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INTR ODUCTION

Thepurposeof this tutorial is to introducenew usersto , outline the environment,andenable
you to makeseveralformsof graphicswithouthaving to know too muchaboutUNIX andUNIX tools.We
will not beableto cover all aspectsof nor will we necessarilycover theselectedtopicsin sufficient
detail. Nevertheless,it is hopedthat theexposurewill prompttheusersto improve their andUNIX
skills aftercompletionof this shorttutorial.

GMT overview: History, philosophy, and usage

Historical highlights

The systemwasinitiated in late 1987at Lamont-DohertyEarthObservatory, ColumbiaUniversity
by graduatestudentsPaul WesselandWalterH. F. Smith. Version1 wasofficially introducedto Lamont
scientistsin July 1988. 1 migratedby word of mouth(andtape)to otherinstitutionsin the United
States,UK, Japan,Franceandattracteda smallfollowing. Paul took a Post-doctoralpositionat SOESTin
December1989andcontinuedthe development.Version2.0 wasreleasedwith an article in EOS,
October1991,andquickly spreadworldwide. We obtainedminor NSF-fundingfor version3.0 in
1993whichwasreleasedwith anotherarticlein EOSonAugust15,1995.Significantlyimprovedversions
(3.1,3.2,3.3,3.3.1–6)werereleasedbetweenNovenber1998andOctober2000,culminatingin theApril
2001releaseof 3.4. now is usedby � 6,000usersworldwidein abroadrangeof disciplines.

Philosophy

follows the UNIX philosophyso that complex tasksarebroken down into smallerandmoreman-
ageablecomponents.Individual modulesaresmall,easyto maintain,andcanbeusedasany other
UNIX tool. waswritten in theANSI C programminglanguage(very portable),is POSIXandY2K
compliant,andis independentof hardwareconstraints(e.g.,memory). wasdeliberatelywritten for
command-lineusage,not a windowsenvironment,in orderto maximizeflexibility . We standardizedearly
onto usePostScriptoutputinsteadof meta-fileformats.Apartfrom thebuilt-in supportfor coastlines,
completelydecouplesdataretrieval from themain programs. usesarchitecture-independentfile
formats.

Why is GMT sopopular?

The price is right! Also, offers unlimited flexibility sinceit canbe calledfrom the commandline,
insidescripts,andfrom userprograms. hasattractedmany usersbecauseof its highqualityPostScript
output. easilyinstallson almostany computer.

GMT installation considerations

hasbeeninstalledon machinesrangingfrom super-computersto lap-topPCs. only contains
some55,000linesof codeandhasmodestspace/memoryrequirements.Minimum requirementsare� ThenetCDFlibrary 3.4(freefrom www.unidata.edu).� A C Compiler(freefrom www.gnu.org).� About100Mb diskspace(70Mb additionalfor full- andhigh-resolutioncoast-lines).� About16 Mb RAM.

In addition,we recommendaccessto a PostScriptprinteror equivalent(e.g.,ghostscript), PostScript
previewer (e.g.,ghostview), any flavor of theUNIX operatingsystem,andmorediskspaceandRAM.
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1. SESSIONONE

1.1 Tutorial setup

1. Weassumethat hasbeenproperlyandfully installedandthatyouhavethestatementsetenv
GMTHOME� path to directory � in your .login asdescribedin the README
file.

2. All manpages,documentation,andexamplescriptsareavailablefromthe documentation
webpage.It is assumedthesepageshave beeninstalledlocally at your site; if not they arealways
availablefrom themainGMT homepage1.

3. We recommendyou createa sub-directorycalled tutorial, cd into that directory, andcopy all the
tutorial filesdirectly therewith “cp -r $GMTHOME/tutorial/* . ”.

4. As we discuss principlesit maybea goodideato consultthe TechnicalReferenceand
Cookbookfor moredetailedexplanations.

5. The tutorial usesthe supplemental programgrdraster to extract subsetsof global gridded
datasets. For your conveniencewe alsosupplythe subsetsin the event you do not wish to install
grdraster andthepublicdatasetsit canread.Thus,runthegrdraster commandsif youhavemade
theinstallationor ignorethemif youhavenot.

6. For all but thesimplest jobsit is recommendedthatyou placeall the (andUNIX) com-
mandsin a cshell scriptfile andmake it executable.To ensurethatUNIX recognizesyour scriptas
a cshell script it is a goodhabitalwaysto startthescriptwith theline #!/bin/csh.All theexamples
in this tutorialassumesyouarerunningthecshell; if youareusingsomethingdifferentthenyouare
onyourown.

7. Making a scriptexecutableis accomplishedusingthe chmod command,e.g.,thescriptfigure 1 is
madeexecutablewith “chmod +x figure 1”.

8. To view a PostScriptfile (e.g.,map.ps) on a UNIX workstationweuseghostviewmap.ps. Onsome
systemstherewill besimilar commands,like imagetoolandpageview on Sunworkstations.In this
text wewill referto ghostview; pleasesubstitutetherelevantPostScriptprevieweron yoursystem.

9. Pleasecd into thedirectorytutorial. We arenow readyto start.

1.2 The GMT envir onment: What happenswhenyou run GMT?

To getagoodgraspon onemustunderstandwhatis goingon“underthehood”. Figure1.1illustrates
therelationshipsyou needto beawareof at run-time.

1.2.1 Input data

A programmay or may not take input files. Threedifferent typesof input arerecognized(more
detailscanbefoundin AppendixB in theTechnicalReference):

1. Datatables.Theseare“spreadsheet”tableswith a fixednumberof columnsandunlimitednumber
of rows. We distinguishbetweentwo groups:� ASCII (Preferredunlessfilesarehuge)

– Singlesegment[Default]
1http://www.soest.hawaii.edu/gmt
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INPUT O
�

UTPUT

ASCII or Binary Table(s)

Gridded Data Set(s)

Color Palette Table (cpt)

Optional

Required

PostScript Plot File

ASCII or Binary Table(s)

Gridded Data Set(s)

Statistics & Summaries

Exit Status

W
�

arnings & Errors

G
�

MT
Application

Program Defaults

J
�

OB CONTROL

Previous Command
Line Options

Command Line Options

Support Data
(Hidden) 

GMT Defaults

Figure1.1: TheGMT run-timeenvironment

– Multi-segmentwith internalheaderrecords(–M)� Binary (to speedup input/output)

– Singlesegment[Default]

– Multi-segment(segmentheadersareall NaNfields)(–M)

2. Griddeddatedsets. Thesearedatamatrices(evenly spacedin two coordinates)that comein two
flavors:� Grid-line registration� Pixel registration

You maychooseamongseveralfile formats(evendefineyour own format),but the default is
netCDF.

3. Colorpalettetable(For imaging,colorplots,andcontourmaps).We will discusstheselater.

1.2.2 Job Control

programsmaygetoperationalparametersfrom severalplaces:

1. Suppliedcommandline options/switchesor programdefaults.

2. Short-handnotationto selectpreviouslyusedoptionarguments(storedin .gmtcommands).

3. Implicitly using defaultsfor a varietyof parameters(storedin .gmtdefaults).

4. May usehiddensupportdatalikecoastlinesor PostScriptpatterns.

1.2.3 Output data

Thereare6 generalcategoriesof outputproducedby :

1. PostScriptplot file.

2. DataTable(s).

3. Griddeddataset(s).

4. Statistics& Summaries.
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5. WarningsandErrors,written to stderr.

6. Exit status(0 meanssuccess,otherwisefailure).

Note: automaticallycreatesandupdatesahistoryof past commandoptionsfor thecommon
switches.Thesehistory file arecalled.gmtcommandsandwill be createdin every directoryfrom which

programsareexecuted.Many initial problemswith usageresultfrom not fully appreciating
therelationshipsshown in Figure1.1.

1.3 The UNIX Envir onment: Entry Level Knowledge

1.3.1 Redirection

Most programsreadtheir input from theterminal(calledstdin) or from files, andwrite their output
to theterminal(calledstdout). To usefiles insteadonecanuseUNIX redirection:

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

Theexclamationsign(!) allowsusto overwriteexisting files.

1.3.2 Piping ( 	 )
Sometimeswewantto usetheoutputfrom oneprogramasinput to anotherprogram.This is achievedwith
UNIX pipes:

Someprogram | GMTprogram1 | GMTprogram2 >! Output-file (or | lp)

1.3.3 Standard error (stderr)

Most UNIX and programswill on occasionwrite error messages.Thesearetypically written to a
separatedatastreamcalledstderrandcanberedirectedseparatelyfrom thestandardoutput(whichgoesto
stdout). To redirecterrormessagesweuse

UNIXprogram >& errors.log

Whenwe want to save bothprogramoutputanderrormessagesto separatefiles we usethefollowing
syntax:

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

1.3.4 File nameexpansionor “wild cards”

UNIX providesseveralwaysto selectgroupsof files basedon namepatterns(Table1.1):

Code Meaning
* Matchesanything
? Matchesany singlecharacter
[list] Matchescharactersin thelist
[range] Matchescharactersin thegivenrange

Table1.1: UNIX wildcards

You cansave muchtime by gettinginto the habit of selecting“good” filenamesthat make it easyto
selectsubsetsof all filesusingtheUNIX wild cardnotation.
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Examples� GMTprogramdata*.d operateson all filesstartingwith “data ” andendingin “.d”.� GMTprogramline ?.dworkson all files startingwith “line ” followedby any singlecharacterand
endingin “.d”.� GMTprogramsection1[0-9]0.part[12] only processesdatafrom sections100 through190, only
usingevery10thprofile,andgetsbothpart1 and2.

1.4 GMT Defaults

Numerousminor options(morethan50) canonly be changedby modifying the defaultssettings.
Thesesettingscontrol suchaspectsof as font typesandsizes,pen thicknessusedfor basemaps,
linear interpolantsusedwheninterpolationis neededandmany more(Figures1.2, 1.3,and1.4 show the
parametersthataffect plots). The defaultsresidein a file named.gmtdefaults. A userwill typically
have a “master” .gmtdefaultsfile in the homedirectory, andpossiblymorespecialized.gmtdefaultsfiles
in certainsub-directories. If no suchfile exist in the currentdirectory, will attemptto openthe
user’smasterdefaultsfile. If it is not presentthenthe site-specific defaultsareused. Thesecome
presetfrom the developersbut may be modifiedprior to installation. Onetypical changeat
this level is to selectSI units ratherthanthe default US/British units. It is recommendednot to modify
thesystem defaultssubstantiallysincesomeapplicationsmayrely on thepresenceof a standardset
of default values.Usersmaycreatea new .gmtdefaultsfile with thecurrent presetvaluesusingthe
gmtdefaults utility.

Plot Title

60˚W 50˚W 40˚W 30˚W

10 S

0˚

10˚N

HEADER_FONT

H



EADER_FONT_SIZE

BASEMAP_TYPE

B
�

ASEMAP_FRAME_RGB

FRAME_WIDTH

TICK_PEN

T
�

ICK_LEN

A


NOT_OFFSET

G
�

RID_CROSS_SIZE

{

{

Figure1.2: SomeGMT parametersthataffectplot appearance

Thereareat leasttwo goodreasonswhy the default optionsareplacedin a separateparameter
file:

1. It wouldnotbepracticalto allow for command-linesyntaxcoveringsomany options,many of which
arerarelyor neverchanged(suchastheellipsoidusedfor mapprojections).

2. It is convenientto keepseparate.gmtdefaultsfiles for specificprojects,so that onemay achieve a
specialeffect simply by running commandsin a sub-directorywhose.gmtdefaultsfile hasthe
desiredsettings.For example,whenmakingfinal illustrationsfor a journal article onemustoften
standardizeonfont sizesandfont types,etc.Keepingall thosesettingsin aseparate.gmtdefaultsfile
simplifiesthis process.Likewise, scriptsthatmake slidesoftenusea differentcolor scheme
andfont sizethanoutputintendedfor laserprinters.Organizingthesevariousscenariosinto separate
.gmtdefaultsfileswill minimizeheadachesassociatedwith micro-editingof illustrations.
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9� 0˚W 80˚W

8� 0˚W

7� 0˚W
7� 0˚W

6� 0˚W
60˚W

10˚N

10˚N

20˚N

20˚N

30˚N

30˚N

FRAME_PEN

A


NOT_MAX_ANGLE

O
�

BLIQUE_ANOTATION

D
�

EGREE_FORMAT

L
�

INE_STEP

X_ORIGIN

Y_ORIGIN

G
�

RID_PEN

Figure1.3: More GMT parametersthataffectplot appearance

As mentioned, programswill attemptto openafile named.gmtdefaults. At timesit maybedesir-
ableto overridethatdefault. As analternative,wemaysupplyanotherfilenameusingthe+filenamesyntax,
i.e., on thesamecommandline asthe commandwe appendthenameof thealternate.gmtdefaults
file with theplussignasa prefix. A perhapslesstediousmethodis to starteachscriptwith makingacopy
of thecurrent.gmtdefaults, thencopy thedesired.gmtdefaultsfile to thecurrentdirectory, andfinally undo
thechangesat theendof thescript. To changesomeof the parameterson thefly insidea script the
gmtsetutility canbeused.E.g.,to changetheannotationfont to 12 pointTimes-Boldwerun

gmtset ANOTFONT Times-Bold ANOTFONTSIZE 12

In addition to these29 parametersthat directly affect the plot thereare numerousparametersthan
modify units,scales,etc.For a completelisting, seethegmtdefaults manpages.

Plot Title

10-2

10-110-1

100

101

102

y-
ax

is
 la

b
el

0 200 400 600 800 1000

x� -axis label

ANOT_FONT

A


NOT_FONT_SIZE

LABEL_FONT
LABEL_FONT_SIZE

Y
�

_AXIS_TYPE

PAGE_COLOR

PAPER_MEDIA

BASEMAP_AXES

X_AXIS_LENGTH

Y
�

_AXIS_LENGTH

U
�

NIX_TIME

U
�

NIX_TIME_POS

GMT Feb  6 07:49:26 1996 Dazed and Confused

Figure1.4: EvenmoreGMT parametersthataffectplot appearance

At the endof the scriptonecanthenresetthe specificparametersbackto what they originally were.
Wesuggestthatyougothroughall theavailableparametersat leastoncesothatyouknow whatis available
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to changevia oneof theproposedmechanisms.

1.5 GMT Units

programscanacceptdimensionalquantitiesin cm, inch, meter, or point. Thereare two ways to
ensurethat understandswhich unit you intendto use.

1. Appendthedesiredunit to thedimensionyousupply. Thisway is explicit andclearlycommunicates
whatyou intend,e.g.,–X4c means4 cm.

2. SettheparameterMEASURE UNIT to thedesiredunit. Then,all dimensionswithout explicit unit
will beinterpretedaccordingly.

The latter methodis lesssecureasotherusersmay have a differentunit setandyour script may not
work asintended.We thereforerecommendyou alwayssupplythedesiredunit explicitly.

1.6 GMT Common CommandLine Options

has13 optionsthat are identical to all programs.It is vital that you understandhow to usethese
options,which weherepresentalphabetically.

1.6.1 The –B option

This is by far themostcomplicatedoptionin , but mostexamplesof its usageareactuallyquitesim-
ple. Givenas–Bxinfo[/yinfo][:.”title string”:][W

�
w][E

�
e][S

�
s][N

�
n], this switchspecifiesa mapboundary

to beplottedby usingtheselectedtick-markintervals.xinfoandyinfo areof theform

[a]tick[m
�
c][ ftick[m

�
c]][ gtick[m

�
c]][ l

�
p][:”ax is label”:][:,”unit label”:]

wherea, f, andg standfor annotation,frame,andgrid interval. The m
�
c indicatesminutes(m) or

seconds(c). By default, all 4 boundariesare plotted (denotedW, E, S, N). To changethis selection,
appendthecodesfor thoseyou want (e.g.,WSn). Uppercase(e.g.,W) will annotatein additionto draw
axis/tick-marks.Thetitle, if given,will appearcenteredabovetheplot2.

1˚W 0˚ 1˚E 2˚Eanotation frame grid

Figure 1.5: Geographicmap borderusing separateselectionsfor anotation,frame, and grid intervals.
Formattingof theanotationis controlledby theparameterDEGREEFORMAT in your .gmtdefaultsfile.

Options for log10 axes

1. tick mustbe1, 2, or 3. Annotations/tickswill thenoccurat 1, 1–2–5,or 1,2,3,4,...,9,respectively.

2. Appendl to tick. Then,log10 of theannotationis plottedatevery integerlog10 value.

3. Appendp to tick. Then,annotationsappearas10 raisedto log10 of thevalue(e.g.,10� 5).

2However, it is suppressedwhena3-D view is selected.
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0 % 4 % 8 % 12 %

Frequency

anotation frame grid

Figure1.6: LinearCartesianprojectionaxis.Long tickmarksaccompany anotations,shorterticks indicate
frameinterval. Theaxislabelis optional.We used–R0/12/0/1–JX3/0.4–Ba4f2g1:Frequency::,%:.

100 101101 102 103

Axis Label

0 11 2 3

Axis Label

1 1010 100 1000

Axis Label

Figure1.7: Logarithmicprojectionaxisusingseparatevaluesfor anotation,frame,andgrid intervals.(top)
Here,we have chosento anotatetheactualvalues.Interval = 1 meansevery wholepower of 10, 2 means
1, 2, 5 timespowersof 10, and3 meansevery 0.1 timespowersof 10. We used–R1/1000/0/1–JX3l/0.4
–Ba1f2g3. (middle)Here,we have chosento anotatelog10 of theactualvalues,with –Ba1f2g3l. (bottom)
We anotateeverypowerof 10 usinglog10 of theactualvaluesasexponents,with –Ba1f2g3p.

Options for exponentialaxes

Appendp to tick, andtheannotationinterval is expectedto bein transformedunits,but annotationwill be
plottedasun-transformedunits. E.g., if tick = 1 andpower = 0.5 (i.e., sqrt), thenequidistantannotations
labeled1, 4, 9, ... will appear.

1.6.2 The –coption

The–coptionspecifiesthenumberof plot copies.[Default is 1]

1.6.3 The –H option

The –H[n recs] option lets know that input file(s) have one [Default] or moreheaderrecords. If
therearemorethanoneheaderrecordyou mustspecifythe numberafter the –H option, e.g.,–H4. See
Figure1.10.

1.6.4 The –J?options

Selectsthemapprojection.Thefollowing code(?) determinestheprojection.Specifymapwidth (or axis
lengths)in the unit of your choice. The projectionsavaiablein arepresentedin Figure 1.9. For
this tutorial we will chooseoneof the following projections(for detailson all projectionsseethe
psbasemap manpage):
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0 9 36 81

Axis Label

0 20 40 60 80 100

Axis Label

Figure1.8: Exponentialor powerprojectionaxis.(top)Usinganexponentof 0.5yieldsa � x axis.Here,in-
tervalsreferto actualdatavalues,in –R0/100/0/1–JX3p0.5/0.4–Ba20f10g5. (bottom)Here,intervalsrefer
to projectedvalues,althoughtheanotationusesthecorrespondingunprojectedvalues,asin –Ba3f2g1p.

Mercator [C]

Albers [E]

Orthographic

Eckert IV + VI [E] Linear
Logarithmic
Exponential

GMT PROJECTIONS

GEOGRAPHIC PROJECTIONS

CYLINDRICAL CONICAL AZIMUTHAL THEMATIC OTHER

Basic [E]
Cassini
Equidistant

Miller
Oblique Mercator [C]
Transverse Mercator [C]
UTM [C]

Lambert [C]
Equidistant

Equidistant
Gnomonic

Lambert [E]
Stereographic [C]

Hammer [E]
Mollweide [E]
Robinson
Sinusoidal [E]
Winkel Tripel
Van der Grinten

Polar

C = Conformal
E = Equal Area

Figure1.9: The25projectionsavailablein GMT

Mercator: –JMwidth.

Orthographic: –JGlon0 � lat0 � width. The lon0 � lat0 specifiestheprojectioncenter.

Albers conic: –JBlon0 � lat0 � lat1 � lat2 � width. Giveprojectioncenterandtwo standardparallels.

Eckert IV and VI: –JK[f
�
s]lon0 � width. Give thecentralmeridian.

Linear: –JXwidth� height. Give width [andheight]of plot. width [and/orheight] canbegivenin any of
thefollowing 3 formats:

1. –JXwidth[d]—Regular linear scaling. Append’d’ if x andy aregeographicalcoordinatesin
degrees;this allows for 360� periodicityanddegree-symbolsin annotations.

2. –JXwidthl—Takelog10 of valuesbeforescaling.

3. –JXwidthppower—Raisevaluesto powerbeforescaling.

Usenegativewidth [andheight] to reversethedirectionof anaxis(e.g.,to havey bepositivedown).
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Data from NGDC
File contains gravity
lon    lat     faa
122.55 16.77 -23.9
122.51 16.47 -20.4
122.35 16.14 -13.8
122.05 15.83 -10.9
121.85 15.36  -9.9
121.04 15.11 -11.1
120.49 14.87 -12.7
120.11 14.31 -17.6
119.78 14.01 -19.7
119.41 13.71 -22.6
119.22 13.33 -26.2
118.81 13.06 -29.2
118.55 12.83 -35.1
118.27 12.43 -36.2

HEADER

BODY1

BODYn

TRAILER

–O ommits the header.

2nd trough n-1’th overlays
require both –O and –K.

–K ommits the trailer.

Figure1.10: (left) Inputfilesmayhaveanarbitrarynumberof headerrecords,specifiedwith –H. (right) A
final PostScriptfile consistsof a stackof individualpieces

1.6.5 The –K –O options

The–K and–O optionscontrolthegenerationof PostScriptcodefor multipleoverlayplots.All PostScript
files musthavea header(for initializations),a body(drawing thefigure),anda trailer (printing it out) (see
Figure1.10). Thus,whenoverlayingseveral plotswe mustmake surethat thefirst plot call ommits
thetrailer, thatall intermediatecallsomit bothheaderandtrailer, andthatthefinal overlayomitstheheader.
–K omitsthetrailerwhichimpliesthatmorePostScriptcodewill beappendedlater[Default terminatesthe
plot system].–O selectsOverlayplot modeandommitstheheaderinformation[Default initializesa new
plot system].Most unexpectedresultsfor multiple overlayplotscanbetracedto theincorrectuseof these
options.

1.6.6 The –Poption

leading
paper edge

–P Default

x

y x

y

xoff

yoff
x

y

Figure1.11: (left) UserscanspecifyLandscape[Default] or Portrait(–P) orientation. (right) Plot origin
canbetranslatedfreelywith –X –Y

–P selectsPortraitplotting mode3. The default Landscapeorientationis obtainedby translatingthe
origin in thex-direction(by thewidthof thechosenpaperPAPER MEDIA) andthenrotatingthecoordinate
systemcounterclockwiseby 90� . By defaultthePAPER MEDIA is setto Letter(or A4 if SI is chosen);this
valuemustbechangedwhenusingdifferentmedia,suchas11” x 17” or largeformatplotters(Figure1.11).

3For historicalreasons,the Default is Landscape,seegmtdefaults to changethis.
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1.6.7 The –R option

–Rxmin/xmax/ymin/ymax[r ] specifytheRegionof interest.Decimalorexponentialnotationsaresupported.
To usedegreesandminutes[andseconds],usethe dd:mm[:ss]format. Appendr if lower left andupper
right cornersaregiveninsteadof minimumandmaximumextentof a rectangularregion(Figure1.12).

-90˚ -80˚ -70˚

20˚ 20˚

30˚ 30˚

a) –Rxmin/xmax/ymin/ymax

-90˚

-80˚

20˚

30˚

b) –Rxlleft/ylleft/xuright/yuright r

Figure1.12:Theplot regioncanbespecifiedin two differentways

1.6.8 The –U option

–U draws UNIX Systemtime stamp. Optionally, appendan arbitrary text string (surroundedby double
quotes),or thecodec, which will plot thecurrentcommandstring(Figure1.13).

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

Figure1.13:The–U optionmakesit easyto “date” a plot

1.6.9 The –V option

–V selectsverbosemode,which will sendprogressreportsto stderr [Default runs“silently”].

1.6.10 The –X –Y options

–X and–Y shift origin of plot by (xoff,yoff) inches(Default is (1,1) for new plots4 and(0,0) for overlays
(–O)). By default,all translationsarerelativeto thepreviousorigin (seeFigure1.11).Absolutetranslations
(i.e., relative to a fixedpoint (0,0)at the lower left cornerof thepaper)canbeachieve by prepending“a”
to theoffsets.Subsequentoverlayswill beco-registeredwith thepreviousplot unlesstheorigin is shifted
usingtheseoptions.Theoffsetsaremeasuredin thecurrentcoordinatessystem(whichcanberotatedusing
theinitial –Poption;subsequent–Poptionsfor overlaysareignored).

1.6.11 The –: option

For geographicaldata,thefirst columnis expectedto containlongitudesandthesecondto containlatitudes.
To reversethis expectationyou mustapplythe–: option.

4ensuresthatboundaryannotationsdonot fall off thepage
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1.7 Laboratory Exercises

We will begin our adventureby makingsomesimpleplot axesandcoastlinebasemaps.We will do this
in order to introducethe all-important–B, –J, and–R switchesandto familiarizeourselveswith a few
selected projections. The programswe will utilize arepsbasemap andpscoast . Please
consulttheirmanualpageson the websitefor reference.

1.7.1 Linear projection

Westartby makingthebasemapframefor a linearx-yplot. Wewantit to gofrom 10to 70 in x, annotating
every 10, andfrom -3 to 8 in y, annotatingevery 1. Thefinal plot shouldbe4 by 3 inchesin size.Here’s
how wedo it:

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

Youcanview theresultwith ghostviewplot.ps.

Exercises

1. Try changethe–JX values.

2. Try changethe–B values.

3. Omit the–P.

1.7.2 Logarithmic projection

We next will show how to do a basemapfor a log–logplot. We will assumethattheraw x datarangefrom
3 to 9613andy rangesfrom 3 � 2 � 1020 to 6 � 8 � 1024. Onepossibilityis

psbasemap -R1/10000/1e20/1e25 -JX9il/6il \
-B2:"Wavelength (m)":/a1pf3:"Power (W)":WS >! plot.ps

(Thebackslash makesUNIX ignorethecarriagereturnthatfollowsandtreatthetwo linesasonelong
command).

Exercises

1. Do not appendl to theaxeslengths.

2. Leavethep modifierout of the–B string.

3. Add g3 to eachsideof theslashin –B.

1.7.3 Mercator projection

Despitetheproblemsof extremehorizontalexaggerationwith latitude,theconformalMercatorprojection
(–JM) remainsthestalwart of locationmapsusedby scientists.It is oneof severalcylindrical projections
offeredby ; herewe will only have time to focuson onesuchprojection. The completesyntaxis
simply

–JMwidth
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Option Purpose
–A Excludesmallfeaturesor thoseof highhierarchicallevels
–D Selectdataresolution(full, high, intermediate,low, or crude)
–G Setcolor of dry areas(default doesnotpaint)
–I Draw rivers(chosefeaturesfrom oneor morehierarchicalcategories)
–L Plotmapscale(lengthscalecanbekm, miles,or nauticalmiles)
–N Draw political borders(includingUSstateborders)
–S Setcolor for wet areas(default doesnotpaint)
–W Draw coastlinesandsetpenthickness

Table1.2: Main optionswhenmakingcoastlineplotsor overlays.

To makecoastlinemapsweusepscoast whichautomaticallywill accessthe coastlinedatabase
derived from the GSHHSdatabase5. In additionto the commonswitcheswe may needto usesomeof
severalpscoast -specificoptions(seeTable1.2).

Oneof –W, –G, –Smustbeselected.Our 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.

2. Try –R270/290/0/20instead.Whathappensto theannotations?

3. Edit your .gmtdefaultsfile andchangeDEGREEFORMAT to anumberin the0–4range.

4. Pickanotherregionandchangelandcolor.

5. Picka region thatincludesthenorthor southpoles.

6. Try –W0.25p insteadof (or in additionto) –G.

1.7.4 Albers projection

TheAlbersprojection(–JB) is anequal-areaconicalprojection;its conformalcousinis theLambertconic
projection(–JL). Theirusagesarealmostidenticalsowewill only usetheAlbershere.Thegeneralsyntax
is

–JBlon0 ! lat0 ! lat1 ! lat2 ! width

where(lon0 " lat0) is themap(projection)centerandlat1 " lat2 arethetwo standardparallelswherethe
coneintersectstheEarth’ssurface.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 -W0.25p -P >! map.ps

Exercises

1. ChangeGRID CROSSSIZE to makecrossesinsteadof gridlines.

2. Change–R to a rectangularbox specificationinsteadof minimumandmaximumvalues.

5WesselandSmith[1996]
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1.7.5 Orthographic projection

Theazimuthalorthographicprojection(–JG) is oneof severalprojectionswith similar syntaxandbehav-
ior; theonewe have chosenmimicsviewing theEarthfrom spaceat an infinite distance.Thesyntaxfor
this projectionis

–JGlon0 ! lat0 ! width

where(lon0 " lat0) is thecenterof themap(projection).As anexamplewe will try

pscoast -R0/360/-90/90 -JG280/30/6i -Bg30/g15 -Dc -A5000 -G255/255/255 \
-S150/50/150 -P >! map.ps

Exercises

1. Usetherectangularoptionin –R to makea rectangularmapshowing theUS only.

1.7.6 Eckert IV and VI projection

We concludethe survey of mapprojectionswith the Eckert IV andVI projections(–JK), two of several
projectionsusedfor globalthematicmaps;They arebothequal-areaprojectionswhosesyntaxis

–JK[f # s]lon0 ! width

wheref givesEckert IV (4) ands (Default)givesEckertVI (6). The lon0 is thecentralmeridian(which
takesprecedenceover the mid-valueimplied by the –R setting). A simpleEckert VI world mapis thus
generatedby

pscoast -R0/360/-90/90 -JKs180/9i -B60g30/30g15 -Dc -A5000 -G180/120/60 \
-S100/180/255 -W0.25p >! map.ps

Exercises

1. CenterthemaponGreenwich.

2. Add a mapscalewith –L.
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2. SESSIONTWO

2.1 General Inf ormation

Thereare17 programsthatdirectly createor modify plots(Table2.1); theremaining43 aremostly
concernedwith dataprocessing.This sessionwill focuson thetaskof plotting lines,symbols,andtext on
maps. We will build on the skills we acquiredwhile familiarizing ourselveswith the various map
projectionsaswell ashow to selecta datadomainandboundaryannotations.

Program Purpose
BASEMAPS

psbasemap Createanemptybasemapframewith optionalscale
pscoast Plot coastlines,filled continents,rivers,andpolitical borders

POINTSAND LINES
pswig gle Draw spatialtime-seriesalongtheir $ x % y& -tracks
psxy Plot symbols,polygons,andlinesin 2-D
psxyz Plot symbols,polygons,andlinesin 3-D

HISTOGRAMS
pshistogram Plota rectangularhistogram
psr ose Plota polarhistogram(sector/rosediagram)

CONTOURS
grdcontour Contouringof 2-D griddeddatasets
pscontour Directcontouringor imagingof xyzdataby optimaltriangulation

SURFACES
grdima ge Producecolor imagesfrom 2-D griddeddata
grdvector Plot vectorfieldsfrom 2-D griddeddata
grdview 3-D perspective imagingof 2-D griddeddata

UTILITIES
psc lip Usepolygonfiles to initiate customclipping paths
psima ge PlotSunrasterfiles
psmask Createclippingpathsor generateoverlayto mask
psscale Plotgrayscaleor colorscalebar
pste xt Plot textstringsonmaps

Table2.1: List of all 1-D and2-D plottingprogramsin GMT

Plotting lines andsymbols,psxy is oneof the mostfrequentlyusedprogramsin . In addition
to thecommoncommandline switchesit hasnumerousspecificoptions,andexpectsdifferentfile formats
dependingon what symbolhasbeenselected.Thesecircumstancesmakespsxy harderto masterthan
most tools.Table2.2showsa completelist of theoptions.

Option Purpose
–A Suppressline interpolationalonggreatcircles
–Ccpt Let symbolcolorbedeterminedfrom z-valuesandthecptfile
–E[x 'X][y 'Y][cap][/pen] Draw selectederrorbarswith specifiedattributes
–Gfill Setcolor for symbolor fill for polygons
–L Explicitly closepolygons
–M[flag] Multiple segmentinputdata;headersstartwith flag
–N Do Not clip symbolsatmapborders
–S[symbol][size] Selectoneof 16symbols(SeeTable2.3)
–Wpen Setpenfor line or symboloutline

Table2.2: Optionalswitchesin thepsxy program

Thesymbolscaneitherbetransparent(using–W only, not–G) or solid(–G, with optionaloutlineusing
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–W). The–Soption takesthecodefor thedesiredsymbolandoptionalsizeinformation. If no symbolis
givenit is expectedto bein thelastcolumnof theinput file. Thesizeis optionalsinceindividual sizesfor
symbolsmaybeprovidedby theinputdata.The15 symbolsavailableto usare

Option Symbol
–Sasize star; sizeis radiusof circumscribingcircle
–Sbsize[/base][u] bar;sizeis barwidth, appendu if sizeis in x-units

Bar extendsfrom base[0] to they-value
–Scsize circle; sizeis thediameter
–Sdsize diamond;sizeis its side
–Se ellipse; direction(CCWfrom horizontal),major, andminoraxesin inches

arereadfrom theinput file
–SE ellipse; azimuth(CW from vertical),major, andminoraxesin kilometers

arereadfrom theinput file
–Sfgap/tick[l ' L ' r 'R] fault; gapandtick setlengthof anddistancebetweenticks.

If gap ( 0 it meansthenumberof ticks. l or r will draw ticks to left or right
sideof line [Default is centered]
UseuppercaseL or R to draw trianglesinsteadof ticks

–Shsize hexagon;sizeis its side
–Sisize invertedtriangle;sizeis its side
–Slsize/string[%font] letter;sizeis fontsize.Appenda letteror text string,andoptionallya font
–Sp point; nosizeneeded(1 pixel at currentresolutionis used)
–Sssize square,sizeis its side
–Stsize triangle;sizeis its side
–Sv[thick/length/width][nnorm] vector;direction(CCW from horizontal)andlengtharereadfrom inputdata

Optionally, appendthethicknessof thevectorandthewidth andlengthof the
arrow-head.If thennorm is appended,all vectorswhoselengthsarelessthan
normwill have theirattributesscaledby length/norm

–SV[thick/length/width][nnorm] vector, exceptazimuth(degreeseastof north)is expectedinsteadof direction
Theangleon themapis calculatedbasedon thechosenmapprojection

–Sw[size piesedge;start andstopdirections(CCW from horizontal)arereadfrom inputdata
–Sxsize cross;sizeis lengthof crossinglines

Table2.3: Thesymboloptionin psxy . Lower casesymbols(a, c, d, h, i, s, t, x) will fit insidea circle of
givendiameter. Uppercasesymbols(A, C, D, H, I, S,T, X) will haveareaequalto thatof acircleof given
diameter.

Becausesomesymbolsrequiremoreinputdatathanothers,andbecausethesizeof symbolsaswell as
their colorcanbedeterminedfrom theinputdata,theformatof datacanbeconfusing.Thegeneralformat
for theinputdatais (optionalitemsarein brackets[]):

x y [ z ] [ size] [ σx ] [ σy ] [ symbol]

Theonly requiredinput columnsarethefirst two which mustcontainthe longitudeandlatitude(or x
andy). Theremainingitemsapplywhenone(or more)of thefollowing conditionsaremet:

1. If you want the color of eachsymbol to be determinedindividually, supplya cptfile with the –C
optionandlet the3rd datacolumncontainthez-valuesto beusedwith thecptfile.

2. If you want the sizeof eachsymbol to be determinedindividually, appendthe size in a separate
column.

3. To draw errorbars,usethe–E optionandgiveoneor two additionaldatacolumnswith the ) dx and) dy values;the form of –E determinesif one(–Ex or –Ey) or two (–Exy) columnsareneeded.If
uppercaseflagsX or Y aregiven thenwe will insteaddraw a “box-and-whisker” symbolandthe
σx (or σy) must represent4 columnscontainingthe minimum, the 25 and75% quartiles,and the
maximumvalue.Thegivencoordinateis takenasthe50%quartile(median).
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4. If youdraw vectorswith –Sv(or –SV) thensizeis actuallytwo columnscontainingthedirection(or
azimuth) andlengthof eachvector.

5. If you draw ellipses(–Se) thensizeis actuallythreecolumnscontainingthedirectionandthemajor
andminoraxesin inches(with –SEwe expectazimuthinsteadandaxesin km).

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

2.1.1 Specifyingpenattrib utes

A penin hasthreeattributes:width, color, andtexture. Most programswill acceptpenattributesin
theform of anoptionargument,e.g.,

–Wwidth[/color][ ttexture][p]* Width is normally measuredin units of the currentdevice resolution(i.e., DOTS PR INCH in your
.gmtdefaultsfile). Thus,if thedpi is setto 300this unit is 1/300thof an inch. Appendp to specify
penwidth in points(1/72of an inch)1. Note thata penthicknessof 5 will beof differentphysical
width dependingon your dpi setting,whereasa thicknessof 5p will always be 5/72 of an inch.
Minimum-thicknesspenscanbeachievedby giving zerowidth, but theresultis device-dependent.* Thecolor canbespecifiedasa gray shadein therange0–255(linearly going from blackto white) or
usingtheRGB systemwhereyou specifyr/g/b, eachrangingfrom 0–255.Here0/0/0 is blackand
255/255/255is white.* The texture attributecontrolstheappearanceof theline. To geta dottedline, simply append“ to” after
the width andcolor arguments;a dashedpenis requestedwith “ ta”. For exact specificationsyou
may append“ tstring:offset”, wherestring is a seriesof integersseparatedby underscores.These
numbersrepresentapatternby indicatingthelengthof line segmentsandthegapbetweensegments.
Theoffsetphase-shiftsthepatternalongtheline. For example,if you wanta yellow line of width 2
thatalternatesbetweenlongdashes(20units),a10 unit gap,thena 5 unit dash,thenanother10 unit
gap,with patternoffsetby 10 units from theorigin, specify–W2/255/255/0t20 10 5 10:10. Here,
thetextureunitscanbespecifiedin dpi unitsor points(seeabove).

2.1.2 Specifyingfill attrib utes

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

–Gfill
–Gpdpi/pattern[:Br/g/b[Fr/g/b]]

In thefirst casewe mayspecifya gray shade(0–255)or a color (r/g/b in the0–255range),similar to
thepencolor settings.Thesecondform allows us to usea predefinedbit-imagepattern.Thepatterncan
eitherbeanumberin therange1–90or thenameof a1-, 8-, or 24-bitSunrasterfile. Theformerwill result
in oneof the90 predefined64 x 64 bit-patternsprovidedwith andreproducedin AppendixE in the
TechnicalReference.Thelatterallows theuserto createcustomized,repeatingimagesusingstandardSun
rasterfiles.Thedpi parametersetstheresolutionof this imageonthepage;theareafill is thusmadeupof a
seriesof these“tiles”. Specifyingdpi as0 will resultin highestresolutionobtainablegiventhepresentdpi
settingin .gmtdefaults. By specifyinguppercase–GP insteadof –Gp theimagewill bebit-reversed,i.e.,
white andblackareaswill beinterchanged(only appliesto 1-bit imagesor predefinedbit-imagepatterns).
For thesepatternsandother1-bit imagesonemayspecifyalternativebackgroundandforegroundcolors(by
appending:Br/g/b[Fr/g/b]) thatwill replacethedefaultwhiteandblackpixels,respectively. Settingoneof

1PostScriptdefinition. In thetypesettingindustryaslighly differentdefinitionof point (1/72.27inch) is used.
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the fore- or backgroundcolorsto - yieldsa transparentimagewhereonly the back-or foregroundpixels
will bepainted.Dueto PostScriptimplementationlimitationstherasterimagesusedwith –G mustbeless
than146x 146pixelsin size;for largerimagesseepsima ge. Theformatof Sunrasterfiles is outlinedin
AppendixB in theTechnicalReference.NotethatunderPostScriptLevel 1 thepatternsarefilled by using
thepolygonasa clip path. Complex clip pathsmayrequiremorememorythanthePostScriptinterpreter
hasbeenassigned.Thereis thereforethe possibility that somePostScriptinterpreters(especiallythose
suppliedwith olderlaserprinters)will runoutof memoryandabort.Shouldthatoccurwerecommendthat
youusearegulargrayshadefill insteadof thepatterns.Installingmorememoryin yourprintermayor may
not solve theproblem!

2.1.3 Examples

Wewill startoff usingthefile datain yourdirectory. Usingthe utility minmax wefind theextentof
thedataregion:

minmax data

which returns

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

telling usthatthefile datahas7 recordsandgivestheminimumandmaximumvaluesfor thefirst two
columns.Givenour knowledgeof how to setup linearprojectionswith –R and–JX, try thefollowing:

1. Plot thedataastransparentcirclesof size0.3 inches.

2. Plot thedataassolid whitecirclesinstead.

3. Plot thedatausing0.5” stars,makingthemredwith a thick (width = 1.5p),dashedpen.

To simply plot thedataasa line wechoosenosymbolandspecifyapenthicknessinstead:

psxy data -R -JX -P -B -W0.5p >! plot.ps

2.1.4 Exercises

1. Plot thedataasa green-bluepolygoninstead.

2. Try usinga predefinedpattern.

A commonquestionis : “How canI plot symbolsconnectedby a line with psxy?”.Theansweris that
we mustcall psxy twice. While this soundscumbersomethereis a reasonfor this: Basically, polygons
needto bekeptin memorysincethey mayneedto beclipped,hencecomputerRAM placesa limit onhow
largepolygonswemayplot. Symbols,on theotherhand,canbeplottedoneat thetimesothereis no limit
to how many symbolsonemayplot. Therefore,to 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 exampleinvolvesamorecomplicatedscenarioin which wewantto plot theepicenters
of severalearthquakesover the backgroundof a coastlinebasemap.We want the symbolsto have a size
thatreflectsthemagnitudeof theearthquakes,andthattheir color shouldreflectthedepthof thehypocen-
ter. You will find the two files quakes.ngdcandquakes.cptin your directory. The first few lines in the
quakes.ngdclookslike this:
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Historical Tsunami Earthquakes from the NGDCDatabase
Year Mo Da Lat+N Long+E Dep Mag
1987 01 04 49.77 149.29 489 4.1
1987 01 09 39.90 141.68 067 6.8

Thusthefile hasthreeheaderrecords(includingtheblankline), but we areonly interestedin columns
5, 4, 6, and7. In additionto extract thosecolumnswe mustalsoscalethemagnitudesinto symbolssizes
in inches.Giventheir rangeit lookslike multiplying themagnitudeby 0.02will work well. Reformatting
thisfile to complywith thepsxy input formatcanbedonein anumberof ways,includingmanualediting,
usingMATLAB, a spreadsheetprogram,or UNIX tools. Here,without furtherelaboration,we simply use
theUNIX tool awk to do thejob ($5 refersto the5’th columnetc.):

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

Theoutputfile quakes.dshouldnow look like this (try it!):

149.29 49.77 489 0.082
141.68 39.90 067 0.136
...etc etc

We will follow conventionalcolor schemesfor seismicityandassignred to shallow quakes(depth0–
100km), greento intermediatequakes(100–300km), andblueto deepearthquakes(depth + 300km). The
quakes.cptfile establishestherelationshipbetweendepthandcolor:

# color palette for seismicity
#z0 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 thecpt file governsthecolor of a symbol
whosezvaluefalls in therangebetweenz0 andz1. If thelowerandupperred/green/bluetripletsdiffer then
anintermediatecolor will be linearly interpolatedgiventhez value. Here,we have chosenconstantcolor
intervals.

Wemaynow completeourexampleusingtheMercatorprojection;wethrow in amapscaleoutof 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 -W0.25p >> map.ps

wherethe i appendedto the–Scoptionensuresthatsymbolssizesareinterpretedto bein inches.

2.1.5 Mor eexercises

1. Selectanothersymbol.

2. Let thedeepearthquakesbecyaninsteadof blue.

2.2 Plotting text strings

In many situationswe needto annotateplotsor mapswith text strings;in this is doneusingpste xt .
Apart from thecommonswitches,thereare7 optionsthatareparticularlyuseful(Table2.4).

Theinput datato pste xt is expectedto containthefollowing information:
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Option Purpose
–Cdx/dy Spacingbetweentext andthetext box (see–W)
–Ddx/dy Offsetstheprojectedlocationof thestrings
–Gfill Setsthecolor of thetext
–L Lists thefont ids andexits
–N Deactivatesclippingat theborders
–Spen Selectsoutlinefont andsetspenattributes
–W[fill ][o[pen]] Paint thetext box; draw theoutlineif o is appended(alsosee–C)

Table2.4: Someof themostfrequentlyusedoptionsin pste xt

My TextMy Text
∆y

∆x

Figure2.1: Relationshipbetweenthetext boxandtheextra clearance

x y sizeanglefontnojustify text

Thesizeargumentis thefont sizein points,theangleis theangle(measuredcounterclockwise)between
thetext’s baselineandthehorizontal,justify indicateswhich point on thetext-stringshouldcorrespondto
thegivenx, y location,andtext is the text stringor sentenceto plot. Figure2.2 illustratestheseconcepts
andshows therelevanttwo-charactercodesusedfor justification.

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

T (Top)

M (Middle)

B (Bottom)

LM TR

Figure2.2: Justification(andcorrespondingcharactercodes)for text strings

The text string canbe oneor several wordsandmay includeoctal codesfor specialcharactersand
escape-sequencesusedto selectsubscriptsor symbol fonts. The following escapesequencesarerecog-
nized:

Note that theseescapesequences(aswell asoctal codes)canbe usedanywherein including
asargumentsto the–B option. A chartof octal codescanbe found in AppendixF in the technical
referencebook. For accentedEuropeancharactersyou mustsetWANT EURO FONT to TRUE in your
.gmtdefaultsfile.

We will demonstratepstext with thefollowing script:

cat << EOF | pstext -R0/7/0/7 -JX7i -P -B1g1 -G255/128/0 | ghostview -
1 1 30 0 4 BL Its P@al, not Pal!
1 2 30 0 4 BL Try @%33%ZapfChancery@%%today
1 3 30 0 4 BL @˜D@˜g@-b@-= 2@˜pr@˜G@˜D@˜h.
1 4 30 0 4 BL University of Hawaii at M@!a\305noa
EOF

Herewe have usedthe“heredocument”notationin UNIX: The ,-, EOFwill treatthefollowing lines
asthe input file until it detectsthe word EOF. We pipe the PostScriptdirectly throughghostview (the –
tellsghostview thatpiping is happening).



CHAPTER2. SESSIONTWO 21

Code Effect
@˜ Turnssymbolfont onor off
@%fontno% Switchesto anotherfont; @%%resetsto previousfont
@+ Turnssuperscriptonor off
@- Turnssubscriptonor off
@# Turnssmallcapson or off
@! Createsonecompositecharacterof thenext two characters
@@ Printsthe@ signitself
@E@e Ææ
@O@o Ø ø
@A @a Å å

Table2.5: GMT text escapesequences

2.3 Exercises

1. At y . 5, addthesentence“z2 . x2 / y2”.

2. At y . 6, addthesentence“It is 800 today”.
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3. SESSIONTHREE

3.1 Contouring gridded data sets

comeswith several utilities that cancreategriddeddatasets;we will discusstwo suchprograms
later this session.First, we will assumethatwe alreadyhave griddeddatasets.In thesupplemental
archive thereis a programthatservesasa dataextractorfrom severalpublic domainglobalgriddeddata
sets. Among thesedataareETOPO5,crustalages,gravity andgeoid,andDEM for the continentalUS.
Here,wewill usegrdraster to extracta -readygrid thatwewill next usefor contouring:

grdraster 1 -R-66/-60/30/35 -Gbermuda.grd -V

We first usethe programgrdinf o to seewhat’s in this file:

grdinfo bermuda.grd

Thefile containsbathymetryfor theBermudaregionandhasdepthvaluesfrom -5475to -89meters.We
want to make a contourmapof this data;this is a job for grdcontour . As with previousplot commands
we needto setup themapprojectionwith –J. Here,however, we do not have to specifythe region since
thatis by default assumedto betheextentof thegrid file. To generateany plot we will in additionneedto
supplyinformationaboutwhich contoursto draw. Unfortunately, grdcontour is a complicatedprogram
with too many options.We put a positivespinon this situationby toutingits flexibility . Herearethemost
usefuloptions:

Option Purpose
–Aanot int Annotationinterval
–Ccont int Contourinterval
–Ggap Setsdistancebetweencontourannotations
–Llow/high Only draw contourswithin the low to high range
–Nunit Appendunit to contourannotations
–Qcut Do notdraw contourswith fewer thancutpoints
–Ssmooth Resamplecontoursevery x inc/smoothincrement
–T[+ ' -][gap/length][:LH] Draw tick-marksin downhill directionfor innermostclosedcontours

Add tick spacingandlength,andcharactersto plot at thecenterof closedcontours.
–W[a ' c]pen Setcontourandannotationpens
–Zfactor[/offset] [Subtractoffset] andmultiply databy factor prior to processing

Table3.1: Themostusefuloptionsin grdcontour

Wewill first makeaplaincontourmapusing1 km asannotationinterval and250m ascontourinterval.
We choosea7-inch-wideMercatorplot andannotatethebordersevery20 :
grdcontour bermuda.grd -JM7i -C250 -A1000 -P -B2 | ghostview -

3.1.1 Exercises

1. Add smoothingwith –S4.

2. Try tick all highsandlowswith –T.

3. Skipsmallfeatureswith –Q10.

4. Overrideregionusing–R-70/-60/25/35.

5. Try anotherregion thatclips ourdatadomain.

6. Scaledatato km andusethekm unit in theannotations.



CHAPTER3. SESSIONTHREE 23

3.2 Gridding of arbitrarily spaceddata

Exceptin thesituationabovewhena griddedfile is available,we mustconvertour datato theright format
readableby beforewe canmakecontourplotsandcolor-codedimages.We distinguishbetweentwo
scenarios:

1. The(x, y, z) dataareavailableon a regularlatticegrid.

2. The(x, y, z) dataaredistributedunevenly in theplane.

Theformersituationmayrequireasimplereformatting(usingxyz2gr d), while thelattermustbeinter-
polatedontoa regularlattice;this processis known asgridding. supportsthreedifferentapproaches
to gridding;here,wewill briefly discussthetwo mostcommontechniques.

All griddingprogramshave in commontherequirementthat theusermustspecifythegrid do-
mainandoutputfilename:

–Rxmin/xmax/ymin/ymax Thedesiredgrid extent
–Ixinc[m # c][/yinc[m # c]] Thegrid spacing(appendm or c for minutesor secondsof arc)
–Ggridfile Theoutputgrid filename

3.2.1 Nearestneighbor gridding

R

ri

Figure3.1: Searchgeometryfor nearneighbor

The programnearneighbor implementsa simple“nearestneighbor”averagingoperation.It is
the preferredway to grid datawhenthe datadensityis high. nearneighbor is a local procedurewhich
meansit will only considerthecontroldatathat is closeto thedesiredoutputgrid node.Only datapoints
insidea searchradiuswill beused,andwe mayalsoimposetheconditionthateachof then sectorsmust
have at leastonedatapoint in orderto assignthenodalvalue.Thenodalvalueis computedasa weighted
averageof thenearestdatapointpersectorinsidethesearchradius,with eachpoint weightedaccordingto
its distancefrom thenodeasfollows:

z̄ . ∑n
i 1 1ziwi

∑n
i 1 1wi

wi .32 1 / 9r2
i

R2 4-5 1

Themostimportantswitchesarelistedin Table3.2.
We will grid the datain the file ship.xyzwhich containsship observationsof bathymetryoff Baja

California.We desireto makea5’ by 5’ grid. Runningminmax on thefile yields

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

sowe choosetheregionaccordingly:
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Option Purpose
–Sradius[k] Setssearchradius.Appendk to indicateradiusin kilometers[Default is x-units]
–Eempty Assignthis valueto unconstrainednodes[Default is NaN]
–Nsectors Sectorsearch,indicatenumberof sectors[Default is 4]
–W Readrelative weightsfrom the4thcolumnof inputdata

Table3.2: Switchesusedwith thenearneighbor program

nearneighbor -R245/255/20/30 -I5m -S40k -Gship.grd -V ship.xyz

We maygetaview of thecontourmapusing

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

Exercises

1. Try usinga 100km searchradiusanda10 minutegrid spacing.

3.2.2 Gridding with Splinesin Tension

As an alternative, we may usea global procedureto grid our data. This approach,implementedin the
programsurface , representsan improvementover standardminimumcurvaturealgorithmsby allowing
usersto introducesometensioninto the surface. Physically, we are trying to force a thin elasticplate
to go throughall our datapoints; the valuesof this surfaceat the grid pointsbecomethe griddeddata.
Mathematically, we wantto find thefunctionz6 x " y7 thatsatisfiesthefollowing constraints:

z6 xk " yk 78. zk " for all data 6 xk " yk " zk 7 " k . 1 " n6 1 9 t 7 ∇4z 9 t∇2z . 0 elsewhere

wheret is the “tension”, 0 : t : 1. Basically, as t * 0 we obtainthe minimum curvaturesolution,
while ast * ∞ wego towardsaharmonicsolution(which is linearin cross-section).Thetheorybehindall
this is quiteinvolvedandwedonothavethetime to explain it all here,pleaseseeSmithandWessel[1990]
for details.Someof themostimportantswitchesfor this programareindicatedin Table3.31.

Option Purpose
–Aaspect Setsaspectratio for anisotropicgrids.
–Climit Setsconvergencelimit. Default is 1/1000of datarange.
–Ttension Setsthetension[Default is 0]

Table3.3: Someof theoptionsin surface

3.2.3 Preprocessing

Thesurface programassumesthat thedatahave beenpreprocessedto eliminatealiasing,hencewe must
ensurethat this stepis completedprior to gridding. comeswith threepreprocessors,calledbloc k-
mean , bloc kmedian , andbloc kmode . The first averagesvaluesinside the grid-spacingboxes, the
secondreturnsmedianvalues,wile thelatter returnsmodalvalues.As a rule of thumb,we usemeansfor
mostsmoothdata(suchaspotentialfields)andmedians(or modes)for rough,non-Gaussiandata(suchas
topography).In additionto therequired–R and–I switches,thesepreprocessorstakesthesameoptions:

With respectto our shipdatawepreprocessit usingthemedianmethod:

blockmedian -R245/255/20/30 -I5m -V ship.xyz >! ship_5m.xyz
1The –A option is necessaryfor geographicgrids sincex inc shrinkswith latitude. Rule of thumb: setaspect= cosineof the

averagelatitude.
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Option Purpose
–N Choosepixel registration[Default is gridline]
–W[i 'o] Appendi or o to reador write weightsin the4thcolumn

Table3.4: Someof thepreprocessingoptions

Theoutputdatacannow beusedwith surface:

surface ship_5m.xyz -R245/255/20/30 -I5m -Gship.grd -V

If you rerungrdcontour on thenew grid file (try it!) youwill noticeabig differencecomparedto the
grid madeby nearneighbor : sincesurface is a globalmethodit will evaluatethesolutionat all nodes,
evenif thereareno dataconstraints.Therearenumerousoptionsavailableto usat this point:

1. We canresetall nodestoo far from adataconstraintto theNaN value.

2. We canpourwhitepaintover thoseregionswherecontoursareunreliable.

3. We canplot thelandmasswhichwill covermost(but not all) of theunconstrainedareas.

4. We cansetup aclip pathsothatonly thecontoursin theconstrainedregionwill show.

Here we have only time to explore the latter approach. The psmask programcan readthe same
preprocesseddataandsetup a contourmaskbasedon thedatadistribution. Oncetheclip pathis activated
we cancontourthefinal grid; we finally deactivatetheclipping with a secondcall to psmask . Here’s the
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 thecontinentsusingany coloryouwant.

2. Color theclip pathlight gray(use–G in thefirst psmask call).
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4. SESSIONFOUR

In ourfinal sessionwewill concentrateoncolor imagesandperspectiveviewsof griddeddatasets.Before
westartthatdiscussionweneedto cover two importantaspectsof plotting thatmustbeunderstood.These
are

1. Color tablesandpseudo-colorsin .

2. Artificial illumination andhow it affectscolors.

4.1 The cpt file format

Thecpt file hasalreadybeenbriefly mentionedin connectionwith our seismicityplot in session2. Here
we will treattheissuein moredetail.Thegeneralformatof cpt files is

z0 Rmin Gmin Bmin z1 Rmax Gmax Bmax [A]
. . .
zn 5 2 Rmin Gmin Bmin zn 5 1 Rmax Gmax Bmax [A]

Sincea cpt file may containonly shadesof gray (herelisted as the red component),the greenand
bluecolumnsareoptionalandonly usedfor color tables.An optionalfinal columnmaybeusedto affect
annotationof color bars(createdby psscale ). The U, L , andB flags(positionA) indicatewe want to
annotatetheupper, lower, andbothcolorboundaries,respectively. Alternatively, youcanusethepsscale
–B optionin thesamewayyouuseit in, say, psbasemap .

Cptfilescanbecreatedin any numberof ways. providestwo mechanisms:

1. Createsimple, linear color tablesgiven a mastercolor table (several arebuilt-in) and the desired
z-valuesat colorboundaries(makecpt )

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

Onecanalsomakethesefilesmanuallyor with awk or othertools.Herewewill limit ourdiscussionto
makecpt . Its mainargumentis thenameof themastercolor table(a list is shown if you run theprogram
with no arguments)andtheequidistantz-valuesto go with it. Themainoptionsaregivenbelow.

Option Purpose
–C Setthenameof themastercpt file to use
–I Reversethesenseof thecolor progression
–V Runin verbosemode
–Z Make acontinuousratherthandiscretetable

Table4.1: Primeoptionsavailablein makecpt

To makediscreteandcontinuouscolor cpt files for datathatrangesfrom -20 to 60,with color changes
at every10, try thesetwo variants:

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

Wecanplot thesecolor tableswith psscale ; theoptionsworthmentioningherearelistedin Table4.2.
In addition,the–B optioncanbeusedto setthetitle andunit label(andoptionallyto settheanotation-,

tick-, andgrid-line intervalsfor thecolorbars.)

psbasemap -R0/8.5/0/11 -Jx1i -P -B0 -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: -I0.5 -O -K >> bar.ps
psscale -D3i/9i/4i/0.5ih -Ccont.cpt -B:continuous: -I0.5 -O >> bar.ps



CHAPTER4. SESSIONFOUR 27

Option Purpose
–Ccptfile Therequiredcpt file
–Dxpos/ypos/length/width[h] Setsthepositionof thecenter/leftanddimensionsof scalebar.

Appendh to gethorizontalbarandgive center/topinstead
–Imax intensity Add illuminationeffects

Table4.2: Themainswitchesandoptionsin psscale

4.1.1 Exercises

1. Redothemakecpt exerciseusingthemastertablehot andredothebarplot.

2. Try specifying–B10g5.

4.2 Illumination and intensities

allows for artificial illumination andshading.What this meansis thatwe imagineanartificial sun
placedat infinity in someazimuthandelevationpositionilluminating our surface.Thepartsof thesurface
thatslopetowardthesunshouldbrightenwhile thosesidesfacingawayshouldbecomedarker;noshadows
arecastasa resultof topographicundulations.

While it is clear that the actualslopesof the surfaceand the orientationof the sunenterinto these
calculations,thereis clearlyanarbitraryelementwhenthesurfaceis not topographicrelief but someother
quantity. For instance,what doesthe slopetoward the sunmeanif we areplotting a grid of heatflow
anomalies?While therearemany waysto accomplishwhatwewant, offersa relatively simpleway:
Wemaycalculatethegradientof thesurfacein thedirectionof thesunandnormalizethesevaluesto fall in
the ) 1 range;+1 meansmaximumsunexposureand-1 meanscompleteshade.Althoughwewill notshow
it here,it shouldbeaddedthat treatsthe intensitiesasa separatedataset. Thus,while thesevalues
areoften derived from the relief surfacewe want to imagethey could be separatelyobserved quantities
suchasback-scatterinformation.

Colorsin arespecifiedin the RGB systemusedfor computerscreens;it mixesred,green,and
bluelight to achieveothercolors.TheRGB systemis a Cartesiancoordinatesystemandproducesa color
cube.For reasonsbetterexplainedin AppendixI in theReferencebookit is difficult to darkenandbrighten
acolorbasedon its RGBvaluesandanalternativecoordinatesystemis usedinstead;hereweusetheHSV
system.If you hold thecolor cubeso that the blackandwhite cornersarealonga verticalaxis, thenthe
other6 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 printersoperate;they also
addpureblack(K) to avoid makinggrayfrom CMY). In thiscoordinatesystemtheangle0–3600 is thehue
(H); theSaturationandValueareharderto explain. Suffice it to sayherethatwe intendto darkenany pure
color (on thecubefacets)by keepingH fixedandaddingblackandbrightenit by addingwhite; for interior
pointsin the cubewe will addor remove gray. This operationis efficiently donein the HSV coordinate
system;henceall shadingoperationsinvolve translatingfrom RGB to HSV, do the illumination
effect,andtransformbackthemodifiedRGB values.

4.3 Color images

Oncea cpt file hasbeenmadeit is relatively straightforwardto generatea color imageof a griddeddata.
Here,wewill extractasubsetof theglobal30” DEM (dataid 9) from USGS:

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

Usinggrdinf o wefind thatthedatarangesfrom ; 1000mto ; 4300msowemakeacptfile accordingly:
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makecpt -Crainbow -T1000/5000/500 -Z >! topo.cpt

Color imagesaremadewith grdima ge which takestheusualcommoncommandoptions(by default
the–R is takenfrom thedataset)anda cptfile; themainotheroptionsare

Option Purpose
–Edpi Setsthedesiredresolutionof theimage[Default is dataresolution]
–Iintenfile Useartificial illuminationusingintensitiesfrom intensfile
–M Forcegrayshadeusingthe(television)YIQ conversion

Table4.3: Themainoptionsin grdima ge

We wantto makea plain colormapwith a colorbarsuperimposedabovetheplot. We try

grdimage us.grd -JM6i -P -B2 -Ctopo.cpt -V -K >! topo.ps
psscale -D3i/8.5i/5i/0.25ih -Ctopo.cpt -I0.4 -B/:m: -O >> topo.ps

Theplaincolormaplacksdetailandfails to revealthetopographiccomplexity of thisRocky Mountain
region. What it needsis artificial illumination. We want to simulateshadingby a sunsourcein theeast,
hencewe derive therequiredintensitiesfrom thegradientsof thetopographyin theN900 E directionusing
grdgradient . Otherthantherequiredinput andoutputfilenames,theavailableoptionsare

Option Purpose
–Aazimuth Azimuthaldirectionfor gradients
–M Indicatesthatthis is a geographicgrid
–N[t 'e][norm[/offset]] Normalizegradientsby norm/offset[= 1/0by default].

Insertt to normalizeby thetan< 1 transformation.
Inserte to normalizeby thecumulative Laplacedistribution.

Table4.4: Thegrdgradient options

Figure4.1 shows that raw slopesfrom bathymetrytendto befar from normallydistributed(left). By
usingtheinversetangenttransformationwecanensureamoreuniformdistribution(right). Theinversetan-
genttransformsimply takestheraw slopeestimate(thex valueat thearrow) andreturnsthecorresponding
inversetangentvalue(normalizedto fall in the ) 1 range;horizontalarrow pointingto they-value).
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Figure4.1: How theinversetangentoperationworks

Both–Neand–Nt yield well behavedgradients.Personally, wepreferto usethe–Neoption;thevalue
of norm is subjectiveandyoumayexperimentsomewhatin the0.5–5range.For ourcasewe choose

grdgradient us.grd -Ne0.8 -A100 -M -Gus_i.grd

Giventhecptfile andthetwo griddeddatasetswe cancreatetheshadedrelief image:

grdimage us.grd -Ius_i.grd -JM6i -P -B2 -Ctopo.cpt -K >! topo.ps
psscale -D3i/8.5i/5i/0.25ih -Ctopo.cpt -I0.4 -B/:m: -O >> topo.ps
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4.3.1 Exercises

1. Forcea gray-shadeimage.

2. Rerungrdgradient with –N1.

4.4 Perspectiveviews

Our final undertakingin this tutorial is to examinethree-dimensionalperspectiveviews. is currently
limited to vantagepointsat infinity; thuswe areunableto do fly-by’s throughcanyonsetc. The
modulethatproducesperspectiveviewsof griddeddatafiles is grdview. It canmaketwo kindsof plots:

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

2. Color-codedsurface(with optionalshading,contours,or draping).

Regardlessof plot type,someargumentsmustbespecified;theseare

1. relief file; a griddeddatasetof thesurface.

2. –J for thedesiredmapprojection.

3. –JZheightfor theverticalscaling.

4. –Eazimuth/elevationfor vantagepoint.

In addition,someoptionsmayberequired:

Option Purpose
–Ccptfile Thecptfile is requiredfor color -codedsurfacesandfor contouredmeshplots
–Gdrapefile Assigncolorsusingdrapefile insteadof relief file
–Iintensfile File with illumination intensities
–Qm Selectsmeshplot
–Qs[m] Surfaceplot usingpolygons;appendm to show mesh.Thisoptionallows for –W
–Qidpi[g] Imageby scan-lineconversion.Specifydpi; appendg to forcegray-shadeimage.–B is disabled.
–Wpen Draw contourson topof surface(exceptwith –Qi)

Table4.5: Themostusefuloptionsin grdview

4.4.1 Mesh-plot

Mesh plots work beston smallerdatasets. We againusethe small subsetof the ETOPO5dataover
Bermudaandmakea quick-and-dirtycpt file:

grd2cpt bermuda.grd -Cocean >! bermuda.cpt

A simplemeshplot canthereforebeobtainedwith

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

Exercises

1. Selectanothervantagepointandverticalheight.
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4.4.2 Color-codedview

We will makea perspective,color-codedview of theUS Rockiesfrom thesoutheast.This is doneusing

grdview us.grd -JM6i -E135/35 -Qi50 -Ius_i.grd -Ctopo.cpt -V -B2 \
-JZ0.5i >! view.ps

This plot is prettycrudesincewe selected50 dpi but it is fastto renderandallows us to try alternate
valuesfor vantagepoint andscaling.Whenwe settleon thefinal valueswe selecttheappropriatedpi for
thefinal outputdeviceandlet it rip.

Exercises

1. Chooseanothervantagepointandscaling.

2. Redogrdgradient with anotherillumination directionandreplot.

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