\rm ${ROOTNAME} topo.intns

\rm ${ROOTNAME} 2mtopo.grd
\rm ${ROOTNAME} 2mtopo.intns
\rm ${ROOTNAME} 30stopo.grd
\rm ${ROOTNAME} 30stopo.intns
\rm ${ROOTNAME} topobath.grd
\rm ${ROOTNAME} topobath.intns

fi

\rm ${ROOTNAME} .nawk
\rm ${ROOTNAME} . tmp

fi
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Plottinga single srtm file

#!/bin/sh

\rm tst.grd

grdgradient tile 31 69.grd -A270 -Gtst.intens -Ne0.6 -V \
grd2cpt tst.intens -Cgray > $O0.cpt

grdimage tst.intens -Itst.intens -R-69/-68/-31/-30 -Jm7 \
-Blgla -P -C$O.cpt > $0.ps

Plotting multiple 1x1 clcgree tiles Possiblc, but more slig‘rtlg
complicated see me).

lcan' t get SRTM data into grdraster format inPut file (ang
volunteers?)



Have covered lots of stuﬁz,

but even more stmq: has not been covcrecl

— there are 60 GMT and 35+ Supplcmenta| Programs!

=T power of UNIX to manipulatc them.



General GMT shell scriPt will look something like this

Iy i Sy Sy iy S Sy iy Sy Ay Sy Ay Ay Ay iy Ay Ay Ay Ay Ay Ay iy S

Call to set up base map — this may or may not plot any data
P P v, gy notp v,

Series of GMT calls to add various kinds of data

Last GMT call “closes” file

A ) s = S — — S S S S S — S S — o S S ) = S~ —~

Majority of work is in manipulating the data files using all the
standard UNIX tools.



Fina"g, you can put the Finishing touches on your figure with
Adobe lllustrator (which works with PostScriPt iles)

| ots well documented

Problems going over to
Adobe - Principa"g
with annotation/text.




Whg is GMT so Popular?

The Price IS rig'lt!
(But there’ s also no such thing as a free Iunch!)

Offers unlimited f exibilitg since it can be called from the command
line,
inside scriPts, and from user programs.

Has attracted many users because of its high cluali’cg Post:ScnPt
output.

Easilg installs on almost any (inclucling windows) computer.



