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INTR ODUCTION

The purposeof this tutorial is to introducenew usersto GMD, outlinethe GMY ervironment,andenable
you to make severalformsof graphicswithout having to know too muchaboutUNIX andUNIX tools. We
will notbeableto coverall aspectof GWMY norwill we necessarilycover the selectedopicsin sufficient
detail. Neverthelessit is hopedthatthe exposurewill promptthe usersto improve their G andUNIX
skills aftercompletionof this shorttutorial.

GMT overview: History, philosophy, and usage

Historical highlights

The GMY systemwasinitiated in late 1987 at Lamont-DohertyEarth Obsenatory, ColumbiaUniversity
by graduatestudentsPaul WesselandWalter H. F. Smith. Version1 wasofficially introducedto Lamont
scientistan July 1988. aw) 1 migratedby word of mouth (andtape)to otherinstitutionsin the United
StatesUK, JapanFranceandattracteda smallfollowing. Paul took a Post-doctorapositionat SOESTin
Decemberl989andcontinuedthe GMY development.Version2.0 wasreleasedvith anarticlein EOS,
October1991,and quickly spreadworldwide. We obtainedminor NSF-fundingfor GMY version3.0in
1993whichwasreleasedvith anotherarticlein EOSon August15,1995. Significantlyimprovedversions
(3.1,3.2,3.3,3.3.1-6)werereleasedetweerNovenberl998and October2000,culminatingin the April
2001releaseof 3.4. GVMD now is usedby ~6,000usersworldwidein a broadrangeof disciplines.

Philosophy

aWMd follows the UNIX philosophyso that complex tasksare broken down into smallerand more man-
ageablecomponentsindividual GM> modulesaresmall, easyto maintain,andcanbe usedasary other
UNIX tool. aM> waswritten in the ANSI C programmindanguaggvery portable),is POSIXandY2K
compliant,andis independenbf hardwareconstraintge.g.,memory). GMY wasdeliberatelywritten for
command-linausage not a windows environment,in orderto maximizeflexibility . We standardizeearly
onto usePostScriptoutputinsteadf meta-fileformats.Apartfrom thebuilt-in supportfor coastlinesavw>
completelydecouplesiataretrieval from themainGwMY programs GMY usesarchitecture-independefile
formats.

Why is GMT sopopular?

The priceis right! Also, WY offers unlimited flexibility sinceit canbe calledfrom the commandine,
insidescripts,andfrom userprograms GMY hasattractednary userdecausef its high quality PostScript
output. GMY easilyinstallson almostary computer

GMT installation considerations

GMY hasbeeninstalledon machinesangingfrom supercomputerdo lap-topPCs. GMY only contains
some55,000lines of codeandhasmodestspace/memoryequirementsMinimum requirementsre

e ThenetCDFlibrary 3.4 (freefrom www.unidata.edu).

e A C Compiler(freefrom www.gnu.og).

e About 100Mb disk spaceg(70 Mb additionalfor full- andhigh-resolutiorcoast-lines).
e About16 Mb RAM.

In addition,we recommendaccesgo a PostScriptprinteror equivalent(e.g.,ghostscript), PostScript
previewer (e.g.,ghostview), ary flavor of the UNIX operatingsystemandmoredisk spaceandRAM.
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1. SESSIONONE

1.1 Tutorial setup

1.

We assumehatGMd hasbeenproperlyandfully installedandthatyou have the statemensetenv
GMTHOMK:ppath to <GWM> directory > in your .login asdescribedn the GM> README
file.

. All aw> manpagesdocumentatiorandexamplescriptsareavailablefrom theGw) documentation

web page. It is assumedhesepageshave beeninstalledlocally at your site; if notthey arealways
availablefrom themainGMT homepagé.

. We recommendyou createa sub-directorycalled tutorial, cd into that directory andcopy all the

tutorialfiles directly therewith “cp -r $GMTHOME/tutorial/* O

. As we discussaM? principlesit may be a goodideato consultthe GM> TechnicalReferenceand

Cookbookfor moredetailedexplanations.

. The tutorial usesthe supplementataV? programgrdraster to extract subsetf global gridded

datasets. For your corveniencewe alsosupplythe subsetsn the eventyou do not wish to install
grdraster andthepublicdatasetsit canread.Thus,runthegrdraster commandsf youhave made
theinstallationor ignorethemif you have not.

For all but the simplestaw? jobsit is recommendethatyou placeall the GwY (andUNIX) com-
mandsin a cshell scriptfile andmale it executable.To ensurghatUNIX recognizes/our scriptas
a cshell scriptit is a goodhabitalwaysto startthe scriptwith theline #!/bin/csh. All the examples
in this tutorial assumesgou arerunningthe cshell, if youareusingsomethingdifferentthenyou are
onyour own.

Making a scriptexecutables accomplishedisingthe chmod commande.g.,the scriptfigure 1 is
madeexecutablewith “chmod +x figure _1".

To view a PostScripffile (e.g.,map.p3 onaUNIX workstationwe useghostviewmap.ps Onsome
systemgherewill be similar commandslik e imagetoolandpageriew on Sunworkstations.In this
text we will referto ghostview, pleasesubstitutethe relevantPostScriptpreviewer on your system.

Pleasecd into the directorytutorial. We arenow readyto start.

1.2 The GMT environment: What happenswhenyou run GMT?

To getagoodgraspon GV onemustunderstandvhatis goingon“underthehood”. Figurel.lillustrates
therelationships/ou needto be awareof atrun-time.

1.2.1 Input data

A GMD programmay or may not take input files. Threedifferenttypesof input arerecognizedmore
detailscanbefoundin AppendixB in the TechnicalReference):

1.

Datatables. Theseare“spreadsheettableswith a fixed numberof columnsandunlimited number
of rows. We distinguishbetweertwo groups:

e ASCII (Preferredunlesdfiiles arehuge)
— Singlesegment[Default]

Ihttp://iwwwsoest.haaii.edu/gmt
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INPUT OUTPUT

................

.....

Exit Status

........

....... Optional
Required

Figurel.1: TheGMT run-timeervironment

— Multi-segmentwith internalheaderecordsg(—M)
e Binary (to speedup input/output)
— Singlesegment[Default]
— Multi-segment(sggmentheadersreall NaN fields) (-M)

2. Griddeddatedsets. Theseare datamatrices(evenly spacedn two coordinatesthat comein two
flavors:

e Grid-lineregistration
e Pixel registration

You may chooseamongseveralfile formats(evendefineyour own format), but the GVY defaultis
netCDF

3. Colorpalettetable(For imaging,color plots,andcontourmaps).We will discusgheselater.

1.2.2 Job Control

GMY programamay getoperationaparameterérom severalplaces:
1. Suppliedcommandine options/switchesr programdefaults.
2. Short-handotationto selectpreviously usedoptionargumentgstoredin .gmtcommands
3. Implicitly usingGM> defaultsfor avarietyof parameterg¢storedin .gmtdefults.

4. May usehiddensupportdatalik e coastlinesr PostScriptpatterns.

1.2.3 Output data

Thereare6 generakateyoriesof outputproducedy GMD:
1. PostScriptplot file.
2. DataTable(s).
3. Griddeddataset(s).

4. Statistics& Summaries.
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5. WarningsandErrors,writtento stderr.
6. Exit statug0 meanssuccessptherwisefailure).

Note: GMY automaticallycreateandupdates historyof pastGM> commandptionsfor thecommon
switches. Thesehistory file arecalled .gmtcommandsndwill be createdn every directoryfrom which
GMY programsare executed.Many initial problemswith GMY usageresultfrom not fully appreciating
therelationshipshovnin Figurel.1.

1.3 The UNIX Environment: Entry Level Knowledge

1.3.1 Redirection

Most GMY programgeadtheirinput from the terminal(calledstdin) or from files, andwrite their output
to theterminal(calledstdou). To usefilesinsteadonecanuseUNIX redirection:

GMTprogram input-file >l output-file
GMTprogram < input-file >l output-file
GMTprogram input-file >> output-file # Append to existing file

Theexclamationsign (!) allows usto overwriteexisting files.

1.3.2 Piping (|)

Sometimesve wantto usethe outputfrom oneprogramasinputto anothemprogram.Thisis achiezedwith
UNIX pipes:

Someprogram | GMTprograml | GMTprogram2 >!  Output-file (or | Ip)

1.3.3 Standard error (stderr)

Most UNIX and GMD programswill on occasionwrite error messagesThesearetypically written to a
separatelatastreamcalledstderrandcanberedirectedseparatelyrom the standardutput(which goesto
stdou). To redirecterrormessagewe use

UNIXprogram >& errors.log

Whenwe wantto save both programoutputanderrormessageto separatdiles we usethe following
syntax:

(GMTprogram > output.d) >& errors.log

1.3.4 File nameexpansionor “wild cards”

UNIX providesseveralwaysto selectgroupsof files basedon namepatterngTablel1.1):

Code Meaning
* Matchesanything
? Matchesary singlecharacter
[list] Matchescharactersn thelist
[rancg] | Matchescharacterén thegivenrange

Tablel.1: UNIX wildcards

You cansave muchtime by gettinginto the habit of selecting*good” filenamesthat make it easyto
selectsubset®f all files usingthe UNIX wild cardnotation.
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Examples
e GMTprogramdata*.d operate®n all files startingwith “data” andendingin “.d".

e GMTprogramline_?.dworkson all files startingwith “line_" followed by ary singlecharacteland
endingin “.d".

e GMTprogramsection1[0-9]0.part[12] only processeslatafrom sections100 through190, only
usingevery 10thprofile, andgetsbothpart1 and2.

1.4 GMT Defaults

Numerousminor options(more than 50) canonly be changedoy modifying the GMY defaults settings.
Thesesettingscontrol suchaspectsof GMY asfont typesand sizes, pen thicknessusedfor basemaps,
linearinterpolantsusedwheninterpolationis needecandmary more (Figuresl.2,1.3,and 1.4 show the
parametershataffect plots). The GMD defaultsresidein a file named.gmtdefults A userwill typically
have a “master” .gmtdefultsfile in the homedirectory andpossiblymore specializedgmtdefultsfiles
in certainsub-directories. If no suchfile exist in the currentdirectory GM> will attemptto openthe
user’smasterdefaultsfile. If it is not presenthenthe site-specificGMY defaultsareused. Thesecome
presetfrom the GM> developersbut may be modified prior to GMY installation. Onetypical changeat
this level is to selectSl units ratherthanthe default US/British units. It is recommendeahot to modify
the systemaMY defaultssubstantiallysincesomeapplicationamay rely on the presencef a standardset
of default values.Usersmay createa new .gmtdefultsfile with the currentGVY presetvaluesusingthe
gmtdefaults utility.

Plot Title ~—— HEADER_FONT

FRAME_WIDTH HEADER_FONT_SIZE
v BASEMAP_FRAME_RGB

. — A

10°N 1

S

GRID_CROSS_SIZE

d + + o+ -

TICK_PEN

TICK_LEN

108

60°W v 50°W 40°W M 30'W

BASEMAP_TYPE ANOT_OFFSET

Figurel.2: SomeGMT parametershataffect plot appearance

Thereareat leasttwo goodreasonsvhy the GMY default optionsare placedin a separatgarameter
file:

1. It would notbepracticalto allow for command-linesyntaxcoveringsomary options,mary of which
arerarelyor never changedsuchastheellipsoid usedfor mapprojections).

2. It is convenientto keepseparategmtdefwultsfiles for specificprojects,so that one may achiese a
specialeffect simply by runningGM> commandsn a sub-directorywhose.gmtdefultsfile hasthe
desiredsettings. For example,whenmakingfinal illustrationsfor a journal article one mustoften
standardizen font sizesandfont types,etc. Keepingall thosesettingsn a separategmtdefultsfile
simplifiesthis process.Likewise, GMY scriptsthat make slidesoften usea differentcolor scheme
andfont sizethanoutputintendedor laserprinters.Organizingthesevariousscenariosnto separate
.gmtdefwltsfiles will minimize headacheassociateavith micro-editingof illustrations.
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DEGREE_FORMAT ANOT_MAX_ANGLE
% ) 2,
2 2 < Z
Rl

GRID_PEN

@“ ‘

PO

O

o g™
1 g 2 Wi

o
o o [=A
. 2 [Y  v_oriGINZ z OBLIQUE_ANOTATION

Figure1.3:More GMT parametershataffect plot appearance

As mentionedGMY programswill attemptto openafile namedgmtdefults At timesit maybedesir
ableto overridethatdefault. As analternatie, we maysupplyanothefilenameusingthe +filenamesyntax,
i.e., on the samecommandine asthe GM> commandwe appendhe nameof the alternate.gmtdefults
file with the plussignasa prefix. A perhapdesstediousmethodis to starteachscriptwith makinga copy
of thecurrent.gmtdefults thencopy thedesired gmtdefultsfile to the currentdirectory andfinally undo
the changesat the endof the script. To changesomeof the GMY parametersn thefly insidea scriptthe
gmtsetutility canbeused.E.g.,to changeheannotatiorfont to 12 point Times-Boldwe run

gmtset ANOTFONT Times-Bold ANOTFONTSIZE 12

In additionto these29 parametershat directly affect the plot there are numerousparameterghan
modify units,scalesgetc. For acompletdisting, seethegmtdefaults manpages.

X_AXIS_LENGTH PAPER_MEDIA

PAGE_COLOR > Plot Title *
4
102
Y_AXIS_TYPE
BASEMAP_AXES >
10t
Y_AXIS_LENGTH N
o}
Qo
]
»n 100
=
L4
>
ANOT_FONT
* 100
b
ANOT_FONT_SIZE
UNIX_TIME_POS 102

0 200 400 600 800 1000
UNIX_TIME x-axis label
A4 ~
M > LABEL_FONT
. Feb 607:49:26 1996 | Dazed and Confused LABEL_FONT_SIZE

Figurel.4: EvenmoreGMT parametershataffectplot appearance

At the endof the scriptone canthenresetthe specificparameterdackto whatthey originally were.
We suggesthatyou gothroughall theavailableparameteratleastoncesothatyou know whatis available
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to changevia oneof the proposednechanisms.

1.5 GMT Units

GMY programscan acceptdimensionalquantitiesin cm, inch, meter or point. Therearetwo waysto
ensurghatGMY understandw/hich unit you intendto use.

1. Appendthedesiredunit to thedimensionyou supply Thisway is explicit andclearlycommunicates
whatyouintend,e.g.,—X4c means4 cm.

2. Setthe parameteMEASURE.UNIT to the desiredunit. Then,all dimensionswithout explicit unit
will beinterpretedaccordingly

The latter methodis lesssecureasotherusersmay have a differentunit setandyour script may not
work asintended We thereforerecommend/ou alwayssupplythe desiredunit explicitly .

1.6 GMT Common CommandLine Options

GMY has13 optionsthat areidenticalto all programs. |t is vital thatyou understanchow to usethese
options,which we herepresentlphabetically

1.6.1 The-B option

Thisis by farthemostcomplicatedoptionin GMY, but mostexamplesof its usageareactuallyquite sim-
ple. Givenas—Bxinfo[/yinfo][:."title string”:][W|w][E|€][ S|sI[N|n], this switch specifiesa mapboundary
to beplottedby usingthe selectedick-markintervals. xinfo andyinfo areof the form

[a]tick[m|c][ ftick[m|c]][ gtick[m|c]][ ||p][:"axis label”:][:,"unit label™]

wherea, f, andg standfor annotationframe,andgrid interval. The m|c indicatesminutes(m) or
seconddc). By default, all 4 boundariesare plotted (denotedW, E, S, N). To changethis selection,
appendhe codesfor thoseyou want (e.g.,WSn). Uppercase(e.g.,W) will annotaten additionto draw
axis/tick-marks Thetitle, if given,will appearcenteredabove the plot?.

Figure 1.5: Geographicmap borderusing separateselectionsfor anotation,frame, and grid intervals.
Formattingof the anotationis controlledby the parameteDEGREEFORMAT in your .gmtdefultsfile.

Options for logip axes

1. tick mustbe 1, 2, or 3. Annotations/tickswill thenoccurat1,1-2-5,0r 1,2,3,4,...,.9respectiely.
2. Appendl to tick. Then,logso of theannotations plottedat every integerlogio value.

3. Appendp to tick. Then,annotationsippeaias10 raisedto logo of thevalue(e.g.,107°).

2However, it is suppressedhena 3-D view is selected.
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[ [ [ [
anotation frame grid ‘
\ \ \ \

y 1

0% 4% 8 % 12 %
Frequency

Figurel.6: Linear Cartesiarprojectionaxis. Long tickmarksaccompamp anotationsshorterticks indicate
frameinterval. Theaxislabelis optional. We used-R0/12/0/1-3X3/0.4—Ba4f2gl:Frequeng::,%:.

1 10 100 1000
Axis Label
f T T T T T T T T 1
0 1 2 3
Axis Label
f T T T T T T T T 1
1P 10t 107 10°
Axis Label

Figurel.7: Logarithmicprojectionaxisusingseparatealuesfor anotationframe,andgrid intervals. (top)

Here,we have choserto anotatethe actualvalues.Interval = 1 meansevery whole power of 10, 2 means
1, 2, 5 timespowersof 10, and3 meansevery 0.1 timespowersof 10. We used—R1/1000/0/1-J3X31/0.4

—Balf2g3. (middle) Here,we have choserto anotatdog; o of the actualvalues with —Balf2g3l. (bottom)

We anotateavery power of 10 usinglogig of theactualvaluesasexponentswith —Balf2g3p.

Options for exponentialaxes

Appendp to tick, andthe annotatiorinterval is expectedto bein transformedinits, but annotatiorwill be
plottedasun-transformedinits. E.g.,if tick = 1 andpower = 0.5 (i.e., sqrt), thenequidistantannotations
labeledl, 4,9, ... will appear

1.6.2 The—coption

The—c optionspecifieghe numberof plot copies.[Defaultis 1]

1.6.3 The —H option

The —H[n_recg option lets GM> know that input file(s) have one [Default] or more headerecords. If
thereare morethanoneheaderecordyou mustspecifythe numberafterthe —H option, e.g.,—H4. See
Figurel.10.

1.6.4 The—-J?options

Selectghe mapprojection. Thefollowing code(?) determineghe projection. Specifymapwidth (or axis
lengths)in the unit of your choice. The projectionsavaiablein GM> are presentedn Figure 1.9. For
this tutorial we will chooseone of the following projections(for detailson all GMY projectionsseethe
psbasemap manpage):
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0 20 40 60 80 100
Axis Label

| ! | ! | ! | !

0 9 36 81
Axis Label

Figurel.8: Exponentiabr power projectionaxis. (top) Usinganexponentof 0.5yieldsa+/X axis. Here, in-
tenvalsreferto actualdatavaluesjn —R0/100/0/1-JX3p0.5/0.4-Ba20f10g5. (bottom)Here, intervalsrefer
to projectedvalues althoughthe anotationusesthe correspondinginprojectedralues,asin —Ba3f2gip.

e GMT PROJECTIONS

E = Equal Area /

GEOGRAPHIC PROJECTIONS

T\ e

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]

Figurel.9: The 25 projectionsavailablein GMT

Mercator: —JMwidth.

Orthographic: —JGlony/lato/width. Thelony/latg specifieghe projectioncenter

Albers conic: —JBlorng/lato/lat; /laty/width. Give projectioncenterandtwo standardgarallels.
Eckert IV and VI: —JK]f|s]lony/width. Give thecentralmeridian.

Linear: —JXwidth/heigtt. Give width [and height] of plot. width [and/orheigh{ canbegivenin ary of
thefollowing 3 formats:

1. —IXwidth[d]—Regularlinear scaling. Append’'d’ if x andy aregeographicatoordinatesn
degreesthis allows for 360° periodicityanddegree-symbolén annotations.
2. —=IXwidthl—Take log; o of valuesbeforescaling.

3. =IXwidthppower—Raisevaluesto powerbeforescaling.

Usenegative width [and heigh{ to reversethedirectionof anaxis(e.g.,to have y be positive down).
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E_?ta from NGDC
ile contains gravity _ i
lon lat - faa HEADER O ommits the header.
122.55 16.77 -23.9
122.51 16.47 -20.4
122.3516.14 -13.8
122.05 15.83 -10.
121.85 15.36 -9.
121.04 15.11 -1
120.49 14.87 -1
120.11 14.31 -1
119.78 14.01 -1
119.41 13.71 %
2
3
3

BODY,

2nd trough n-1'th overlays
require both —O and —K.

119.22 13.33 -
118.81 13.06 -
118.55 12.83 -
118.27 12.43 -

BODY,,

OUOONONNE
NN No~NRCo

TRAILER —K ommits the trailer.

Figurel.10: (left) Inputfiles mayhave anarbitrarynumberof headerecords specifiedwith —H. (right) A
final PostScriptfile consistof a stackof individual pieces

1.6.5 The—-K —O options

The—K and—0O optionscontrolthegeneratiorof PostScriptcodefor multiple overlayplots. All PostScript
files musthave a headel(for initializations),a body (drawing thefigure),andatrailer (printing it out) (see
Figure1.10). Thus,whenoverlayingseveral GWMY plotswe mustmake surethatthefirst plot call ommits
thetrailer, thatall intermediatecallsomit bothheadelandtrailer, andthatthefinal overlayomitstheheader
—K omitsthetrailerwhichimpliesthatmorePostScriptcodewill beappendedater[Defaultterminateghe
plot system].—O selectsOverlay plot modeandommitsthe headeiinformation[Defaultinitializes a new

plot system].Most unexpectedresultsfor multiple overlayplots canbetracedto theincorrectuseof these
options.

1.6.6 The —Poption

leading
paper edge

P Default

yoff |--- >

xoff

Figure1.11: (left) Userscanspecify LandscapgDefault] or Portrait(—P) orientation. (right) Plot origin
canbetranslatedreely with —X =Y

—P selectsPortraitplotting mode’. The default Landscapeorientationis obtainedby translatingthe
originin thex-direction(by thewidth of thechoserpapeiPAPER.MEDIA) andthenrotatingthecoordinate
systencounterclockwiséy 90°. By defaultthe PAPER MEDIA is setto Letter(or A4 if Slischosen)this
valuemustbechangedvhenusingdifferentmedia,suchas11” x 17” or largeformatplotters(Figure1.11).

3For historicalreasonsthe GM)) Defaultis Landscapeseegmtdefaults to changethis.
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1.6.7 The—R option

—Rxmin’xmaxymin'ymaxr] specifytheRegion of interest.Decimalor exponentiahotationsaresupported.
To usedegreesand minutes[and seconds]usethe dd:mm[:ss]format. Appendr if lower left andupper
right cornersaregiveninsteadof minimumandmaximumextentof arectangularegion (Figure1.12).

. ’ "’5 - N
30° %+ 30°
5 oS
\
20° % - 20°
-90° 80 70 2%0 <‘-p° /
a) —Rxmin/xmax/ymin/ymax b) —Rxlleft/ylleft/xuright/yuright r

Figure1.12: Theplot region canbe specifiedn two differentways

1.6.8 The-U option

—U draws UNIX Systemtime stamp. Optionally, appendan arbitrarytext string (surroundedoy double
guotes)or thecodec, whichwill plotthe currentcommandstring (Figure1.13).

2001 Apr 18 11:38:48 ‘ optional command string or text here

Figure1.13: The—U optionmalkesit easyto “date” a plot

1.6.9 The -V option

-V selectsverbosemode,whichwill sendprogresseportsto stderr[Defaultruns“silently”].

1.6.10 The-X-Y options

—X and-Y shift origin of plot by (xoff,yoff) inches(Defaultis (1,1) for new plots* and(0,0) for overlays
(-0)). By default, all translationsarerelative to thepreviousorigin (seeFigurel.11). Absolutetranslations
(i.e., relative to afixed point (0,0) at the lower left cornerof the paper)canbe achieve by prependinga”
to the offsets. Subsequentverlayswill be co-registeredwith the previousplot unlessthe origin is shifted
usingtheseoptions.Theoffsetsaremeasuredh thecurrentcoordinatesystemwhich canberotatedusing
theinitial —P option; subsequentP optionsfor overlaysareignored).

1.6.11 The—: option

For geographicatiata thefirst columnis expectedo containlongitudesandthe secondo containlatitudes.
To reversethis expectationyou mustapplythe—: option.

4ensureshatboundaryannotationsio notfall off the page
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1.7 Laboratory Exercises

We will begin our adwentureby makingsomesimple plot axesand coastlinebasemapsWe will do this
in orderto introducethe all-important—B, —J, and—R switchesandto familiarize ourseheswith a few
selectedaMd projections. The GVY programswe will utilize are psbasemap andpscoast . Please
consulttheir manualpageson the GVY websitefor reference.

1.7.1 Linear projection

We startby makingthebasemajramefor alinearx-y plot. We wantit to gofrom 10to 70in x, annotating
every 10, andfrom -3 to 8 in y, annotatingevery 1. Thefinal plot shouldbe 4 by 3 inchesin size. Here's
how we doit:

psbasemap -R10/70/-3/8 -JX4il3i -B10/1:."My first plot": -P > plot.ps

You canview theresultwith ghostviewplot.ps

Exercises
1. Try changehe—JX values.
2. Try changehe—B values.
3. Omitthe—P.

1.7.2 Logarithmic projection

We next will shav how to do abasemapior alog—logplot. We will assumehattheraw x datarangefrom
3to 9613andy rangesrom 3.2- 10?° to 6.8 - 10?%. Onepossibilityis

psbasemap -R1/10000/1e20/1e25 -JX9il/6il \
-B2:"Wavelength (m)":/alpf3:"Power (W)WS >! plot.ps

(Thebackslash, makesUNIX ignorethecarriagereturnthatfollows andtreatthetwo linesasonelong
command).
Exercises

1. Do notappend to theaxeslengths.

2. Leavethep modifierout of the—B string.

3. Add g3to eachsideof the slashin —B.

1.7.3 Mercator projection

Despitethe problemsof extremehorizontalexaggeratiorwith latitude,the conformalMercatorprojection
(-IM) remainsthe stalvart of locationmapsusedby scientists.It is oneof severalcylindrical projections
offeredby GWMY; herewe will only have time to focus on one suchprojection. The completesyntaxis
simply

—JMwidth
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Option Purpose

-A Excludesmallfeaturesor thoseof high hierarchicalevels

-D Selectdataresolution(full, high, intermediatelow, or crude)

-G Setcolor of dry areaqdefault doesnot paint)

=l Draw rivers(chosefeaturedrom oneor morehierarchicakateyories)
-L Plotmapscale(lengthscalecanbe km, miles, or nauticalmiles)

-N Draw political borders(including US stateborders)

-S Setcolorfor wet areagdefault doesnot paint)

-W Draw coastlinesandsetpenthickness

Table1.2: Main optionswhenmakingcoastlineplotsor overlays.

To make coastlinemapswe usepscoast whichautomaticallywill accessheGw> coastlinedatabase
derived from the GSHHSdatabas In additionto the commonswitcheswe may needto usesomeof
severalpscoast -specificoptions(seeTablel.2).

Oneof -W, —G, =S mustbe selectedOur first coastlineexampleis from Latin America:

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

Exercises
1. Add the-V option.
. Try =R270/290/0/20nstead Whathappengo theannotations?
. Edit your .gmtdetaultsfile andchangeDEGREEFORMAT to anumberin the 0—4range.

2

3

4. Pickanotheregionandchangdandcolor.

5. Pickaregionthatincludesthenorthor southpoles.
6

. Try “WO0.25 insteadof (or in additionto) —G.

1.7.4 Albers projection

TheAlbersprojection(-JB) is anequal-are@onicalprojection;its conformalcousinis the Lambertconic
projection(-JL). Theirusagesrealmostidenticalsowe will only usethe Albershere.Thegenerakyntax
is

—JBlong/lato/laty /I atp/width

where(long, latp) is the map(projection)centerandlat;, lat; arethetwo standardparallelswherethe
coneintersectghe Earth's surface.We try thefollowing command:

pscoast -R-130/-70/24/52 -JB-100/35/33/45/6i -B10g5:."Conic Projection™:
-N1/2p -N2/0.25p -A500 -G200 -WO0.25p -P >! map.ps

Exercises

1. ChangeGRID_CROSSSIZE to make crossesnsteadof gridlines.

2. Change-R to arectangulabox specificatiorinsteadof minimumandmaximumvalues.

SWesselnd Smith[1996]
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1.7.5 Orthographic projection

The azimuthalorthographigrojection(-JG) is oneof several projectionswith similar syntaxandbeha-
ior; the onewe have chosenmimics viewing the Earthfrom spaceat aninfinite distance.The syntaxfor
this projectionis

—JGlony/latp/width
where(long, latp) is the centerof the map(projection).As anexamplewe will try

pscoast -R0/360/-90/90 -JG280/30/6i -Bg30/g1l5 -Dc -A5000 -G255/255/255 \
-S150/50/150 -P >! map.ps

Exercises

1. Usetherectangulaoptionin —R to make arectangulamapshaving the US only.

1.7.6 Eckert IV and VI projection

We concludethe surwey of map projectionswith the Eckert 1V andVI projections(-JK), two of several
projectionsusedfor globalthematicmaps;They arebothequal-aregrojectionsvhosesyntaxis

—JK[f|s]lonp/width

wheref givesEckert1V (4) ands (Default) givesEckertVI (6). Thelong is thecentralmeridian(which
takes precedencever the mid-valueimplied by the —R setting). A simple Eckert VI world mapis thus
generatedby

pscoast -R0/360/-90/90 -JKs180/9i -B60g30/30g15 -Dc -A5000 -G180/120/60 \
-5100/180/255 -W0.25p >! map.ps

Exercises

1. Centerthemapon Greenwich.

2. Add amapscalewith —L.
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2. SESSIONTWO

2.1 GeneralInformation

Thereare17 GMY programghatdirectly createor modify plots (Table2.1); the remaining43 aremostly
concernedvith dataprocessingThis sessionwill focuson thetaskof plotting lines, symbols,andtext on
maps. We will build on the skills we acquiredwhile familiarizing ourseheswith the variousGw> map
projectionsaswell ashow to selecta datadomainandboundaryannotations.

Program | Purpose

BASEMAPS

psbasemap Createanemptybasemagramewith optionalscale

pscoast Plot coastlinesfilled continentsrivers,andpolitical borders

POINTSANDLINES

pswiggle Draw spatialtime-seriesalongtheir (x, y)-tracks

psxy Plot symbols polygons,andlinesin 2-D

psxyz Plot symbols polygons,andlinesin 3-D

HISTOGRAMS

pshistogram Plotarectangulahistogram

psrose Plota polarhistogram(sector/rosdiagram)
CONTOURS

grdcontour Contouringof 2-D griddeddatasets

pscontour Direct contouringor imagingof xyzdataby optimaltriangulation
SURMRACES

grdimage Producecolorimagesfrom 2-D griddeddata

grdvector Plot vectorfieldsfrom 2-D griddeddata

grdview 3-D perspectie imagingof 2-D griddeddata
UTILITIES

psclip Usepolygonfiles to initiate customclipping paths

psimage Plot Sunrasterfiles

psmask Createclipping pathsor generateverlayto mask

psscale Plot grayscaleor colorscalebar

pste xt Plot textstringson maps

Table2.1: List of all 1-D and2-D plotting programsn GMT

Plotting lines and symbols,psxy is one of the mostfrequentlyusedprogramsin GMY. In addition
to thecommoncommandine switchesit hasnumerousspecificoptions,andexpectsdifferentfile formats
dependingon what symbolhasbeenselected. Thesecircumstancesnakes psxy harderto masterthan
mostGMD tools. Table2.2 shavs a completdist of the options.

Option Purpose
-A Suppressine interpolationalonggreatcircles
—Ccpt Let symbolcolor be determinedrom z-valuesandthecptfile
—E[x|X][y|Y][cad[/perl | Draw selectecerrorbarswith specifiedattributes
—Gfill Setcolorfor symbolor fill for polygons
-L Explicitly closepolygons
—M([flag] Multiple segmentinput data;headerstartwith flag
-N Do Not clip symbolsat mapborders
—S[symbol]sizg Selectoneof 16 symbols(SeeTable2.3)
—Wpen Setpenfor line or symboloutline

Table2.2: Optionalswitchesin the psxy program

Thesymbolscaneitherbetransparenfusing—W only, not—G) or solid (-G, with optionaloutlineusing
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—W). The—S optiontakesthe codefor the desiredsymbolandoptionalsizeinformation. If no symbolis
givenit is expectedo bein thelastcolumnof theinputfile. The sizeis optionalsinceindividual sizesfor
symbolsmaybe providedby theinput data.The 15 symbolsavailableto usare

Option Symbol

—Sasize star; sizeis radiusof circumscribingcircle

—Shsizd/basé[ u] bar; sizeis barwidth, appendu if sizeis in x-units
Bar extendsfrom base[0] to they-value

—Seize circle; sizeis thediameter

—Sdsize diamond;sizeis its side

-Se dlipse; direction(CCW from horizontal),major, andminor axesin inches
arereadfrom theinputfile

-SE dlipse; azimuth(CW from vertical), major, andminor axesin kilometers

arereadfrom theinputfile

—Sfgap'tick[I|L|r|R]

fault; gapandtick setlengthof anddistancebetweerticks.

If gap< 0it meanghenumberof ticks. | or r will draw ticksto left or right
sideof line [Defaultis centered]

Useuppercasel or R to draw trianglesinsteadof ticks

—Shsize hexagon;sizeis its side

—Sisize invertedtriangle;sizeis its side

—Slsizdstring[%fonf] letter;sizeis fontsize.Appendaletteror text string,andoptionallya font
-Sp point; nosizeneeded pixel at currentresolutionis used)

—Ssize sgquare sizeis its side

—Stsize triangle;sizeis its side

—S\thick/lengthiwidth][ nnorm

vector;direction(CCW from horizontal)andlengtharereadfrom input data
Optionally appendhethicknessof the vectorandthewidth andlengthof the
arronv-head.If thennormis appendedall vectorswhoselengthsarelessthan
normwill have their attributesscaledby lengthhorm

—SVthick/lengthwidth][ nnorn

vector exceptazimuth(degreeseastof north)is expectednsteadof direction
Theangleonthemapis calculatedbasedn the chosemrmapprojection

—Sw[size

pie sedge;startandstopdirections(CCW from horizontal)arereadfrom input data

-Sxsize

cross;sizeis lengthof crossindines

Table2.3: The symboloptionin psxy . Lower casesymbols(a, ¢, d, h, i, s,t, x) will fit insidea circle of
givendiameter Uppercasesymbols(A, C, D, H, I, S, T, X) will have areaequalto thatof acircle of given

diameter

Becausesomesymbolsrequiremoreinput datathanothers,andbecause¢he sizeof symbolsaswell as
their color canbe determinedrom theinput data,the formatof datacanbe confusing.The generaformat
for theinputdatais (optionalitemsarein braclets[]):

xy[z] [size] [ ox][ oy][ symbol]

The only requiredinput columnsarethe first two which mustcontainthe longitudeand|atitude (or x
andy). Theremainingitemsapplywhenone(or more)of thefollowing conditionsaremet:

1. If you wantthe color of eachsymbolto be determinedndividually, supply a cptfile with the —C
optionandlet the 3rd datacolumncontainthe z-valuesto be usedwith the cptfile.

2. If you wantthe size of eachsymbolto be determinedndividually, appendthe sizein a separate

column.

3. Todraw errorbars,usethe—E optionandgive oneor two additionaldatacolumnswith the +dx and
+dy values;the form of —E determinesf one (—Ex or —Ey) or two (—Exy) columnsareneeded.If
uppercaseflags X or Y aregiventhenwe will insteaddraw a “box-and-whisler” symbolandthe
ox (or oy) mustrepresen# columnscontainingthe minimum, the 25 and 75% quartiles,and the
maximumvalue. The givencoordinatds takenasthe 50% quartile(median).
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4. If youdraw vectorswith —Sv (or —SV) thensizeis actuallytwo columnscontainingthedirection(or
azimuth) andlengthof eachvector

5. If youdraw ellipses(—Se thensizeis actuallythreecolumnscontainingthedirectionandthe major
andminor axesin inches(with —SEwe expectazimuthinsteadandaxesin km).

Beforewe try someexampleswe needto discusstwo key switches;they specify penattributesand
symbolor polygonfill.

2.1.1 Specifyingpenattrib utes

A penin GVY hasthreeattributes: width, color, andtexture. Most programswill acceptpenattributesin
theform of anoptionargumente.g.,

—Wwidth[/color][ ttexture][ p]

— Wdth is normally measuredn units of the currentdevice resolution(i.e., DOTS_PRINCH in your
.gmtdetultsfile). Thus,if thedpi is setto 300this unit is 1/300thof aninch. Appendp to specify
penwidth in points(1/72 of aninch)l. Notethata penthicknessof 5 will be of differentphysical
width dependingon your dpi setting, whereasa thicknessof 5p will always be 5/72 of aninch.
Minimum-thicknespenscanbe achievedby giving zerowidth, but theresultis device-dependent.

— Thecolor canbe specifiedasa gray shadein the range0-255(linearly going from blackto white) or
usingthe RGB systemwhereyou specifyr/g/b, eachrangingfrom 0—-255. Here 0/0/0is black and
255/255/255s white.

— Thetexture attribute controlsthe appearancef theline. To geta dottedline, simply append‘'to” after
the width and color aguments;a dashedpenis requestedvith “ta”. For exact specifications/ou
may append‘tstring.offset, wherestring is a seriesof integersseparatedy underscoresThese
numbergepresena patternby indicatingthelengthof line sgmentsandthe gapbetweersegments.
The offsetphase-shiftshe patternalongtheline. For example,if youwanta yellow line of width 2
thatalternatedbetweeriong dasheg20 units),a 10 unit gap,thena5 unit dash thenanotherl 0 unit
gap,with patternoffsetby 10 units from the origin, specify—W2/255/255/620.10.5.10:10. Here,
thetexture unitscanbe specifiedn dpi unitsor points(seeabove).

2.1.2 Specifyingfill attrib utes

Marny plotting programswill allow the userto draw filled polygonsor symbols. The fill may take two
forms:

—Gfill
—Gpdpi/patterri: Br/g/b[Fr/g/b]]

In thefirst casewe may specifya gray shade(0—255)or a color (r/g/b in the 0-255range),similar to
the pencolor settings.The secondorm allows usto usea predefinedit-imagepattern. The patterncan
eitherbeanumberin therangel-90or thenameof al-, 8-, or 24-bit Sunrasterfile. Theformerwill result
in oneof the 90 predefined4 x 64 bit-patterngprovidedwith Gw> andreproducedn AppendixE in the
TechnicalReferenceThelatterallows the userto createcustomizedrepeatingmagesusingstandardsun
rasterfiles Thedpi parametesetsthe resolutionof thisimageonthepage;thearedfill is thusmadeup of a
seriesof these'tiles”. Specifyingdpi asO will resultin highestresolutionobtainablegiventhe presentdpi
settingin .gmtdefwults By specifyinguppercase-GP insteadof —Gp theimagewill be bit-reversedj.e.,
white andblackareaswill beinterchangedonly appliesto 1-bitimagesor predefinedit-imagepatterns).
For thesepatternsandotherl-bitimagesonemayspecifyalternatve backgroundndforegroundcolors(by
appendingBr/g/b[Fr/g/b]) thatwill replacethe defaultwhite andblackpixels,respectiely. Settingoneof

1postScriptdefinition. In thetypesettingndustryaslighly differentdefinition of point (1/72.27inch)is used.



CHAPTERZ2. SESSIONTWO 18

the fore- or backgrounccolorsto - yields a transparenimagewhereonly the back-or foregroundpixels
will be painted.Dueto PostScriptimplementatiorimitationsthe rasterimagessedwith —G mustbeless
than146x 146 pixelsin size;for largerimagesseepsima ge. Theformatof Sunrasterfilesis outlinedin

AppendixB in the TechnicalReferenceNotethatunderPostScriptlLevel 1 the patternsarefilled by using
the polygonasa clip path Complex clip pathsmay requiremorememorythanthe PostScriptinterpreter
hasbeenassigned.Thereis thereforethe possibility that somePostScriptinterpretergespeciallythose
suppliedwith olderlaserprinters)will runoutof memoryandabort. Shouldthatoccurwe recommendhat
you usearegulargrayshaddill insteadof the patternsinstallingmorememoryin your printermayor may
not solve the problem!

2.1.3 Examples

Wewill startoff usingthefile datain your directory Usingthe Gw> utility minmax we find the extentof
the dataregion:

minmax data
whichreturns
data: N =7 <1/5> <1/5>

telling usthatthefile datahas7 recordsandgivesthe minimumandmaximumvaluesfor thefirst two
columns.Givenour knowledgeof how to setup linear projectionswith —R and—JX, try thefollowing:

1. Plotthedataastransparentirclesof size0.3inches.
2. Plotthedataassolid white circlesinstead.

3. Plotthedatausing0.5” starsmakingthemredwith athick (width = 1.5p),dashecpen.
To simply plot thedataasa line we chooseno symbolandspecifya penthicknessnstead:

psxy data -R -JX -P -B -WO0.5p >! plot.ps

2.1.4 Exercises

1. Plotthedataasagreen-blugolygoninstead.

2. Try usingapredefinegattern.

A commonquestionis : “How canl plot symbolsconnectedy aline with psxy?”. The answeris that
we mustcall psxy twice. While this soundscumbersoméhereis a reasonfor this: Basically polygons
needto be keptin memorysincethey mayneedto beclipped,hencecomputerRAM placesalimit on how
large polygonswe may plot. Symbols,ontheotherhand,canbe plottedoneat thetime sothereis nolimit
to haw mary symbolsonemay plot. Thereforeto connectsymbolswith a line we mustusethe overlay
approach:

psxy data -R -JX -B -P -K -W0.5p >! plot.ps
psxy data -R -JX -O -W -Si0.2i >> plot.ps

Ourfinal psxy exampleinvolvesa morecomplicatedscenaridn which we wantto plot the epicenters
of several earthquaksover the backgroundf a coastlinebasemapWe wantthe symbolsto have a size
thatreflectsthe magnitudeof the earthquaks,andthattheir color shouldreflectthe depthof the hypocen-
ter. You will find the two files quakes.ngdcand qualkes.cptin your directory The first few linesin the
guales.ngddookslik e this:
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Historical Tsunami Earthquakes from the NGDCDatabase
Year Mo Da Lat+tN Long+E Dep Mag

1987 01 04 49.77 14929 489 4.1

1987 01 09 3990 141.68 067 6.8

Thusthefile hasthreeheaderrecords(includingtheblankline), but we areonly interestedn columns
5,4, 6,and7. In additionto extractthosecolumnswe mustalsoscalethe magnitudesnto symbolssizes
in inches.Giventheir rangeit lookslike multiplying the magnitudeby 0.02will work well. Reformatting
thisfile to complywith the psxy inputformatcanbedonein anumberof ways,includingmanualediting,
usingMATLAB, aspreadsheegirogram,or UNIX tools. Here,without furtherelaborationwe simply use
the UNIX tool awk to dothejob ($5 refersto the 5'th columnetc.):

awk if (NR > 3) print $5, $4, $6, 0.02*$7}Y quakes.ngdc  >! quakes.d

Theoutputfile qualkes.dshouldnow look lik e this (try it!):

14929  49.77 489 0.082
141.68 39.90 067 0.136
...etc etc

We will follow cornventionalcolor schemedor seismicityandassignredto shallov quakes(depthO—
100km), greento intermediateyualkes(100-30km), andblueto deepearthquaks(depth> 300km). The
quales.cpfile establishetherelationshipbetweerdepthandcolor:

# color palette for seismicity

#20 red green blue z1 red green blue

0 255 0 0 100 255 0 0
100 0 255 0 300 0 255 0
300 0 0 255 1000 0 0 255

Apart from commentlines (startingwith #), eachrecordin the cpt file governsthe color of a symbol
whosez valuefallsin therangebetweergy andz. If thelowerandupperred/green/bludripletsdifferthen
anintermediatecolor will belinearly interpolatedyiventhe z value. Here,we have chosenconstantolor
intervals.

We maynow completeour exampleusingthe Mercatorprojection;we throw in amapscaleout of pure
generosity:

pscoast -R130/150/35/50 -JM6i -B5 -P -G200 -Lf134/49/42.5/500 -K >!' map.ps
psxy -R -JM -O -Cquakes.cpt quakes.d -Sci -WO0.25p >> map.ps

wherethei appendedo the—Scoptionensureshatsymbolssizesareinterpretedo bein inches.

2.1.5 Moreexercises
1. Selectanothersymbol.

2. Letthedeepearthquaksbe cyaninsteadof blue.

2.2 Plotting text strings

In mary situationswe needto annotateplots or mapswith text strings;in GM> thisis doneusingpste xt.
Apart from thecommonswitchesthereare7 optionsthatareparticularlyuseful(Table2.4).
Theinput datato pste xt is expectedo containthefollowing information:
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Option Purpose
—Cdx/dy Spacingbetweertext andthetext box (see-W)
—Ddx/dy Offsetstheprojectedocationof the strings
—Gfill Setsthecolor of thetext
-L Liststhefont ids andexits
-N Deactvatesclipping attheborders
—-Spen Selectoutlinefont andsetspenattributes
—WIfill][o[per]] | Paintthetext box;draw theoutlineif o is appendedalsosee-C)

Table2.4: Someof the mostfrequentlyusedoptionsin pste xt

Figure2.1: Relationshifbetweerthetext box andthe extra clearance

Xy sizeanglefontnojustify text

Thesizearguments thefont sizein points,theangleis theangle(measuredounterclockwisepetween
thetext’'s baselineandthe horizontal justify indicateswhich point on the text-string shouldcorrespondo
the givenx, y location,andtext is the text string or sentenceo plot. Figure?2.2 illustratestheseconcepts
andshaws therelevanttwo-charactecodesusedfor justification.

L (Left) C (Center) R (Right)

T S
\/ 0D\ M (Middle)
Iy 1 exXt e

LM TR

Figure2.2: Justification(andcorrespondingharactecodes)or text strings

The text string canbe one or several words and may include octal codesfor specialcharactersand
escape-sequenceasedto selectsubscriptsor symbolfonts. The following escapesequencesre recog-
nized:

Note that theseescapesequencegaswell asoctal codes)canbe usedanywherein GMY including
asargumentgo the—B option. A chartof octal codescanbe foundin AppendixF in the Gw> technical
referencebook. For accented=uropearcharactersyou mustsetWANT _EURO_FONT to TRUE in your
.gmtdetultsfile.

We will demonstrat@stet with thefollowing script:

cat << EOF | pstext -RO/7/0/7 -JX7i  -P -Blgl -G255/128/0 | ghostview -
1130 04BLIts P@al not Pall

12 30 04 BL Try @%33%ZapfChancery@%%oday

133004 BL @D@g@-b@-= 2@ pr@"G@ D@"h.

1 4 30 0 4 BL University of Hawaii at M@!a\305no0a

EOF

Herewe have usedthe “here document’notationin UNIX: The << EOFwill treatthefollowing lines
astheinputfile until it detectsghe word EOF We pipe the PostScriptdirectly throughghostview (the —
tells ghostviewthatpiping is happening).
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Code Effect
@~ Turnssymbolfont on or off
@%ontndo | Switchesto anotherfont; @%%resetgo previousfont
@+ Turnssuperscripbn or off
@- Turnssubscripton or off
o# Turnssmallcapson or off
@! Createonecompositecharacteof the next two characters|
Q@ Printsthe @ signitself
@E@e FEee
@0 @o ()]
@A @a Aa

2.3 Exercises

Table2.5: GMT text escapesequences

1. Aty =5, addthesentencéz® = x? + y?".

2. At y= 6, addthesentencélt is 8C° today”.

21
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3. SESSIONTHREE

3.1 Contouring gridded data sets

GMY comeswith several utilities that can creategriddeddatasets;we will discusstwo suchprograms
laterthis session First, we will assumehatwe alreadyhave griddeddatasets.In the supplementaizvd
archive thereis a programthat senesasa dataextractorfrom several public domainglobal griddeddata
sets. Among thesedataare ETOPO5, crustalages,gravity andgeoid,and DEM for the continentalUsS.
Here,wewill usegrdraster to extracta GMD-readygrid thatwe will next usefor contouring:

grdraster 1 -R-66/-60/30/35 -Gbermuda.grd -V
We first usethe GMY programgrdinf o to seewhat’sin thisfile:
grdinfo  bermuda.grd

Thefile containdbathymetryfor the Bermudaregionandhasdepthvaluesfrom -5475to -89 meters We
wantto make a contourmapof this data;this is a job for grdcontour . As with previousplot commands
we needto setup the mapprojectionwith —J. Here,however, we do not have to specifythe region since
thatis by defaultassumedo bethe extentof thegrid file. To generatery plot we will in additionneedto
supplyinformationaboutwhich contoursto draw. Unfortunately grdcontour is a complicatedorogram
with too mary options.We put a positive spinon this situationby toutingits flexibility . Herearethe most
usefuloptions:

Option Purpose
—Aanot.int Annotationintenal
—Ccontint Contourinterval
—Ggap Setsdistancebetweercontourannotations
—Llow/high Only draw contourswithin thelow to highrange
—Nunit Appendunit to contourannotations
—Qcut Do notdraw contourswith fewer thancut points
—Ssmooth Resampleontoursevery x_inc/smoothincrement
—T[+|-][gaplengtf[: LH] | Draw tick-marksin downhill directionfor innermostlosedcontours
Add tick spacingandlength,andcharacterso plot atthe centerof closedcontours.
—-WI[a|c]pen Setcontourandannotatiorpens
—Zfactor{/offsei [Subtractoffse] andmultiply databy factor prior to processing

Table3.1: Themostusefuloptionsin grdcontour

Wewill first make aplain contourmapusingl km asannotatiorinterval and250m ascontourinterval.
We choosea 7-inch-wideMercatorplot andannotatehe bordersevery 2°:

grdcontour bermuda.grd  -JM7i -C250 -A1000 -P -B2 | ghostview -

3.1.1 Exercises
1. Add smoothingwith —$4.
. Try tick all highsandlows with —T.
. Skip smallfeatureswith —Q10.

2

3

4. Overrideregion using—R-70/-60/25/35.

5. Try anotherregionthatclips our datadomain.
6

. Scaledatato km andusethe km unit in theannotations.
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3.2 Gridding of arbitrarily spaceddata

Exceptin the situationabove whena griddedfile is available,we mustcornvert our datato theright format

readabldy GMY beforewe canmake contourplotsandcolor-codedimages.We distinguishbetweertwo
scenarios:

1. The(x, y, 2) dataareavailableon aregularlattice grid.

2. The(x, Y, 2) dataaredistributedunevenlyin theplane.

Theformersituationmayrequireasimplereformatting(usingxyz2gr d), while thelattermustbeinter-
polatedontoaregularlattice; this processs known asgridding. GMY supportshreedifferentapproaches
to gridding; here,we will briefly discusghe two mostcommontechniques.

All avd gridding programshave in commonthe requirementhatthe usermustspecifythe grid do-
mainandoutputfilename:

—Rxmin’xmaxyminymax Thedesiredgrid extent

—Ixindm|c][/yinc[m|c]] Thegrid spacing(appendm or c for minutesor second®f arc)
—Ggridfile Theoutputgrid filename

3.2.1 Nearestneighbor gridding

/|

| m/

N2

Figure3.1: Searclgeometryfor nearneighbor

TheGwMY programnearneighbor implementsa simple“nearesieighbor’averagingoperation.It is
the preferredway to grid datawhenthe datadensityis high. nearneighbor is alocal procedurewhich
meangt will only considerthe control datathatis closeto the desiredoutputgrid node. Only datapoints
insidea searchradiuswill be used,andwe may alsoimposethe conditionthateachof the n sectoramust
have at leastonedatapointin orderto assignthe nodalvalue. The nodalvalueis computedasa weighted
averageof the nearestlatapoint persectorinsidethe searctradius,with eachpoint weightedaccordingo
its distancefrom the nodeasfollows:

-1
— YLizw or?
i YL Wi W * R?

Themostimportantswitchesarelistedin Table3.2.

We will grid the datain the file ship.xyzwhich containsship obsenationsof bathymetryoff Baja
California. We desireto make a5’ by 5’ grid. Runningminmax onthefile yields

ship.xyz: N = 82970 <245/254.705><20/29.99131><-7708/-9>

sowe chooseheregion accordingly:
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Option Purpose
—Sadiugk] | Setssearchradius.Appendk to indicateradiusin kilometers[Defaultis x-units]
—Eempty Assignthis valueto unconstrainetiodegDefaultis NaN]
—Nsectos Sectorsearchjndicatenumberof sectordDefaultis 4]
-W Readrelative weightsfrom the 4th columnof input data

Table3.2: Switchesusedwith thenearneighbor program

nearneighbor -R245/255/20/30 -I5m -S40k -Gship.grd -V ship.xyz
We may getaview of the contourmapusing

grdcontour  ship.grd -JM6i  -P -B2 -C250 -A1000 | ghostview -

Exercises

1. Try usinga 100km searchradiusanda 10 minutegrid spacing.

3.2.2 Gridding with Splinesin Tension

As an alternative, we may usea global procedureto grid our data. This approachjmplementedn the
programsurface , represent@nimprovementover standardminimum curvaturealgorithmsby allowing
usersto introducesometensioninto the surface. Physically we aretrying to force a thin elasticplate
to go throughall our datapoints; the valuesof this surfaceat the grid points becomethe griddeddata.
Mathematicallywe wantto find the functionz(x,y) thatsatisfieghefollowing constraints:

Z(Xi, Yi) = Zc, for all data(x, Yk, z),k = 1,n
(1-t)0%—t0%z=0 elsevhere

wheret is the “tension”, 0 <t < 1. Basically ast — 0 we obtainthe minimum curvaturesolution,
while ast — o we go towardsa harmonicsolution(whichis linearin cross-section)Thetheorybehindall
thisis quiteinvolvedandwe do nothave thetime to explainit all here pleaseseeSmithandWesse[1990]
for details. Someof the mostimportantswitchesfor this programareindicatedin Table3.3!.

Option Purpose
—Aaspect | Setsaspecratio for anisotropiagrids.
—Climit Setscornvergencelimit. Defaultis 1/10000f datarange.
—Ttension | Setsthetension[Defaultis 0]

Table3.3: Someof the optionsin surface

3.2.3 Preprocessing

Thesurface programassumeshatthe datahave beenpreprocessetb eliminatealiasing,hencewe must

ensurethatthis stepis completedprior to gridding. GMY> comeswith threepreprocessorsalledbloc k-

mean, blockmedian , andblockmode . The first averagesvaluesinside the grid-spacingboxes, the

secondeturnsmedianvalues,wile thelatter returnsmodalvalues.As arule of thumb,we usemeandor

mostsmoothdata(suchaspotentialfields)andmediangor modes)or rough,non-Gaussiadata(suchas

topography)In additionto therequired-R and—I switchesthesepreprocessorsakesthe sameoptions:
With respecto our shipdatawe preprocesg usingthe medianmethod:

blockmedian  -R245/255/20/30 -I5m -V ship.xyz  >! ship_5m.xyz

1The—A optionis necessaryor geographiarids sincex_inc shrinkswith latitude. Rule of thumb: setaspect= cosineof the
averagelatitude.
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Option Purpose
-N Choosepixel registration[Defaultis gridline]
—WIilo] | Appendi or o to reador write weightsin the 4th column

Table3.4: Someof the preprocessingptions

Theoutputdatacannow be usedwith surface:
surface  ship_5m.xyz  -R245/255/20/30 -I5m -Gship.grd -V

If yourerungrdcontour onthenew grid file (try it!) youwill noticeabig differencecomparedo the
grid madeby nearneighbor : sincesurface is aglobalmethodit will evaluatethe solutionatall nodes,
evenif thereareno dataconstraints Therearenumerousptionsavailableto usat this point:

1. We canresetall nodestoo far from a dataconstrainto the NaN value.
2. We canpourwhite paintover thoseregionswherecontoursareunreliable.
3. We canplot thelandmassvhichwill cover most(but notall) of theunconstraine@reas.

4. We cansetup aclip pathsothatonly the contoursin the constrainedegion will show.

Here we have only time to explore the latter approach. The psmask programcanreadthe same
preprocessedataandsetup a contourmaskbasedn thedatadistribution. Oncetheclip pathis activated
we cancontourthefinal grid; we finally deactvatethe clipping with a secondcall to psmask . Heresthe
recipe:

psmask -R245/255/20/30 -I5m ship_5m.xyz -JM6i -B2 -P -K -V >! map.ps
grdcontour  ship.grd -JM -O -K -C250 -A1000 >> map.ps
psmask -C -O >> map.ps

3.3 Exercises

1. Add the continentsusingary coloryouwant.

2. Colortheclip pathlight gray (use—G in thefirst psmask call).
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4. SESSIONFOUR

In ourfinal sessiorwe will concentrat@n colorimagesandperspectie views of griddeddatasets.Before
we startthatdiscussiorwe needto covertwo importantaspect®f plotting thatmustbe understoodThese
are

1. Colortablesandpseudo-colorin GvYY.

2. Atrtificial illumination andhow it affectscolors.

4.1 The cpt file format

The cptfile hasalreadybeenbriefly mentionedn connectionwith our seismicityplot in sessior?. Here
we will treattheissuein moredetail. The generaformatof cptfilesis

2y Rmin  Gmin  Bmin 21 Rmax Gmax Bmax [Al

Zn—2 Rmin  Gmin Bmin Zn—1 Rmax Gmax Bmax [A]

Sincea cpt file may containonly shadesf gray (herelisted asthe red component) the greenand
blue columnsare optionalandonly usedfor color tables.An optionalfinal columnmay be usedto affect
annotationof color bars(createdby psscale ). The U, L, andB flags (positionA) indicatewe wantto
annotateheupper lower, andbothcolor boundariestespectiely. Alternatively, you canusethepsscale
—B optionin the sameway you useit in, say psbasemap .

Cptfiles canbe createdn any numberof ways.GMD providestwo mechanisms:

1. Createsimple, linear color tablesgiven a mastercolor table (several are built-in) and the desired
z-valuesat color boundariegmakecpt )

2. Createcolor tablesbasedon a mastercpt color table and the histogram-equalizedistribution of
z-valuesin agriddeddatafile (grd2cpt )

Onecanalsomake thesefiles manuallyor with awk or othertools. Herewe will limit our discussiono
makecpt . Its mainargumentis the nameof the mastercolor table(alist is shawvn if you runthe program
with no argumentskandthe equidistant-valuesto gowith it. The mainoptionsaregivenbelow.

Option Purpose

-C Setthe nameof the mastercptfile to use

=l Reversethe senseof the color progression
-V Runin verbosemode

-Z Make a continuougatherthandiscretetable

Table4.1: Primeoptionsavailablein makecpt

To make discreteandcontinuouscolor cptfiles for datathatrangesrom -20to 60, with color changes
atevery 10, try thesetwo variants:

makecpt -Crainbow -T-20/60/10 >l disc.cpt
makecpt -Crainbow -T-20/60/10 -Z >! cont.cpt

We canplot thesecolortableswith psscale ; the optionsworth mentioningherearelistedin Table4.2.
In addition,the—B optioncanbe usedto setthetitle andunit label (andoptionallyto settheanotation-,
tick-, andgrid-line internvalsfor the colorbars.)

psbasemap -R0/8.5/0/11 -Jx1i  -P -BO -K >! bar.ps

psscale  -D3i/3i/4i/0.5ih -Cdisc.cpt -B:discrete: -O -K >> bar.ps
psscale  -D3i/5i/4i/0.5ih -Ccont.cpt -B:continuous: -O -K >> bar.ps
psscale  -D3i/7i/4i/0.5ih -Cdisc.cpt -B:discrete: -10.5 -0 -K >> bar.ps

psscale -D3i/9i/4i/0.5ih -Ccont.cpt -B:continuous: -10.5 -O >> bar.ps
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Option Purpose
—Ccptfile Therequiredcptfile
—Dxpogypodlengthiwidth[h] | Setsthepositionof the center/leftanddimensionf scalebar
Appendh to gethorizontalbarandgive center/topnstead
—Imaxintensity Add illumination effects

Table4.2: Themainswitchesandoptionsin psscale

4.1.1 Exercises

1. Redothemakecpt exerciseusingthe mastertablehotandredothebarplot.

2. Try specifying—B10g5.

4.2 Illlumination and intensities

awMd allows for artificial illumination andshading. Whatthis meansis thatwe imaginean artificial sun
placedatinfinity in someazimuthandelevationpositionilluminating our surface.The partsof the surface
thatslopetowardthe sunshouldbrightenwhile thosesidesfacingaway shouldbecomedarker; no shadavs
arecastasa resultof topographiaundulations.

While it is clearthat the actualslopesof the surfaceand the orientationof the sunenterinto these
calculationsthereis clearlyanarbitraryelementwhenthe surfaceis nottopographiaelief but someother
quantity For instancewhat doesthe slopetoward the sun meanif we are plotting a grid of heatflow
anomalies?While therearemary waysto accomplishwhatwe want, GM> offersarelatively simpleway:
We may calculatethegradientof the surfacein thedirectionof thesunandnormalizethesevaluesto fall in
the+1range;+1 meangmaximumsunexposureand-1 meansompleteshade Althoughwewill notshov
it here,it shouldbe addedthat GMD treatstheintensitiesasa separatalataset. Thus,while thesevalues
are often derived from the relief surfacewe wantto imagethey could be separatelyobsened quantities
suchasback-scatteinformation.

Colorsin GV arespecifiedin the RGB systemusedfor computerscreensjt mixesred, green,and
bluelight to achieve othercolors. The RGB systemis a Cartesiarcoordinatesystemandproduces color
cube.For reason®etterexplainedin Appendix! in the Referencéookit is difficult to darkenandbrighten
acolorbasednits RGB valuesandanalternatve coordinatesystemis usedinstead herewe usethe HSV
system.If you hold the color cubeso that the black andwhite cornersare alonga vertical axis, thenthe
other 6 cornersprojectonto the horizontalplaneto form a hexagon;the cornersof this hexagonarethe
primary colorsRed, Yellow, Green,Cyan, Blue, andMagenta. The CMY colorsarethe complimentary
colorsandareusedwhenpaintsaremixedto producea new color (this is how printersoperatethey also
addpureblack(K) to avoid makinggrayfrom CMY). In this coordinatesystentheangle0—-360 is thehue
(H); the SaturatiorandValueareharderto explain. Suffice it to sayherethatwe intendto darkenary pure
color (onthe cubefacets)y keepingH fixedandaddingblackandbrightenit by addingwhite; for interior
pointsin the cubewe will addor remove gray. This operationis efficiently donein the HSV coordinate
system;henceall GVM> shadingoperationsinvolve translatingfrom RGB to HSV, do the illumination
effect, andtransformbackthe modifiedRGB values.

4.3 Color images

Oncea cptfile hasbeenmadeit is relatively straightforvardto generatea colorimageof a griddeddata.
Here,wewill extracta subsebf theglobal30” DEM (dataid 9) from USGS:

grdraster 9 -R-108/-103/35/40 -Gus.grd

Usinggrdinf o wefind thatthedatarangegrom ~1000mto ~4300msowe make acptfile accordingly:
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makecpt -Crainbow  -T1000/5000/500 -Z >! topo.cpt

Colorimagesaremadewith grdima ge which takesthe usualcommoncommandoptions(by default
the—R is takenfrom the dataset)anda cptfile; themainotheroptionsare

Option Purpose
—Edpi Setsthe desiredresolutionof theimage[Defaultis dataresolution]
—lintenfile | Useartificial illumination usingintensitiesfrom intensfile
-M Forcegrayshadeisingthe (television) Y1Q corversion

Table4.3: Themainoptionsin grdimage

We wantto make a plain color mapwith a color barsuperimposedbove the plot. We try

grdimage us.grd -JM6i -P -B2 -Ctopo.cpt -V -K >! topo.ps
psscale  -D3i/8.5i/5i/0.25ih -Ctopo.cpt -10.4  -BI'm: -O >> topo.ps

Theplain colormaplacksdetailandfails to revealthetopographiccompleity of this Rocky Mountain
region. Whatit needsis artificial illumination. We wantto simulateshadingby a sunsourcein the east,
hencewe derive therequiredintensitiesfrom the gradientf thetopographyin the N9O°E directionusing
grdgradient . Otherthantherequiredinput andoutputfilenamesthe availableoptionsare

Option Purpose
—Aazimuth Azimuthaldirectionfor gradients
-M Indicatesthatthis is ageographigrid

—N[t|e][norm/offsel] | Normalizegradientsby norm/ofset[= 1/0 by default].
Insertt to normalizeby thetan™! transformation.
Inserte to normalizeby the cumulatize Laplacedistribution.

Table4.4: Thegrdgradient options

Figure4.1 shows thatraw slopesfrom bathymetrytendto befar from normally distributed (left). By
usingtheinversetangentransformatiorwe canensureamoreuniformdistribution(right). Theinversetan-
genttransformsimply takestheraw slopeestimatgthex valueatthearrow) andreturnsthe corresponding
inversetangentvalue(normalizedo fall in the £1 range;horizontalarrow pointingto they-value).

20 L L L l L L L
Raw ] tan
15  slopes 5 4 A transformed
10 -0
2
5 -5 -
——"‘

0 T T -1 0

-0.5 0.0 05 -4 2 0 2 4 -0.5 0.0 05

Figure4.1: How theinversetangenioperationworks

Both—Neand—Nt yield well beharedgradients Personallywe preferto usethe—Neoption;thevalue
of normis subjectve andyou may experimentsomeavhatin the 0.5-5range.For our casewe choose

grdgradient us.grd -Ne0.8 -A100 -M -Gus_i.grd
Giventhecptfile andthetwo griddeddatasetswe cancreatethe shadedelief image:

grdimage us.grd -lus_i.grd -JM6i -P -B2 -Ctopo.cpt -K >!' topo.ps
psscale  -D3i/8.5i/5i/0.25ih -Ctopo.cpt -10.4  -BI'm: -O >> topo.ps



CHAPTER4. SESSIONFOUR 29

4.3.1 Exercises

1. Forceagray-shadémage.

2. Rerungrdgradient with —N1.

4.4 Perspectveviews

Ourfinal undertakingn this tutorial is to examinethree-dimensiongberspectie views. GMY is currently
limited to vantagepointsat infinity; thuswe are unableto do fly-by’s throughcaryonsetc. The GV
modulethatproducegperspectie views of griddeddatafilesis grdview. It canmake two kinds of plots:

1. Meshor wire-frameplot (with or without superimposedontours)

2. Color-codedsurface(with optionalshadingcontoursor draping).

Regardlessf plot type,someargumentanustbe specifiedtheseare

A W N P

. relieffile; a griddeddatasetof the surface.
. =Jfor thedesiredmapprojection.
. =JZheightfor thevertical scaling.

. —Eazimuthelevationfor vantagepoint.

In addition,someoptionsmayberequired:

Option Purpose
—Ccptfile Thecptfileis requiredfor color -codedsurfacesandfor contouredneshplots
—Gdrapefile | Assigncolorsusingdrapefile insteadof relief file
—lintensfile | File with illumination intensities
-Qm Selectameshplot
—Q9m] Surfaceplot usingpolygons;appendm to shav mesh.This optionallows for ~-W
—Qidpi[g] Imageby scan-linecornversion.Specifydpi; append to force gray-shadémage.—B is disabled.
—Wpen Draw contoursontop of surface(exceptwith —Qi)

Table4.5: Themostusefuloptionsin grdview

4.4.1 Mesh-plot

Mesh plots work beston smallerdatasets. We againusethe small subsetof the ETOPO5data over
Bermudaandmake a quick-and-dirtycptfile:

grd2cpt  bermuda.grd -Cocean >! bermuda.cpt

A simplemeshplot canthereforebe obtainedwith

grdview bermuda.grd -JM5i -P -JZ2i -E135/30 -B2 -Cbermuda.cpt >! map.ps

Exercises

1. Selectanothewvantagepointandverticalheight.



CHAPTER4. SESSIONFOUR 30

4.4.2 Color-codedview

We will make a perspeciie, color-codedview of the US Rockiesfrom the southeastThis is doneusing

grdview us.grd -JM6i -E135/35 -Qi50 -lus_i.grd -Ctopo.cpt -V -B2 \
-JZ0.51 >! view.ps

This plot is pretty crudesincewe selectedb0 dpi but it is fastto renderandallows usto try alternate
valuesfor vantagepoint andscaling. Whenwe settleon the final valueswe selectthe appropriatedpi for
thefinal outputdevice andlet it rip.

Exercises
1. Chooseanothewvantagepointandscaling.

2. Redogrdgradient with anotheiillumination directionandreplot.

3. Selecta higherdpi, e.g.,200.
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