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The GMT DocumentationProject

Startingwith version3.2, all documentationwasconvertedfrom Microsoft Word to LATEX
files. Thisstepwastakenfor a numberof reasons:

1. Having all thedocumentationsourceavailablein ASCII formatmakesit easierto accessby several
developersworkingon differentplatformsin differentcountries.

2. scriptscannow be includeddirectly into the text so that the documentationis automatically
up-to-datewhenscriptsaremodified.

3. All figuresaregeneratedonthefly andincludedas EPSfileswhich thusarealwaysup-to-date.

4. It is easyto convert theLATEX files to otherformats,suchasHTML, SGML, andPostScript.

5. Thewholetaskof assemblingthepieces,beit generatingfiguresor extractingtext portionsfrom the
masterarchiveunderSCCScontrol,is automatedby a simplecshellscript.

6. Only freesoftwareareusedto maintainthe Documentation.

BecausethistransitionwasundertakenbyacompleteLATEX noviceit is likely thatthelayoutwill change
with time. It isalsolikely thaterrorshavecreptinto thedocument.Pleasesendemailtogmt@soest.hawaii.edu
if you find any.
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A Reminder

If you feel it is appropriate,you may considerpayingus backby citing our EOSarticleson (and
perhapsalsoour Geophysicsarticleon the programsurface ) whenyou publishpaperscontaining
resultsor illustrationsobtainedusing . TheEOSarticleson are

� Wessel,P., andW. H. F. Smith, New, improvedversionof GenericMappingTools released,EOS
Trans.Amer. Geophys.U., vol. 79 (47),pp. 579,1998.� Wessel,P., andW. H. F. Smith, New versionof the GenericMappingTools released,EOSTrans.
Amer. Geophys.U., vol. 76 (33),pp. 329,1995.� Wessel,P., andW. H. F. Smith, New versionof the GenericMappingTools released,EOSTrans.
Amer. Geophys.U. electronic supplement, http://www.agu.org/eoselec/95154e.html,1995.� Wessel,P., andW. H. F. Smith,Freesoftwarehelpsmapanddisplaydata,EOSTrans. Amer. Geo-
phys.U., vol. 72 (41),pp. 441,445-446,1991.

Thearticlein Geophysicson surfaceis� Smith,W. H. F., andP. Wessel,Griddingwith continuouscurvaturesplinesin tension,Geophysics,
vol. 55 (3), pp. 293-305,1990.

A few userstake thetime to write usletters,telling usof thedifference is makingin their
work. Weappreciatereceiving theseletters.Ondayswhenwewonderwhy weeverreleased wepull
theselettersoutandreadthem.Seriously, asfinancialsupportfor dependsonhow well wecan“sell”
theideato fundingagenciesandour superiors,letter-writing is oneareawhere userscanaffect such
decisionsby supportingthe project.
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Copyright and CaveatEmptor!

Copyright c
�

1991–2001by PaulWesselandWalterH. F. Smith

TheGenericMappingTools( ) is freesoftware;you canredistributeit and/ormodify it underthe
termsof theGNU GeneralPublicLicenseaspublishedby theFreeSoftwareFoundation.

The packageis distributedin thehopethatit will beuseful,but WITHOUT ANY WARRANTY;
without eventhe implied warrantyof MERCHANTABILITY or FITNESSFORA PARTICULAR PUR-
POSE.Seethefile COPYINGin the directoryor theGNU GeneralPublicLicense1 for moredetails.

Permissionis grantedto makeanddistributeverbatimcopiesof thismanualprovidedthatthecopyright
noticeandtheseparagraphsarepreservedon all copies.The packagemaybeincludedin a bundled
distributionof softwarefor which a reasonablefeemaybecharged.

TheGenericMappingTools ( ) doesnot comewith any warranties,nor is it guaranteedto work
on yourcomputer. Theuserassumesfull responsibilityfor theuseof this system.In particular, theSchool
of OceanandEarthScienceandTechnology, theNationalOceanicandAtmosphericAdministration,the
NationalScienceFoundation,Paul Wessel,Walter H. F. Smith, or any other individuals involved in the
designandmaintenanceof areNOT responsiblefor any damagethat may follow from corrector
incorrectuseof theseprograms.

1http://www.gnu.org/copyleft/gpl.html
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Typographic conventions

In readingthis documentation,thefollowing providesa summaryof thetypographicconventionsusedin
this document.

1. Userinput and or UNIX commandsareindicatedby usingthe typewriter typestyle,e.g.,
chmod +x job03.csh .

2. Thenamesof programsareindicatedby the bold, sans serif typestyle,e.g.,we plot text
with pste xt .

3. Thenamesof otherprogramsareindicatedby thebold, slanted typestyle,e.g.,grep.

4. File namesareindicatedby theunderlinetypestyle,e.g.,gmt.h.

xiii
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1. Preface

While hasserved the map-makinganddataprocessingneedsof scientistssince19881, the current
global usewasheraldedby the first official releasein EOSTrans. AGU in the fall of 1991. Sincethen,

hasgrown to becomeastandardtool for many EarthandOceanscientists.Developmenthasat times
beenrapid,andnumerousreleaseshave seenthelight of daysincetheearlyversions.For a historyof the
changesfrom releaseto release,seetheonlineReleaseAnnouncementsandthefile CHANGESin themain

directory.
Thesuccessof is to a largedegreedueto the input of theusercommunity. In fact,mostof the

capabilitiesandoptionsin programsweredrivenby userrequests.We would like to hearfrom you
shouldyou have any suggestionsfor futureenhancementsandmodification. Pleasesendyour comments
to gmt@soest.hawaii.edu.

1whenversion1.0wasreleasedat Lamont-DohertyEarthObservatory
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2. Intr oduction

Most scientistsarefamiliar with the sequence:raw data � processing� final illustration. In orderto
finalize papersfor submissionto scientific journals,prepareproposals,andcreateoverheadsandslides
for variouspresentations,many scientistsspendlargeamountsof time andmoney to createcamera-ready
figures. This processcanbe tediousandis often donemanually, sinceavailablecommercialor in-house
softwareusuallycando only partof the job. To expeditethis processwe introducetheGenericMapping
Tools ( for short), which is a free1, software packagethat can be usedto manipulatecolumnsof
tabular data,time-series,andgriddeddatasets,anddisplaythesedatain a varietyof forms rangingfrom
simplex-y plots to mapsandcolor, perspective, andshaded-reliefillustrations. usesthe PostScript
pagedescriptionlanguage[AdobeSystemsInc., 1990]. With PostScript, multiple plot files can easily
be superimposedto createarbitrarily complex imagesin gray tonesor 24-bit true color. Line drawings,
bitmappedimages,andtext canbe easilycombinedin oneillustration. PostScriptplot files aredevice-
independent:Thesamefile canbeprintedat 300dotsperinch (dpi) on anordinarylaserwriteror at 2470
dpi onaphototypesetterwhenultimatequality is needed. softwareis writtenasa setof UNIX tools2

andis totally self-containedandfully documented.Thesystemis offeredfreeof chargeandis distributed
over thecomputernetwork (Internet)[WesselandSmith,1991;1995a,b;1998].

Theoriginal version1.0of wasreleasedin thesummerof 1988whentheauthorsweregraduate
studentsatLamont-DohertyEarthObservatoryof ColumbiaUniversity. Duringour tenureasgraduatestu-
dents,L-DEO changedits computingenvironmentto a distributednetwork of UNIX workstations,andwe
wrote to run in this environment.It becamea successatL-DEO, andsoonspreadto numerousother
institutionsin theUS,Canada,Europe,andJapan.Thecurrentversionbenefitsfrom themany suggestions
contributedby usersof theearlierversions,andnow includesmorethan50 tools,25 mapprojections,and
many othernew, moreflexible features. providesscientistswith a varietyof tools for datamanip-
ulationanddisplay, includingroutinesto sample,filter, computespectralestimates,anddeterminetrends
in time series,grid or triangulatearbitrarily spaceddata,performmathematicaloperations(includingfil-
tering) on 2-D datasetsboth in the spaceandfrequency domain,samplesurfacesalongarbitrarytracks
or onto a new grid, calculatevolumes,andfind trendsurfaces. The plotting programswill let the user
make linear, log10, andxa-yb diagrams,polarandrectangularhistograms,mapswith filled continentsand
coastlineschoosingfrom 25 commonmapprojections,contourplots, meshplots, monochromeor color
images,andartificially illuminatedshaded-reliefand3-D perspective illustrations.

is written in thehighly portableANSI C programminglanguage[KernighanandRitchie, 1988],
is fully POSIXcompliant[Lewine, 1991],hasnoYear2000problems,andmaybeusedwith any hardware
runningsomeflavor of UNIX, possiblywith minor modifications.In writing , we have followedthe
modulardesignphilosophyof UNIX: Therawdata � processing� final illustrationflow is brokendown
to a seriesof elementarysteps;eachstepis accomplishedby a separate or UNIX tool. This modular
approachbringsseveralbenefits:(1) only afew programsareneeded,(2) eachprogramis smallandeasyto
updateandmaintain,(3) eachstepis independentof thepreviousstepandthedatatypeandcanthereforebe
usedin avarietyof applications,and(4) theprogramscanbechainedtogetherin shellscriptsor with pipes,
therebycreatingaprocesstailoredto doauser-specifictask.Thedecouplingof thedataretrieval stepfrom
thesubsequentmassageandplotting is particularlyimportant,sinceeachinstitutionwill typically have its
own databaseformats.To use with customdatabases,onehasonly to write a dataextractiontool
whichwill putoutdatain a form readableby (discussedbelow). After writing theextractor, all other

moduleswill work asthey are.
makesfull useof the PostScriptpagedescriptionlanguage,andcanproducecolor illustrations

if a color PostScriptdevice is available. Onedoesnot necessarilyhave to have accessto a top-of-the-line
colorprinterto takeadvantageof thecolor capabilitiesofferedby : Severalcompaniesoffer imaging
serviceswherethe customerprovidesa PostScriptplot file andgetscolor slidesor hardcopiesin return.
Furthermore,general-purposePostScriptrasterimageprocessors(RIPs)arenow becomingavailable,let-
ting the usercreaterasterimagesfrom PostScriptandplot thesebitmapson rasterdeviceslike computer

1SeeGNU GeneralPublicLicence(www.gnu.org/copyleft/gpl.html) for termson redistribution andmodifications.
2Thetoolscanalsobeinstalledonotherplatforms(seeAppendixL).
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screens,dot-matrixprinters,largeformatrasterplotters,andfilm writers3. Becausethepublicationcostsof
color illustrationsarehigh, offers90commonbit andhachurepatterns,includingmany geologicmap
symboltypes,aswell ascompletegraytoneshadingoperations.Additional bit andhachurepatternsmay
alsobe designedby the user. With thesetools, it is possibleto generatepublication-readymonochrome
originalson a commonlaserwriter.

is thoroughlydocumentedandcomeswith a technicalreferenceandcookbookwhich explains
the purposeof the packageand its many features,and providesnumerousexamplesto help new users
quickly becomefamiliarwith theoperationandphilosophyof thesystem.Thecookbookcontainstheshell
scriptsthatwereusedfor eachexample;PostScriptfilesof eachillustrationarealsoprovided.All programs
have individualmanualpageswhich canbeinstalledaspartof theon-linedocumentationundertheUNIX
man utility or asweb pages. In addition, the programsoffer friendly help messageswhich make them
essentiallyself-teaching— if a userentersinvalid or ambiguouscommandarguments,the programwill
print awarningto thescreenwith asynopsisof thevalid arguments.All thedocumentationis avaliablefor
webbrowsingandmaybeinstalledat theuserssite.

Theprocessinganddisplayroutineswithin arecompletelygeneralandwill handleany (x,y) or
(x,y,z) dataasinput. For many purposesthe(x,y) coordinateswill be(longitude,latitude)but in mostcases
they couldequallywell beany othervariables(e.g.,wavelength,power spectraldensity).Sincethe
plot toolswill mapthese(x,y) coordinatesto positionson a plot or mapusinga varietyof transformations
(linear, log-log,andseveralmapprojections),they canbeusedwith any datathataregivenby two or three
coordinates.In orderto simplify andstandardizeinput andoutput, usestwo file formatsonly. Arbi-
trary sequencesof (x,y) or (x,y,z) dataarereadfrom multi-columnASCII tables,i.e., eachfile consistsof
severalrecords,in whicheachcoordinateis confinedto aseparatecolumn4. This formatis straightforward
andallows the userto performalmostany simple(or complicated)reformattingor processingtaskusing
standardUNIX utilities suchascut , paste, grep, sed andawk . Two-dimensionaldatathat have been
sampledon anequidistantgrid arereadandwritten by in a binary“grdfile” usingthefunctionspro-
videdwith thenetCDFlibrary (afree,public-domainsoftwarelibrary availableseparatelyfrom UCAR, the
UniversityCorporationof AtmosphericResearch[TreinishandGough, 1987]). This XDR (ExternalData
Representation)basedformatis architectureindependent,which allows theuserto transferthebinarydata
files from onecomputersystemto another5. containsprogramsthatwill readASCII (x,y,z) files and
producegriddedfiles. Onesuchprogram,surface , includesnew modificationsto thegriddingalgorithm
developedby SmithandWessel[1990]usingcontinuoussplinesin tension.

Mostof theprogramswill producesomeform of output,whichfalls into four categories.Severalof the
programsmayproducemorethanoneof thesetypesof output:

1. 1-D ASCII Tables— For example,a(x,y) seriesmaybefilteredandthefilteredvaluesoutput.ASCII
outputis written to thestandardoutputstream.

2. 2-D binary(netCDFor user-defined)“grdfiles” — Programsthatgrid ASCII (x,y,z) dataor operate
onexisting grdfilesproducethis typeof output.

3. PostScript— Theplottingprogramsall usethePostScriptpagedescriptionlanguageto defineplots.
ThesecommandsarestoredasASCII text andcanbeeditedshouldyou wantto customizetheplot
beyondtheoptionsavailablein theprogramsthemselves.

4. Reports— Several programsreadinputfilesandreportstatisticsandotherinformation.Nearly
all programshaveanoptional“verbose”operation,whichreportsontheprogressof computation.All
programsfeatureusagemessages,which promptthe userif incorrectcommandshave beengiven.
Suchtext is written to the standarderror streamandcanthereforebe separatedfrom ASCII table
output.

is availableover theInternetat no charge.To obtaina copy, readtherelevantinformationon the
homepagewww.soest.hawaii.edu/gmt,or email listserver@soest.hawaii.edua notecontainingthe

3Onepublic-domainRIP is ghostscript, availablefrom www.gnu.org.
4Programsnow alsoallow for fast,binarymulticolumnfile i/o.
5While thenetCDFformatis thedefault,otherformatsarealsopossible,includinguser-definedformats.



CHAPTER2. INTRODUCTION 4

singlemessage

information gmtgroup

The listserver will mail you back a shell-scriptthat you may run to obtain all necessaryprograms,
libraries,andsupportdata. After you obtainthe archive, you will find that it containsinformation
on how to install on yourhardwareplatformandhow to obtainadditionalfiles thatyou mayneedor
want. Thearchivealsocontainsa licenseagreementandregistrationfile. We alsomaintaintwo electronic
mailing listsyoumaysubscribeto in orderto stayinformedaboutbug fixesandupgrades(SeeChapter7).

For thosewithout net-accessthat needto obtain : Geoware (http://www.geoware-online.com)
makesanddistributesCD-Rswith the package,compatiblesupplements,and1.7 Gb of usefuldata
sets.GeowarechargeUSD 35 for this servicewhich includeseverything(CD-R,handling,postage).Send
requestsfor mediato:

Geoware
Attn.: PaulWessel
91-1007AawaDrive
EwaBeach,HI 96706–3901,USA.

Includereturnaddressandcheckfor USD 35 payableto Geowareanddrawn on a US bank(non-US
customers:your local bankcanassistyou in obtaininga checkin US dollars).For moreinformationsend
e-mailto geoware@geoware-online.com.

hasserveda multitudeof scientistsvery well, andtheir responseshave promptedus to develop
theseprogramseven further. It is our hopethat the new versionwill satisfy theseusersandattractnew
usersaswell. We presentthis systemto thecommunityin orderto promotesharingof researchsoftware
amonginvestigatorsin theUS andabroad.
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3. GMT overview and quick reference

3.1 GMT summary

Thefollowing is a summaryof all theprogramssuppliedwith anda very shortdescriptionof their
purpose.For moredetails,seetheindividual UNIX manualpagesor theonlinewebdocumentation.For a
listing sortedby programpurpose,seeSection3.2.

bloc kmean L2 (x,y,z) tabledatafilter/decimator
bloc kmedian L1 (x,y,z) tabledatafilter/decimator
bloc kmode Modeestimate(x,y,z) tabledatafilter/decimator
filter1d Filter 1-D tabledatasets(timeseries)
fitcir cle Findsthebest-fittinggreator smallcircle for a setof points
gmtcon ver t Convertdatatablesfrom oneformatto another
gmtdefaults List thecurrentdefault settings
gmtmath Mathematicaloperationson tabledata
gmtselect Selectsubsetsof tabledatabasedonmultiple spatialcriteria
gmtset Changeselectedparametersin current.gmtdefaultsfile
grd2cpt Generateacolor palettetablefrom a griddedfile
grd2xyz Conversionfrom 2-D griddedfile to tabledata
grdclip Limit thez-rangein griddeddatasets
grdcontour Contouringof 2-D griddeddatasets
grdcut Cut a sub-regionfrom a griddedfile
grdedit Modify headerinformationin a 2-D griddedfile
grdfft Performoperationson griddedfiles in thefrequency domain
grdfilter Filter 2-D griddeddatasetsin thespacedomain
grdgradient Computedirectionalgradientfrom griddedfiles
grdhisteq Histogramequalizationfor griddedfiles
grdima ge Produceimagesfrom 2-D griddeddatasets
grdinf o Getinformationaboutgriddedfiles
grdlandmask Createmaskinggriddedfiles from shorelinedatabase
grdmask Resetgrid nodesin/outsideaclip pathto constants
grdmath Mathematicaloperationson griddedfiles
grdpaste Pastetogethergriddedfilesalongacommonedge
grdpr oject Projectgriddeddatasetsontoa new coordinatesystem
grdref ormat Convertsgriddedfiles into othergrid formats
grdsample Resamplea2-D griddeddatasetontoanew grid
grdtrac k Samplingof 2-D griddeddatasetalong1-D track
grdtrend Fits polynomialtrendsto griddedfiles
grdvector Plottingof 2-D griddedvectorfields
grdview 3-D perspective imagingof 2-D griddeddatasets
grdvolume Calculatevolumesundera surfacewithin specifiedcontour
makecpt Makecolor palettetables
mappr oject Transformationof coordinatesystemsfor tabledata
minmax Reportextremevaluesin tabledatafiles
nearneighbor Nearest-neighborgriddingscheme
project Projecttabledataontolinesor greatcircles
psbasemap Createabasemapplot
psc lip Usepolygonfiles to defineclippingpaths
pscoast Plot [andfill] coastlines,borders,andriverson maps
pscontour Contouror imageraw tabledataby triangulation
pshistogram Plot a histogram
psima ge Plot Sunrasterfileson a map
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psmask Createoverlayto maskout regionson maps
psr ose Plot sectoror rosediagrams
psscale Plot grayscaleor colorscaleon maps
pste xt Plot textstringson maps
pswig gle Draw tabledatatime-seriesalongtrackon maps
psxy Plot symbols,polygons,andlineson maps
psxyz Plot symbols,polygons,andlinesin 3-D
sample1d Resamplingof 1-D tabledatasets
spectrum1d Computevariousspectralestimatesfrom time-series
splitxyz Split xyzfiles into severalsegments
surface A continuouscurvaturegriddingalgorithm
trend1d Fits polynomialor Fouriertrendsto y � f � x� series
trend2d Fits polynomialtrendsto z � f � x � y� series
triangulate PerformoptimalDelauney triangulationandgridding
xyz2gr d Convertanequidistanttablexyzfile to a 2-D griddedfile

3.2 GMT quick reference

Insteadof an alphabeticallisting, this sectioncontainsa summarysortedby programpurpose.Also in-
cludedis a quick summaryof the standardcommandline optionsanda breakdown of the –J option for
eachof the25 mapprojectionsavailablein .

FILTERINGOF 1-D AND 2-D DATA

bloc kmean L2 estimate(x � y� z) datafilters/decimators
bloc kmedian L1 estimate(x � y� z) datafilters/decimators
bloc kmode Modeestimate(x � y� z) datafilters/decimators
filter1d Filter 1-D data(timeseries)
grdfilter Filter 2-D datain spacedomain

PLOTTING OF 1-D and2-D DATA

grdcontour Contouringof 2-D griddeddata
grdima ge Produceimagesfrom 2-D griddeddata
grdvector Plot vectorfieldsfrom 2-D griddeddata
grdview 3-D perspective imagingof 2-D griddeddata
psbasemap Createa basemapframe
psc lip Usepolygonfilesasclippingpaths
pscoast Plot coastlines,filled continents,rivers,andpolitical borders
pscontour Direct contouringor imagingof xyzdataby triangulation
pshistogram Plot ahistogram
psima ge Plot Sunrasterfileson a map
psmask Createoverlayto maskspecifiedregionsof amap
psr ose Plot sectoror rosediagrams
psscale Plot grayscaleor colorscale
pste xt Plot textstrings
pswig gle Draw anomaliesalongtrack
psxy Plot symbols,polygons,andlinesin 2-D
psxyz Plot symbols,polygons,andlinesin 3-D
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GRIDDING OF (X,Y,Z) TABLE DATA

nearneighbor Nearest-neighborgriddingscheme
surface Continuouscurvaturegriddingalgorithm
triangulate PerformoptimalDelauney triangulationon xyzdata

SAMPLING OF 1-D AND 2-D DATA

grdsample Resamplea 2-D griddeddataontonew grid
grdtrac k Samplingof 2-D dataalong1-D track
sample1d Resamplingof 1-D data

PROJECTIONAND MAP-TRANSFORMATION

grdpr oject Transformgriddeddatato a new coordinatesystem
mappr oject Transformtabledatato anew coordinatesystem
project Projectdataontolinesor greatcircles

INFORMATION

gmtdefaults List thecurrentdefaultsettings
gmtset Command-lineeditingof parametersin the.gmtdefaultsfile
grdinf o Getinformationaboutthecontentof griddedfiles
minmax Reportextremevaluesin tabledatafiles

MISCELLANEOUS

gmtmath ReversePolishNotation(RPN)calculatorfor tabledata
makecpt CreateGMT color palettetables
spectrum1d Computespectralestimatesfrom time-series
triangulate PerformoptimalDelauney triangulationon xyz data

CONVERT OREXTRACT SUBSETSOF DATA

gmtcon ver t Convert tabledatafrom oneformatto another
gmtselect Selecttabledatasubsetsbasedon multiplespatialcriteria
grd2xyz Convert2-D griddeddatato tabledata
grdcut Cut asub-region from a griddedfile
grdpaste Pastetogethergriddedfilesalongcommonedge
grdref ormat Convert from onegrid formatto another
splitxyz Split (x � y� z) tabledatainto severalsegments
xyz2gr d Convert tabledatato 2-D griddedfile

DETERMINETRENDSIN 1-D AND 2-D DATA

fitcir cle Findsbest-fittinggreator smallcircles
grdtrend Fitspolynomialtrendsto griddedfiles (z � f � x � y� )
trend1d Fitspolynomialor Fouriertrendsto y � f � x� series
trend2d Fitspolynomialtrendsto z � f � x � y� series

OTHEROPERATIONSON 2-D GRIDS

grd2cpt Makecolorpalettetablefrom griddedfile
grdclip Limit thez–rangein griddeddatasets
grdedit Modify grid headerinformation
grdfft Operateon griddedfiles in frequency domain
grdgradient Computedirectionalgradientsfrom griddedfiles
grdhisteq Histogramequalizationfor griddedfiles
grdlandmask Createsmaskgriddedfile from coastlinedatabase
grdmask Setgrid nodesin/outsidea clip pathto constants
grdmath ReversePolishNotation(RPN)calculatorfor griddedfiles
grdvolume Calculatevolumeundera surfacewithin a contour
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STANDARDIZED COMMAND LINE OPTIONS

–Bxinfo[/yinfo[/zinfo]][ WESNZwesnz+][ :.title: ] Tickmarks.Eachinfo is
[a]tick[m � c][ ftick[m � c]][ gtick[m � c]][ l � p][:”label”:][:,”unit”:]

–H[n headers] ASCII tableshaveheaderrecord[s]
–J (uppercasefor width, lowercasefor scale) Mapprojection(seebelow)

–JAlon0
�
lat0

�
width Lambertazimuthalequalarea

–JBlon0
�
lat0

�
lat1

�
lat2

�
width Albersconicequalarea

–JClon0
�
lat0

�
width Cassinicylindrical

–JDlon0
�
lat0

�
lat1

�
lat2

�
width Equidistantconic

–JElon0
�
lat0

�
width Azimuthalequidistant

–JFlon0
�
lat0

�
horizon

�
width AzimuthalGnomonic

–JGlon0
�
lat0

�
width Azimuthalorthographic

–JHlon0
�
width Hammerequalarea

–JIlon0
�
width Sinusoidalequalarea

–JJlon0
�
width Miller cylindrical

–JKf lon0
�
width Eckert IV equalarea

–JKslon0
�
width EckertVI equalarea

–JLlon0
�
lat0

�
lat1

�
lat2

�
width Lambertconicconformal

–JMwidth or –JMlon0
�
lat0

�
width Mercatorcylindrical

–JNlon0
�
width Robinson

–JOalon0
�
lat0

�
az
�
width ObliqueMercator, 1: origin andazimuth

–JOblon0
�
lat0

�
lon1

�
lat1

�
width ObliqueMercator, 2: two points

–JOclon0
�
lat0

�
lonp

�
latp

�
width ObliqueMercator, 3: origin andpole

–JP[awidth[
�
origin] Polar[azimuthal](θ � r) (or cylindrical)

–JQlon0
�
width Equidistantcylindrical (PlateCarŕee)

–JRlon0
�
width Winkel Tripel

–JSlon0
�
lat0

�
width Generalstereographic

–JTlon0
�
width TransverseMercator

–JUzone
�
width UniversalTransverseMercator(UTM)

–JVlon0
�
width VanderGrinten

–JWlon0
�
width Mollweide

–JXwidth[l � p][/height[l � p]][ d] Linear, log10, andxa–yb (exponential)
–JYlon0

�
lats

�
width Generalcylindrical equalarea

–K AppendmorePSlater
–O This is anoverlayplot
–P SelectPortraitorientation
–Rwest/east/south/north[/zmin/zmax][ r ] SpecifyRegion of interest
–U[/dx/dy/][ label] Plot time-stampon plot
–V Runin verbosemode
–X[a]off Shift plot origin in x-direction
–Y[a]off Shift plot origin in y-direction
–ccopies Setnumberof plot copies[1]
–: Expecty/x input ratherthanx/y
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4. General features

This sectionexplainsa few featurescommonto all theprogramsin . It summarizesthephilosophy
behindthesystem.Someof the featuresdescribedheremaymake moresenseonceyou reachthe cook-
booksectionwherewe presentactualexamplesof their use.

4.1 GMT Units

programscanacceptdimensionalquantitiesin cm, inch, meter, or point. Thereare two waysto
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.

4.2 GMT defaults

Therearemorethan50parameterswhichcanbeadjustedindividually to modify theappearanceof plotsor
affect themanipulationof data.Whena programis run, it initializesall parametersto the defaults1,
thentries to openthe file .gmtdefaultsin the currentdirectory. If not found, it will look for that file in
your homedirectory. If successful,theprogramwill readthecontentsandsetthedefault valuesto those
provided in the file. By editing this file you canaffect featuressuchaspen thicknessesusedfor maps,
fonts and font sizesusedfor annotationsand labels,color of the pens,dots-per-inch resolutionof the
hardcopy device,whattypeof splineinterpolantto use,andmany otherchoices(A completelist of all the
parametersandtheirdefaultvaluescanbefoundin thegmtdefaults manualpages).Youmaycreateyour
own .gmtdefaultsfiles by runninggmtdefaults andthenmodify thoseparametersyou want to change.
If you wantto usetheparametersettingsin anotherfile you cando soby specifying+<defaultfile>
on the commandline. This makesit easyto maintainseveral distinct parametersettings,corresponding
perhapsto the uniquestylesrequiredby differentjournalsor simply reflectingfont changesnecessaryto
makereadableoverheadsandslides.Notethatany argumentsgivenon thecommandline (seebelow) will
takeprecedentover thedefaultvalues.E.g.,if your .gmtdefaultsfile hasx offset= 1i asdefault, the–X1.5i
optionwill overridethedefault andsettheoffsetto 1.5 inches.Default valuesmayalsobechangedfrom
thecommandline with theutility gmtset .

4.3 CommandLine Ar guments

Eachprogramrequirescertainargumentsspecificto its operation.Theseareexplainedin themanualpages
and in the usagemessages.Most programsare “case-sensitive”; almostall optionsmust start with an
upper-caseletter. We have tried to chooselettersof thealphabetwhich standfor theargumentsothatthey
will beeasyto remember. Eachargumentspecificationbeginswith a hyphen(exceptinput file names;see
below), followedby a letter, andsometimesa numberor characterstring immediatelyafter the letter. Do
not spacebetweenthehyphen,letter, andnumberor string.Do spacebetweenoptions.Example:

pscoast -R0/20/0/20 -G200 -JM6i -W0.25p -B5 -V 	 map.ps

1ChoosebetweenSI andUS default unitsby modifying gmt.confin the sharedirectory
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Option Meaning
–B Definestickmarks,annotations,andlabelsfor basemapsandaxes
–H Specifiesthatinput tableshaveheaderrecord(s)
–J Selectsa mapprojectionor oneof severalnon-mapprojections
–K Allowsmoreplot codeto beappendedto this plot later
–O Allows thisplot codeto beappendedto anexistingplot
–P SelectsPortraitplot orientation[Default is landscape]
–R Definesthemin. andmax.coordinatesof themap/plotregion
–U Plotsa time-stamp,by default in thelower left cornerof page
–V Verboseoperation
–X Setsthex-coordinatefor theplot origin on thepage
–Y Setsthey-coordinatefor theplot origin on thepage
–c Specifiesthenumberof plot copies
–: Inputgeographicdataare(lat,lon) ratherthan(lon,lat)

Table4.1: StandardizedGMT commandline switches

4.4 Standardizedcommandline options

Mostof theprogramstakemany of thesameargumentslikethoserelatedto settingthedataregion,themap
projection,etc. The13 switchesin Table4.1have thesamemeaningin all theprograms(Someprograms
maynot useall of them).Theseoptionsaredescribedin moredetail in themanualpages.

4.5 CommandLine History

programs“remember”the standardizedcommandline options(Seeprevioussection)givenduring
their previous invocationsandthis providesa shorthandnotationfor complex options. For example,if a
basemapwascreatedwith anobliqueMercatorprojection,specifiedas

-Joc190/25.5/327/56/1:500000

thenasubsequentpsxy commandto plot symbolsonly needsto state–Jo in orderto activatethesame
projection. Previous commandsaremaintainedin the file .gmtcommands, of which therewill be onein
eachdirectoryyou run the programsfrom. This is handyif you createseparatedirectoriesfor separate
projectssincechancesare that datamanipulationsandplotting for eachprojectwill sharemany of the
sameoptions.Notethatanoptionspelledoutonthecommandline will alwaysoverridethelastentryin the
.gmtcommandsfile and,if executionis successful,will replacethisentryasthepreviousoptionargumentin
the.gmtcommandsfile. If you call several modulespipedtogetherthen cannotguaranteethat
the.gmtcommandsfile is processedin theintendedorderfrom left to right. Theonly guaranteeis that the
file will not beclobberedsince now usesadvisoryfile locking. Theuncertaintyin processingorder
makesthe useof shorthandsin pipesunreliable. We thereforerecommendthat you only useshorthands
in singleprocesscommandlines,andspellout thefull commandoptionwhenusingchainsof commands
connectedwith pipes.

4.6 Usagemessages,syntax- and generalerror messages

Eachprogramcarriesausagemessage.If youentertheprogramnamewithoutany arguments,theprogram
will write thecompleteusagemessageto standarderror(yourscreen,unlessyouredirectit). Thismessage
explainsin detailwhatall thevalid argumentsare.If youentertheprogramnamefollowedby ahyphen(–)
only youwill getashorterversionwhichonly showsthecommandline syntaxandnodetailedexplanations.
If you incorrectlyspecifyanoptionor omit a requiredoption,theprogramwill producesyntaxerrorsand
explain what the correctsyntaxfor theseoptionsshouldbe. If an error occursduring the runningof a
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program,theprogramwill in somecasesrecognizethis andgive you anerrormessage.Usually this will
alsoterminatetherun. Theerrormessagesgenerallybegin with thenameof theprogramin whichtheerror
occurred;if youhaveseveralprogramspipedtogetherthis tells you wherethetroubleis.

4.7 Standard Input or File, headerrecords

Mostof theprogramswhichexpecttabledatainputcanreadeitherstandardinputor input in oneor several
files. Theseprogramswill try to readstdinunlessyoutypethefilename(s)onthecommandline without the
abovehyphens.(If theprogramseesa hyphen,it readsthenext characterasaninstruction;if anargument
beginswithout a hyphen,it tries to openthis argumentasa filename).This featureallows you to connect
programswith pipesif you like. If your input is ASCII andhasoneor moreheaderrecords,you mustuse
the–H option. Thenumberof headerrecordsis oneof themany parametersin the .gmtdefaultsfile, but
canbeoverriddenby –Hn headerrecs. ASCII filesmayin many casesalsocontainsub-headersseparating
datasegments;seeAppendixB for completedocumentation.For binarytabledatanoheadersareallowed.

4.8 VerboseOperation

Most of the programstake an optional–V argumentwhich will run the programin the “verbose”mode.
Verbosewill write to standarderrorinformationabouttheprogressof theoperationyou arerunning.Ver-
bosereportsthingssuchascountsof pointsread,namesof datafiles processed,convergenceof iterative
solutions,andthelike. Sincethesemessagesarewritten to stderr, theverbosetalk remainsseparatefrom
yourdataoutput.

4.9 Output

Most programswrite their results,includingPostScriptplots,to standardoutput.Theexceptionsarethose
whichmaycreatebinarynetCDFgrd-filessuchassurface (dueto thedesignof netCDFafilenamemustbe
provided;however, alternativeoutputformatsallowing pipingareavailable).With UNIX you canredirect
standardoutputor pipe it into anotherprocess.Error messages,usagemessages,andverbosecomments
arewritten to standarderror in all cases.You canuseUNIX to redirectstandarderroraswell, if you want
to createa log file of whatyouaredoing.

4.10 PostScript Features

PostScriptis acommandlanguagefor driving graphicsdevicessuchaslaserprinters.It is ASCII text which
you canreadandedit asyou wish (assumingyou have someknowledgeof thesyntax).We preferthis to
binarymetafileplot systemssincesuchfiles cannoteasilybemodifiedafterthey have beencreated.
programsalsowrite many commentsto the plot file which make it easierfor usersto orient themselves
should they needto edit the file (e.g., % Start of x-axis). All programscreatePostScriptcode
by calling thepslib plot library (Theusermaycall thesefunctionsfrom his/herown C or FORTRAN plot
programs.Seethemanualpagesfor pslib syntax).Although programscancreateveryindividualized
plot code,therewill alwaysbecasesnot coveredby theseprograms.Someknowledgeof PostScriptwill
enablethe userto addsuchfeaturesdirectly into the plot file. By default, will producefreeform
PostScriptoutputwith embeddedprinterdirectives.To produceEncapsulatedPostScript(EPS)thatcanbe
importedinto graphicsprogramssuchas IslandDraw andAdobe Illustrator for furtherembellishment,
changethe PAPER MEDIA settingin the .gmtdefaultsfile. SeeAppendixC andthe gmtdefaults man
pagefor moredetails.
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4.11 Landscapeand Portrait Orientations

In general,a plot hasan x-axis increasingfrom left to right anda y-axis increasingfrom bottomto top.
If thepaperis turnedso that the long dimensionof thepaperis parallelto thex-axis thentheplot is said
to have Landscapeorientation. If the long dimensionof the paperparallelsthe y-axis the orientationis
calledPortrait. (Think of takingpictureswith a cameraandthesewordsmake sense).All theprograms
in have the samedefault orientation,which is Landscape.Use–P to changeto Portrait(Note that
PAPER MEDIA is auser-definableparameter, by defaultsetto Letter(or A4). For otherpaperdimensions
youmustchangethis valueaccordingly).

4.12 Overlay and Continue Modes

A typical PostScriptfile hasa beginning, a middle, andan end. The beginning definescertainfeatures
(e.g.,macros,origin, orientation,scale,etc.) which will beneededto createtheplot. Themiddlehasthe
commandswhichactuallydotheplotting. Theendtells thegraphicsdeviceto putout theplot (showpage
in PostScript) and resetthe graphicsstate. Many of the illustrationsin this cookbookare built up by
appendingPostScriptfiles together. If you do this, thefirst file needsa “beginning” andno “end”, thelast
an“end” but no“beginning”,andthemiddlefilesneedonly a“middle”. Youaccomplishthisautomatically
with the Overlay (–O) andContinue(–K) options. Overlay indicatesthat this plot will be laid on top of
an earlierone;thereforethe “beginning” is not includedin the output. The default is alwaysno overlay,
i.e. write out the“beginning”. Continueindicatesthatanotherplot will follow this onelater; thereforethe
“end” is not includedin theoutput. Thedefault is to outputthe“end”. If you run only oneplot program,
ignoreboththe–O and–K options;they areonly usedwhenstackingplots.

4.13 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., the valueassignedto the
parameterDOTS PR INCH in your .gmtdefaults file). Thus, if the dpi is set to 300 this unit is
1/300thof an inch. Appendp to specifypenwidth in points(1/72 of an inch)2. Note that a pen
thicknessof 5 will beof differentphysicalwidth dependingonyourdpi setting,whereasa thickness
of 5p will alwaysbe5/72of aninch. 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 attribute controlsthe appearanceof the line. To get a dottedline, simply append“ to”
after the width andcolor arguments;a dashedpenis requestedwith “ ta”. For exact specifications
you mayappendtstring:offset, wherestring is a seriesof integersseparatedby underscores.These
numbersrepresentapatternby indicatingthelengthof line segmentsandthegapbetweensegments.
Theoffsetshifts the patternalongthe line. For example,if you want a yellow line of width 2 that
alternatesbetweenlongdashes(20units),a10unit gap,thena5 unit dash,thenanother10unit gap,
with patternoffset by 10 units from the origin, specify–W2/255/255/0t20 10 5 10:10. Here, the
textureunitscanbespecifiedin dpi unitsor points(seeabove).

2PostScriptdefinition. In thetypesettingindustryaslighly differentdefinitionof point (1/72.27inch) is used.
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4.14 Specifyingareafill 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 the first casewe may specifya gray shade(0–255)or a color (r/g/b in the 0–255range),similar
to the pencolor settings.The secondform allows us to usea predefinedbit-imagepattern. patterncan
eitherbe a numberin the range1–90or the nameof a 1-, 8-, or 24-bit Sunrasterfile. The former will
result in oneof the 90 predefined64 x 64 bit-patternsprovidedwith andreproducedin Appendix
E. The latter allows the userto createcustomized,repeatingimagesusingstandardSunrasterfiles.The
dpi parametersetsthe resolutionof this imageon the page;the areafill is thusmadeup of a seriesof
these“tiles”. Specifyingdpi as0 will resultin highestresolutionobtainablegiventhepresentdpi setting
in .gmtdefaults. By specifyinguppercase–GP insteadof –Gp the imagewill bebit-reversed,i.e., white
andblackareaswill be interchanged(only appliesto 1-bit imagesor predefinedbit-imagepatterns).For
thesepatternsandother1-bit imagesonemay specifyalternative backgroundandforegroundcolors(by
appending:Br/g/b[Fr/g/b]) thatwill replacethedefaultwhiteandblackpixels,respectively. Settingoneof
the fore- or backgroundcolorsto – yieldsa transparentimagewhereonly theback-or foregroundpixels
will bepainted.Dueto PostScriptimplementationlimitationstherasterimagesusedwith –G mustbeless
than146x 146pixelsin size;for largerimagesseepsima ge. Theformatof Sunrasterfiles is outlinedin
AppendixB. NotethatunderPostScriptLevel 1 thepatternsarefilled by usingthepolygonasa clip path.
Complex clip pathsmayrequiremorememorythanthePostScriptinterpreterhasbeenassigned.Thereis
thereforethepossibilitythatsomePostScriptinterpreters(especiallythosesuppliedwith olderlaserwriters)
will run out of memoryandabort. Shouldthatoccurwe recommendthatyou usea regulargrayshadefill
insteadof thepatterns.Installingmorememoryin yourprintermayor maynot solve theproblem!

4.15 Color palette tables

Several programs,suchas thosewhich read2-D griddeddatasetsandcreatecoloredimagesor shaded
reliefs,needtobetoldwhatcolorstouseandoverwhatz-rangeeachcolorapplies.Thisis thepurposeof the
colorpalettetable(cpt-file). Thesefilesmayalsobeusedby psxy andpsxyz to plot color-filled symbols.
The colors may be specifiedeither in the RGB (red, green,blue) systemor in the HSV system(hue,
saturation,value),andthe parameterCOLOR MODEL in the .gmtdefaultsfile mustbe setaccordingly.
UsingtheRGB system,theformatof thecpt-file is:

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

Thus,for each“z-slice”, definedastheinterval betweentwo boundaries(e.g.,z0 to z1), thecolorcanbe
constant(by letting Rmin = Rmax, Gmin = Gmax, andBmin = Bmax) or a continuous,linearfunctionof z. The
optionalflagA is usedto indicateanotationof thecolorscalewhenplottedusingpsscale . A maybeL , U,
or B to selectanotationof thelower, upper, or both limits of theparticularz-slice. However, thestandard
–B option canbeusedby psscale to affect anotationandticking of colorscales.Thebackgroundcolor
(for z-values � z0), foregroundcolor (for z-values 	 zn 
 1), andnot-a-number(NaN) color (for z-values=
NaN)areall definedin the.gmtdefaultsfile, but canbeoverriddenby thestatements

B Rback Gback Bback

F Rf ore Gf ore B f ore

N Rnan Gnan Bnan

which canbe insertedinto the beginning or endof the cpt-file. If you prefer the HSV system,set the
.gmtdefaultsparameteraccordinglyandreplacered,green,bluewith hue,saturation,value.Color palette
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tablesthat containgrayshadesonly may replacethe r-g-b triplets with a singlegrayshadein the 0–255
range.

A few programs(i.e., thosethat plot polygonssuchas grdview, psscale , and psxy ) can accept
patternfills insteadof grayshades.You mustgive thepatternasin theprevioussection(no leading–G of
course),andonly thefirst (low z) is used(wecannotinterpolatebetweenpatterns).Finally, someprograms
let youskip featureswhosez-slicein thecptfilehasgrayshadessetto –. As anexample,consider

30 p200/16 80 –
80 – 100 –
100 255 0 0 200 255 255 0

whereslice30 � z � 80 is paintedwith pattern# 16 at 200dpi, slice80 � z � 100 is skipped,while
slice100 � z � 200is paintedin a rangeof redto yellow, dependingon theactualvalueof z.

Someprogramslike grdima ge and grdview apply artificial illumination to achieve shadedrelief
maps.This is typically doneby finding thedirectionalgradientin thedirectionof theartificial light source
andscalingthe gradientsto have approximatelya normal distribution on the interval � -1,+1	 . These
intensitiesareusedto add“white” or “black” to thecolor asdefinedby the z-valuesandthecpt-file. An
intensityof zeroleavesthecolorunchanged.Highervalueswill brightenthecolor, lowervalueswill darken
it, all without changingthe original hueof thecolor (seeAppendixI for moredetails). The illumination
is decoupledfrom thedatagrd-file in thata separategrdfile holdingintensitiesin the � -1,+1	 rangemust
be provided. Suchintensityfiles canbe derived from the datagrdfile usinggrdgradient andmodified
with grdhisteq , but couldequallywell bea separatedataset.E.g.,someside-scansonarsystemscollect
both bathymetryandbackscatterintensities,andone may want to usethe latter information to specify
the illumination of the colors definedby the former. Similarly, onecould portray magneticanomalies
superimposedon topographyby usingtheformerfor colorsandthelatterfor shading.

4.16 Character escapesequences

For annotationlabelsor textstringsplottedwith pste xt , providesseveralescapesequencesthatallow
the userto temporarilyswitch to the symbolfont, turn on sub-or superscript,etc. within words. These
conditionsaretoggledon/off by theescapesequence@x, wherex canbeoneof severaltypes.Theescape
sequencesrecognizedin arelistedin Table4.2.

Code Effect
@˜ Turnssymbolfont on or off
@%fontno% Switchesto anotherfont; @%%resetsto previousfont
@+ Turnssuperscripton or off
@- Turnssubscriptonor off
@# Turnssmallcapson or off
@! Createsonecompositecharacterof thenext two characters
@@ Printsthe@ signitself

Table4.2: GMT text escapesequences

Shorthandnotationfor a few specialScandinaviancharactershasalsobeenadded(Table4.3):
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Code Effect
@E Æ
@e æ
@O Ø
@o ø
@A Å
@a å

Table4.3: Shortcutsfor Scandinaviancharacters

PostScriptfontsusedin maybere-encodedto includeseveralaccentedcharactersusedin many
Europeanlanguages.To accessthese,you mustspecifythe full octal code � xxx (SeeAppendixF). Also
seethe definition of (and reasonfor) WANT EURO FONT in the gmtdefaults man page. Basically,
WANT EURO FONT mustbe set to TRUE for the specialcharactersto be available. Many characters
thatarenotdirectly availableby usingsingleoctalcodesmaybeconstructedwith thecompositecharacter
mechanism@!.

Someexamplesof escapesequencesandembeddedoctalcodesin strings:

2@˜p@˜r@+2@+h@-0@-E\363tv\363s = 2πr2h0 Eötvös
10@+-3 @Angstr@om = 10
 3 Ångstrøm
Se\227or Gar\215on = SẽnorGarçon
M@!\305anoa stra\373e = Manoastraße
A@\#cceleration@\# (ms@+-2@+) = ACCELERATION (MS
 2)

The option in pste xt to draw a rectanglesurroundingthe text will not work for stringswith escape
sequences.A chartof charactersandtheir octalcodesis givenin AppendixF.

4.17 Embeddedgrdfile format specifications

hastheability to readmorethanonegrdfile format. As distributed, now recognizes12 prede-
finedfile formats.Theseare

0. netCDF4-bytefloat format[Default]

1. Nativebinarysingleprecisionfloatsin scanlineswith leadinggrdheader

2. Nativebinaryshortintegersin scanlineswith leadinggrd header

3. 8-bit standardSunrasterfile(colormapignored)

4. Nativebinaryunsignedcharin scanlineswith leadinggrd header

5. Nativebinarybits in scanlineswith leadinggrdheader

6. Nativebinary“surfer” grid files

7. netCDF1-bytebyteformat

8. netCDF1-bytecharformat

9. netCDF2-byteint format

10. netCDF4-byteint format

11. netCDF8-bytedoubleformat
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In addition,userswith someC-programmingexperiencemayaddtheirown read/writekernelsandlink
themwith the library to extendthenumberof predefinedformats.Technicalinformationonthis topic
canbefoundin thesourcefile gmt customio.c.

Becauseof thesenew formatsit is sometimesnecessaryto provide morethansimply thenameof the
file onthecommandline. For instance,ashortintegerfile mayuseauniquevalueto signify anemptynode
or NaN,andthedatamayneedtranslationandscalingprior to use.Therefore,all programsthatread
or write grdfileswill decodethegivenfilenameasfollows:

name[=id[/scale/offset[/nan]]]

whereeverythingin bracketsis optional.If youonly usethedefaultnetCDFfile formatthennooptionsare
needed:justcontinueto passthenameof thegrdfile. However, if youuseanotherformatyoumustappend
the=id string,whereid is theformat id numberlistedabove. In addition,shouldyou wantto multiply the
databy a scalefactor, thenadda constantoffsetyou mayappendthe/scale/offsetmodifier. Finally, if you
needto indicatethata certaindatavalueshouldbe interpretedasa NaN (not-a-number)you mayappend
the/nansuffix to thescalingstring(it cannotgo by itself; notethenestingof thebrackets!).

Someof thegrd formatsallow writing to standardoutputandreadingfrom standardinputwhichmeans
you canconnect programsthat operateon grdfileswith pipes,therebyspeedingup executionand
eliminatingtheneedfor large,intermediategrdfiles.You specifystandardinput/outputby leaving out the
filenameentirely. Thatmeansthe“filename” will begin with “= id ” sincethe defaultnetCDFformat
doesnot allow piping (dueto thedesignof netCDF).

Everythinglooksmoreobviousaftera few examples:

1. To write a binaryfloatgrd file, specifythenameasmy file.grd=1.

2. To reada shortintegergrd file, multiply thedataby 10 andthenadd32000,but first let valuesthat
equal32767besetto NaN,usethefilenamemy file.grd=2/10/32000/32767.

3. To reada 8-bit standardSunrasterfile(with valuesin the0–255range)andconvert it to a 
 1 range,
give thenameasrasterfile=3/7.84313725e-3/-1(i.e.,1/127.5).

4. To write a shortintegergrd file to standardoutputaftersubtracting32000anddividing its valuesby
10,givefilenameas=2/0.1/-3200.

Programsthatbothreadand/orwrite morethanonegrdfilemayspecifydifferentformatsand/orscaling
for the files involved. The only restrictionwith the embeddedgrd specificationmechanismis that no
grdfilesmayactuallyusethe“=” characteraspartof their name(presumably, a smallsacrifice).

Onecanalsodefinespecialfile suffixesto imply aspecificfile format;this approachrepresentsamore
intuitiveanduser-friendly way to specifythevariousfile formats.Theusermaycreateafile called.gmt io
in thehomedirectoryanddefineany numberof customformats.Thefollowing is anexampleof a .gmt io
file:

# GMT i/o shorthandfile
# It canhaveany numberof commentlineslike this oneanywhere
# suffix format id scaleoffsetNaN Comments
grd 0 - - - Default format
b 1 - - - Nativebinaryfloats
i2 2 - - 32767 2-byteintegers
ras 3 - - - Sunrasterfiles
byte 4 - - 255 1-bytegrids
bit 5 - - - 0 or 1 grids
mask 5 - - 0 1 or NaNmasks
faa 2 0.1 - 32767 Gravity in 0.1mGal
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Thesesufficescanbe anything that make senseto the user. To activatethis mechanism,setparam-
eterGRIDFILE SHORTHAND to TRUE in your .gmtdefaultsfile. Then,using the filenamestuff.i2 is
equivalentto sayingstuff.i2=2/1/0/32767, andthefilenamewet.maskmeanswet.mask=5/1/0/0.For a file
intendedfor masking,i.e., thenodesareeither1 or NaN, thebit or maskformatfile maybedown to 1/32
thesizeof thecorrespondinggrd formatfile.

4.18 Binary table i/o

All programsthataccepttabledatainputmayreadASCII or binarydata.Whenusingbinarydatathe
usermustbeawareof thefact that hasno way of determiningtheactualnumberof columnsin the
file. Youshouldthereforepassthatinformationto via thebinary–bi[s]n option,wheren is theactual
numberof datacolumns(s indicatessingleratherthandoubleprecision).Note thatn maybe larger than
m, thenumberof columnsthatthe programrequiresto do its task.If n is notgiventhenit defaultsto
m. If n � m anerroris generated.For moreinformation,seeAppendixB.
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5. GMT Projections

programsthatreadpositiondatawill needto know how to convert theinputcoordinatesto positions
on themap.This is achievedby selectingoneof severalprojections.Thepurposeof thissectionis to sum-
marizethepropertiesof mapprojectionsavailablein , whatparametersdefinethem,anddemonstrate
how they areusedto createsimplebasemaps.We will mostlybeusingthepscoast commandandocca-
sionally psxy . (Our illustrationsmaydiffer from yoursbecauseof differentsettingsin our .gmtdefaults
file.) Notethatwhile we will specifydimensionsin inches(by appendingi), you maywantto usecm (c),
meters(m), or points(p) asunit instead(seegmtdefaults manpage).

5.1 Non-mapProjections

Thelinearprojectioncomesin threeflavors: linear, log10, andpower (or exponential).Theprojectionfor
the y-axiscanbe setindependentlyfrom the x-axis. We will show examplesof all threeby first creating
dummydatasetsusinggmtmath , a“ReversePolishNotation”(RPN)calculatorthatoperatesonor creates
tabledata:

#!/bin/sh
#
# $Id: GMT_dummydata.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#
# This script makes the dummy data sets needed in Section 5.1

gmtmath -T0/100/1 T SQRT = sqrt.d
gmtmath -T0/100/10 T SQRT = sqrt.d10

5.1.1 CartesianLinear Projection (–Jx –JX)

Selectionof this transformationwill result in a linear scalingof the input coordinates.The projectionis
definedby stating� scalein inches/unit(–Jx) or axislengthin inches(–JX)

If they-scaleor y-axislengthis differentfrom thatof thex-axis(which is mostoftenthecase),separate
thetwo scales(or lengths)by a slash,e.g.,–Jx0.1i/0.5ior –JX8i/5i. Thus,our y ��� x datasetswill plot
asshown in Figure5.1.

Thecompletecommandsgivento producethis plot were
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Figure5.1: Lineartransformationof coordinates
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#!/bin/sh
# $Id: GMT_linear.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

psxy -R0/100/0/10 -JX3i/1.5i -Ba20f10g10/a2f1g2WSne -W1t3_3:0p -P -K sqrt.d > GMT_linear.ps
psxy -R -JX -St0.075i -G200 -W -O sqrt.d10 >> GMT_linear.ps

Normally, theuser’sx-valueswill increaseto theright andthey-valueswill increaseupwards.It should
benotedthatin many situationsit is desirableto havethedirectionof positivecoordinatesbereversed.For
example,whenplottingdepthon they-axisit makesmoresenseto have thepositivedirectiondownwards.
All thatis requiredto reversethesenseof positivedirectionis to supplyanegativescale(or axislength).

5.1.2 Logarithmic projection
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Figure5.2: Logarithmictransformationof x-coordinates

Thelog10 transformationis selectedby appendingan l (lowercaseL) immediatelyfollowing thescale
(or axis length) value. Hence,to producea plot in which the x-axis is logarithmic (the y-axis remains
linear),try

#!/bin/sh
# $Id: GMT_log.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

psxy -R1/100/0/10 -Jx1.5il/0.15i -B2g3/a2f1g2WSne -W1t2_2:0p -P -K -H sqrt.d > GMT_log.ps
psxy -R -Jx -Ss0.075i -G0 -W -O -H sqrt.d10 >> GMT_log.ps

Notethatif x- andy-scalingaredifferentandalog10-log10 plot is desired,thel mustbeappendedtwice:
Onceafterthex-scale(beforethe/) andonceafterthey-scale.

5.1.3 Power projection

This projectionallows usto displayxa versusyb. While a andb canbeany values,we will selecta = 0.5
andb = 1 which meanswe will plot y versus� x. We indicatethis scalingby appendinga p (lower case
P) followedby thedesiredexponent,in our case0.5. Sinceb = 1 we do not needto specifyp1 sinceit is
identicalto thelinearscaling.Thusourcommandbecomes

#!/bin/sh
# $Id: GMT_pow.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

psxy -R0/100/0/10 -Jx0.3ip0.5/0.15i -Ba1p/a2f1WSne -W1p -P -K sqrt.d > GMT_pow.ps
psxy -R -Jx -Sc0.075i -G255 -W -O sqrt.d10 >> GMT_pow.ps
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Figure5.3: Exponentialor power transformationof x-coordinates
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Figure5.4: Lineartransformationof mapcoordinates

5.1.4 Geographicallinear projection

While theselinearprojectionsareprimarily designedfor genericx,y data,it is sometimesnecessaryto plot
geographicaldatain a linear projection. This posesa problemsincelongitudeshave a 360� periodicity.

thereforeneedsto beinformedthat it hasbeengivengeographicaldataalthougha linearprojection
hasbeenchosen.We do soby appendinga d (for degrees)to theendof the–Jx (or –JX) option. As an
example,wewantto plot acrudeworld mapcenteredon 125� E. Our commandwill be

#!/bin/sh
# $Id: GMT_linear_d.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

gmtset GRID_CROSS_SIZE 0.1i BASEMAP_TYPEFANCY DEGREE_FORMAT3
pscoast -R-55/305/-90/90 -Jx0.014id -B60g30f15/30g30f15WSen -Dc -A1000 -G200 -W0.25p -P \

> GMT_linear_d.ps
gmtset GRID_CROSS_SIZE 0

with theresultreproducedin Figure5.4.

5.1.5 Linear Projection with Polar (θ � r) Coordinates(–Jp –JP)

In many applicationsthe datais betterdescribedin polaror cylindrical (θ, r) coordinatesratherthanthe
usualCartesiancoordinates(x, y). The relationshipbetweenthe Cartesianandpolar coordinatesarede-
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Figure5.5: Polar(Cylindrical) transformationof (θ � r) coordinates

scribedby x � r � cosθ � y � r � sinθ. Thepolartransformationis simply definedby providing

� scalein inches/unit(–Jp) or full width of plot in inches(–JP)� Optionally, inserta afterp �P to indicateCW azimuthsratherthanCCW directions� Optionally, append/origin in degreesto indicateanangularoffset[0]

As an exampleof this projectionwe will createa griddeddataset in polar coordinatesz� θ � r ��� r2 �
cos4θ usinggrdmath , a RPNcalculatorthatoperatesonor createsgrdfiles.

#!/bin/sh
# $Id: GMT_polar.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

grdmath -R0/360/2/4 -I6/0.1 X 4 MUL PI MUL 180 DIV COS Y 2 POWMUL = test.grd
grdcontour test.grd -JP3i -B30Ns -P -C2 -S4 > GMT_polar.ps

We usedgrdcontour to make a contourmapof this data.Becausethedatafile only containsvalues
with 2 � r � 4, a donutshapedplot appearsin Figure5.5.
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5.2 Conic Projections

5.2.1 Albers Conic Equal-AreaProjection (–Jb –JB)

This projection,developedby Albers in 1805, is predominantlyusedto mapregionsof large east-west
extent,in particulartheUnitedStates.It is a conic,equal-areaprojection,in which parallelsareunequally
spacedarcsof concentriccircles,morecloselyspacedat thenorthandsouthedgesof themap.Meridians,
on the otherhand,areequallyspacedradii abouta commoncenter, andcut the parallelsat right angles.
Distortion in scaleandshapevanishesalongthe two standardparallels. Betweenthem,the scalealong
parallelsis too small; beyondthemit is too large. Theoppositeis true for thescalealongmeridians.To
definetheprojectionin youneedto providethefollowing information:� Longitudeandlatitudeof theprojectioncenter� Two standardparallels� Mapscalein inch/degreeor 1:xxxxx notation(–Jb), or mapwidth (–JB)

Notethatyou mustincludethe“1:” if you chooseto specifythescalethatway. E.g.,you cansay0.5
which means0.5 inch/degreeor 1:200000which means1 inch on the mapequals200,000inchesalong
thestandardparallels.Theprojectioncenterdefinestheorigin of therectangularmapcoordinates.As an
examplewe will make a mapof the region nearTaiwan. We choosethe centerof the projectionto be at
125 � E/20 � N and25 � N and45 � N asour two standardparallels.We desirea mapthat is 5 incheswide.
Thecompletecommandneededto generatethemapbelow is thereforegivenby:

#!/bin/sh
# $Id: GMT_albers.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

gmtset GRID_CROSS_SIZE 0
pscoast -R110/140/20/35 -JB125/20/25/45/5i -B10g5 -Dl -G200 -W0.25p -A250 -P > GMT_albers.ps

110˚E�

110˚E

120˚E

120˚E

130˚E

130˚E

140˚E

140˚E

20˚N 20˚N

30˚N 30˚N

Figure5.6: Albersequal-areaconicmapprojection
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5.2.2 Lambert Conic Conformal Projection (–Jl –JL)

This conic projectionwas designedby Lambert (1772) and hasbeenusedextensively for mappingof
regionswith predominantlyeast-westorientation,just like the Albers projection. Unlike the Albers pro-
jection,Lambert’s conformalprojectionis not equal-area.Theparallelsarearcsof circleswith a common
origin, andmeridiansaretheequallyspacedradii of thesecircles.As with Albersprojection,it is only the
two standardparallelsthataredistortion-free.To selectthisprojectionin youmustprovidethesame
informationasfor theAlbersprojection,i.e.� Longitudeandlatitudeof theprojectioncenter� Two standardparallels� Mapscalein inch/degreeor 1:xxxxx notation(–Jl), or mapwidth (–JL)

The Lambertconformalprojectionhasbeenusedfor basemapsfor all the 48 contiguousStateswith
the two fixed standardparallels33� N and45� N. We will generatea mapof the continentalUSA using
theseparameters.Note thatwith all theprojectionsyou have theoptionof selectinga rectangularborder
ratherthanonedefinedby meridiansandparallels.Here,we choosetheregularWESNregion,a FANCY
basemapframe,andusedegreeswestfor longitudes.Thegeneratingcommandsusedwere

#!/bin/sh
# $Id: GMT_lambert_conic.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

gmtset BASEMAP_TYPEFANCY DEGREE_FORMAT3 GRID_CROSS_SIZE 0.05i
pscoast -R-130/-70/24/52 -Jl-100/35/33/45/1:50000000 -B10g5 -Dl -N1/1p -N2/0.5p -A500 -G200 \

-W0.25p -P > GMT_lambert_conic.ps
gmtset GRID_CROSS_SIZE 0
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Figure5.7: Lambertconformalconicmapprojection

The choicefor projectioncenterdoesnot affect the projectionbut it indicateswhich meridian(here
100� W) will beverticalonthemap.Thestandardparallelswereoriginally selectedby Adamsto providea
maximumscaleerrorbetweenlatitudes30.5� N and47.5� N of 0.5–1%.Someareas,likeFlorida,experience
scaleerrorsof up to 2.5%.
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5.2.3 Equidistant Conic Projection (–Jd –JD)

The equidistantconic projectionwasdescribedby the GreekphilosopherClaudiusPtolemyaboutA.D.
150. It is neitherconformalor equal-area,but servesasa compromisebetweenthem. The scaleis true
alongall meridiansandthestandardparallels.To selectthisprojectionin youmustprovidethesame
informationasfor theotherconicprojection,i.e.� Longitudeandlatitudeof theprojectioncenter� Two standardparallels� Mapscalein inch/degreeor 1:xxxxx notation(–Jd), or mapwidth (–JD)

Theequidistantconicprojectionis oftenusedfor atlaseswith mapsof smallcountries.As anexample,
we generateamapof Cuba:

#!/bin/sh
# $Id: GMT_equidistant_conic.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

gmtset DEGREE_FORMAT3 GRID_CROSS_SIZE 0.05i
pscoast -R-88/-70/18/24 -JD-79/21/19/23/4.5i -B5g1 -Di -N1/1p -G200 \

-W0.25p -P > GMT_equidistant_conic.ps
gmtset GRID_CROSS_SIZE 0
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Figure5.8: Equidistantconicmapprojection
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5.3 Azimuthal Projections

5.3.1 Lambert Azimuthal Equal-Area(–Ja –JA)

This projectionwasdevelopedby Lambertin 1772andis typically usedfor mappinglarge regionslike
continentsandhemispheres.It is anazimuthal,equal-areaprojection,but is not perspective. Distortion is
zeroat thecenterof theprojection,andincreasesradiallyawayfrom thispoint. To definethisprojectionin

youmustprovidethefollowing information:� Longitudeandlatitudeof theprojectioncenter� Scaleas1:xxxxx or asradius/latitudewhereradiusis distanceon mapin inchesfrom projectioncenter
to anobliquelatitude(–Ja), or mapwidth in inches(–JA).

Two differenttypesof mapscanbemadewith thisprojectiondependingonhow theregionis specified.
We will giveexamplesof bothtypes.

Rectangularmap

In this modewe defineour region by specifyingthe longitude/latitudeof the lower left andupperright
cornersinsteadof the usualwest,east,south,north boundaries.The reasonfor specifyingour areathis
way is that for this andmany otherprojections,linesof equallongitudeandlatitudearenot straightlines
andarethuspoorchoicesfor mapboundaries.Insteadwe requirethat themapboundariesberectangular
by definingthecornersof a rectangularmapboundary. Using0� E/40� S (lower left) and60� E/10� S (upper
right) asour cornerswe try

#!/bin/sh
# $Id: GMT_lambert_az_rect.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

gmtset DEGREE_FORMAT0 GRID_CROSS_SIZE 0
pscoast -R0/-40/60/-10r -JA30/-30/4.5i -B30g30/15g15 -Dl -A500 -G200 -W0.25p -P > \

GMT_lambert_az_rect.ps
0˚ 30˚
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-30˚
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Figure5.9: RectangularmapusingtheLambertazimuthalequal-areaprojection.
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Notethatan “r” is appendedto the–R option to inform that theregion hasbeenselectedusing
therectangletechnique,otherwiseit would try to decodethevaluesaswest,east,south,north andreport
anerrorsince’east’ � ’west’.

Hemispheremap

Here,youmustspecifytheworld asyour region(–R0/360/-90/90).E. g., to obtainahemisphereview that
shows theAmericas,try

#!/bin/sh
# $Id: GMT_lambert_az_hemi.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R0/360/-90/90 -JA280/30/3.5i -B30g30/15g15 -Dc -A1000 -G0 -P > GMT_lambert_az_hemi.ps

Figure5.10:HemispheremapusingtheLambertazimuthalequal-areaprojection.

To geologists,theLambertazimuthalequal-areaprojection(with origin at0� /0� ) is known astheequal-
area(Schmidt)stereonetandusedfor plotting fold axes,faultplanes,andthelike. An equal-angle(Wulff)
stereonetcanbeobtainedby usingthestereographicprojection(discussedlater). Thestereonetsproduced
by thesetwo projectionsappearbelow.

5.3.2 StereographicEqual-Angle Projection (–Js–JS)

This is a conformal,azimuthalprojectionthat datesbackto the Greeks.Its main useis for mappingthe
polarregions.In thepolaraspectall meridiansarestraightlinesandparallelsarearcsof circles.While this
is themostcommonuseit is possibleto selectany pointasthecenterof projection.Therequirementsare� Longitudeandlatitudeof theprojectioncenter.� Scaleas1:xxxxx (truescaleat pole),slat/1:xxxxx(truescaleat standardparallelslat),or radius/latitude

whereradiusis distanceon mapin inchesfrom projectioncenterto a particular[possiblyoblique]
latitude(–Js), or simply mapwidth (–JS).

We will look at two differenttypesof maps.
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SCHMIDT WULFF

Figure5.11:Equal-Area(Schmidt)andEqual-Angle(Wulff) stereonets

Polar StereographicMap

In our first examplewe will let the projectioncenterbe at the north pole. This meanswe have a polar
stereographicprojectionandthemapboundarieswill coincidewith linesof constantlongitudeandlatitude.
An exampleis givenby

#!/bin/sh
# $Id: GMT_stereographic_polar.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

gmtset DEGREE_FORMAT1
pscoast -R-30/30/60/72 -Js0/90/4.5i/60 -Ba10g5/5g5 -Dl -A250 -G0 -P > GMT_stereographic_polar.ps

-30˚

-30˚

-20˚

-20˚

-10˚

-10˚

0˚

0˚

10˚

10˚

20˚

20˚

30˚

30˚

60˚ 60˚

65˚ 65˚

70˚ 70˚

Figure5.12:Polarstereographicconformalprojection.

RectangularStereographicMap

As with Lambert’sazimuthalequal-areaprojectionwehavetheoptionto userectangularboundariesrather
thanthewedge-shapetypically associatedwith polarprojections.This choiceis definedby selectingtwo
pointsascornersin therectangleandappendingan“r” to the–R option. This commandproducesa map
aspresentedin Figure5.13:
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#!/bin/sh
# $Id: GMT_stereographic_rect.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

gmtset DEGREE_FORMAT1 OBLIQUE_ANOTATION30
pscoast -R-25/59/70/72r -JS10/90/11c -B30g10/5g5 -Dl -A250 -G200 -W.25p -P > \

GMT_stereographic_rect.ps
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Figure5.13:Polarstereographicconformalprojectionwith rectangularborders.

General StereographicMap

In termsof usagethis projectionis identical to the Lambertazimuthalequal-areaprojection. Thus,one
canmakebothrectangularandhemisphericmaps.OurexampleshowsAustraliausingaprojectionpoleat
130E/30� S.Thecommandusedwas

#!/bin/sh
# $Id: GMT_stereographic_general.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#
gmtset DEGREE_FORMAT1 OBLIQUE_ANOTATION0
pscoast -R100/-40/160/-10r -JS130/-30/4i -B30g10/15g15 -Dl -A500 -G0 -P \

> GMT_stereographic_general.ps
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Figure5.14:Generalstereographicconformalprojectionwith rectangularborders.

By choosing0� /0� asthepole,weobtaintheconformalstereonetpresentednext to its equal-areacousin
in theSection5.3.1on theLambertazimuthalequal-areaprojection(Figure5.11).

5.3.3 Orthographic Projection (–Jg –JG)

The orthographicazimuthalprojectionis a perspective projectionfrom infinite distance. It is therefore
often usedto give the appearanceof a globeviewed from space.As with Lambert’s equal-arealandthe
stereographicprojection,only onehemispherecanbeviewedat any time. Theprojectionis neitherequal-
areanor conformal,andmuchdistortion is introductednearthe edgeof the hemisphere.The directions
from thecenterof projectionaretrue. Theprojectionwasknown to theEgyptiansandGreeksmorethan
2,000yearsago. Becauseit is mainly usedfor pictoral views at a small scale,only thesphericalform is
necessary.

To specifytheorthographicprojectionyoumustsupply� Longitudeandlatitudeof theprojectioncenter.� Scaleas1:xxxxx or asradius/latitudewhereradiusis distanceon mapin inchesfrom projectioncenter
to a particular[possiblyoblique]latitude(–Jg), or mapwidth (–JG).

Ourexampleof aperspectiveview centeredon75� W/40� N canthereforebegeneratedby thefollowing
pscoast command:

#!/bin/sh
# $Id: GMT_orthographic.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R0/360/-90/90 -JG-75/40/4.5i -B15g15 -Dc -A5000 -G0 -P > GMT_orthographic.ps

5.3.4 Azimuthal Equidistant Projection (–Je –JE)

Themostnoticeablefeatureof thisazimuthalprojectionis thefactthatdistancesmeasuredfrom thecenter
aretrue.Therefore,acircleabouttheprojectioncenterdefinesthelocusof pointsthatareequallyfaraway
from the plot origin. Furthermore,directionsfrom the centerarealso true. The projection,in the polar
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Figure5.15:HemispheremapusingtheOrthographicprojection.

aspect,is at leastseveralcenturiesold. It is a usefulprojectionfor a globalview of locationsat variousor
identicaldistancefrom agivenpoint (themapcenter).

To specifytheazimuthalequidistantprojectionyou mustsupply:� Longitudeandlatitudeof theprojectioncenter.� Scaleas1:xxxxx or asradius/latitudewhereradiusis distanceon mapin inchesfrom projectioncenter
to a particular[possiblyoblique]latitude(–Je), or mapwidth (–JE).

Our exampleof a global view centeredon 100� W/40� N canthereforebe generatedby the following
pscoast command.Notethat theantipodalpoint is 180� away from thecenter, but in this projectionthis
pointplotsastheentiremapperimeter:

#!/bin/sh
# $Id: GMT_az_equidistant.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R0/360/-90/90 -JE-100/40/4.5i -B15g15 -Dc -A10000 -G200 -W0.25p -P > GMT_az_equidistant.ps

5.3.5 Gnomonic Projection (–Jf –JF)

The Gnomonicazimuthalprojectionis a perspective projectionfrom the centeronto a planetangentto
thesurface. Its origin goesbackto theold Greekswho usedit for starmapsalmost2500yearsago. The
projectionis neitherequal-areanor conformal,andmuch distortion is introductednearthe edgeof the
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Figure5.16:World mapusingtheequidistantazimuthalprojection.

hemisphere;in fact, lessthana hemispheremaybeshown arounda givencenter. Thedirectionsfrom the
centerof projectionaretrue.Greatcirclesprojectontostraightlines.Becauseit is mainlyusedfor pictoral
viewsat a smallscale,only thesphericalform is necessary.

To specifytheGnomonicprojectionyou mustsupply:� Longitudeandlatitudeof theprojectioncenter.� Thehorizon,i.e., thenumberof degreesfrom thecenterto theedge.This mustbe � 90� .� Scaleas1:xxxxx or asradius/latitudewhereradiusis distanceon mapin inchesfrom projectioncenter
to a particular[possiblyoblique]latitude(–Jf), or mapwidth (–JF).

Using a horizon of 60� , our exampleof this projectioncenteredon 120� W/35� N can thereforebe
generatedby thefollowing pscoast command:

#!/bin/sh
# $Id: GMT_gnomonic.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R0/360/-90/90 -JF-120/35/60/4.5i -Bg15 -Dc -A10000 -G200 -W0.25p -P > GMT_gnomonic.ps
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Figure5.17:Gnomonicazimuthalprojection.
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5.4 Cylindrical Projections

5.4.1 Mercator Projection (–Jm –JM)

Probablythe most famousof the variousmapprojections,the Mercatorprojectiontakes its namefrom
Mercatorwho presentedit in 1569. It is a cylindrical, conformalprojectionwith no distortionalongthe
equator. A majornavigationalfeatureof theprojectionis thata line of constantazimuthis straight.Sucha
line is calleda rhumbline or loxodrome. Thus,to sail from onepoint to anotheroneonly hadto connect
thepointswith astraightline, determinetheazimuthof theline, andkeepthisconstantcoursefor theentire
voyage1. TheMercatorprojectionhasbeenusedextensively for world mapsin whichthedistortiontowards
thepolarregionsgrowsratherlarge,thusincorrectlygiving theimpressionthat,for example,Greenlandis
largerthanSouthAmerica.In reality, thelatteris abouteighttimesthesizeof Greenland.Also, theFormer
Soviet Union looksmuchbiggerthanAfrica or SouthAmerica.Onemaywonderwhetherthis illusion has
hadany influenceon U.S.foreignpolicy.

In theregularMercatorprojection,thecylinder touchestheglobealongtheequator. Otherorientations
like vertical andobliquegive rise to the TransverseandObliqueMercatorprojections,respectively. We
will discussthesegeneralizationsfollowing theregularMercatorprojection.

The regularMercatorprojectionrequiresa minimumof parameters.To useit in programsyou
supplythis information(thefirst two itemsareoptionalandhavedefaults):� Centralmeridian[Middle of yourmap]� Standardparallelfor truescale[Equator]� Scalealongtheequatorin inch/degreeor 1:xxxxx (–Jm), or mapwidth (–JM)

Our examplepresentsa world mapat a scaleof 0.012inch pr degreewhich will give a map4.32inch
wide. It wascreatedwith thecommand:

#!/bin/sh
# $Id: GMT_mercator.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

gmtset DEGREE_FORMAT1 BASEMAP_TYPEFANCY
pscoast -R0/360/-70/70 -Jm1.2e-2i -Ba60f30/a30f15 -Dc -A5000 -G0 -P > GMT_mercator.ps
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Figure5.18:SimpleMercatormap

1This is, however, not theshortestdistance.It is givenby thegreatcircleconnectingthetwo points.
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While this exampleis centeredon the Dateline,onecaneasilychooseanotherconfigurationwith the
–R option.A mapcenteredon Greenwichwouldspecifytheregionwith -R-180/180/-70/70.

5.4.2 TransverseMercator (–Jt –JT)

ThetransverseMercatorwasinventedby Lambertin 1772.In thisprojectionthecylinder touchesamerid-
ianalongwhich thereis nodistortion.Thedistortionincreasesaway from thecentralmeridianandgoesto
infinity at 90� from center. Thecentralmeridian,eachmeridian90� away from thecenter, andequatorare
straightlines;otherparallelsandmeridiansarecomplex curves.Theprojectionis definedby specifying:� Thecentralmeridian� Thelatitudeof origin� Scalealongtheequatorin inch/degreeor 1:xxxxx (–Jt), or mapwidth (–JT)

The optional latitudeof origin defaultsto Equatorif not specified. Our exampleshows a transverse
Mercatormapof south-eastEuropeandtheMiddle Eastwith 35� E asthecentralmeridian:

#!/bin/sh
# $Id: GMT_transverse_merc.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R20/30/50/45r -Jt35/0.18i -B10g5 -Dl -A250 -G200 -W0.25p -P > GMT_transverse_merc.ps
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Figure5.19:RectangularTransverseMercatormap

ThetransverseMercatorcanalsobeusedto generateaglobalmap—theequivalentof the360� Mercator
map.Usingthecommand

#!/bin/sh
# $Id: GMT_TM.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R0/360/-80/80 -JT330/-45/3.5i -B30g15/15g15WSne -Dc -A2000 -G0 -P > GMT_TM.ps
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we madethe map illustratedin Figure 5.20. Note that when a world map is given (indicatedby –
R0/360/s/n), the argumentsareinterpretedto meanobliquedegrees,i.e., the360� rangeis understoodto
meantheextentof theplot alongthecentralmeridian,while the“south” and“north” valuesrepresenthow
farfrom thecentrallongitudewewanttheplot to extend.Thesevaluescorrespondto latitudesin theregular
Mercatorprojectionandmustthereforebelessthan90 degrees.

90˚
120˚150˚180˚

-150˚

0˚

0˚

Figure5.20:A globalTransverseMercatormap

5.4.3 UniversalTransverseMercator UTM (–Ju –JU)

A particularsubsetof the transverseMercatoris the UniversalTransverseMercator(UTM) which was
adoptedby theUS Army for large-scalemilitary maps.Here,theglobeis divided into 60 zonesbetween
84� S and84� N, mostof which are6� wide. Eachof theseUTM zoneshave their uniquecentralmeridian.

implementsboththetransverseMercatorandtheUTM projection.WhenselectingUTM you must
specify:� UTM zone(1–60).Usenegativevaluefor zonesin thesouthernhemisphere� Scalealongtheequatorin inch/degreeor 1:xxxxx (–Ju), or mapwidth (–JU)

In orderto minimize the distortionin any givenzone,a scalefactorof 0.9996hasbeenfactoredinto
theformulae.Thescaleonly variesby 1 partin 1,000from truescaleatequator. Theellipsoidalprojection
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expressionsareaccuratefor mapareasthatextendlessthan10� away from thecentralmeridian.For larger
regionsweusetheconformallatitudein thegeneralsphericalformulaeinstead.

5.4.4 Oblique Mercator (–Jo –JO)

Obliqueconfigurationsof thecylindergiveriseto theobliqueMercatorprojection.It is particularlyuseful
whenmappingregionsof large lateralextent in an obliquedirection. Both parallelsandmeridiansare
complex curves.Theprojectionwasdevelopedin theearly1900sby severalworkers.Severalparameters
mustbeprovidedto definetheprojection. offersthreedifferentdefinitions:

1. Option–Joaor –JOa:� Longitudeandlatitudeof projectioncenter� Azimuthof theobliqueequator� Scalein inch/degreeor 1:xxxxx alongobliqueequator(–Joa), or mapwidth (–JOa)

2. Option–Job or –JOb:� Longitudeandlatitudeof projectioncenter� Longitudeandlatitudeof secondpoint on obliqueequator� Scalein inch/degreeor 1:xxxxx alongobliqueequator(–Job), or mapwidth (–JOb)

3. Option–Jocor –JOc:� Longitudeandlatitudeof projectioncenter� Longitudeandlatitudeof projectionpole� scalein inch/degreeor 1:xxxxx alongobliqueequator(–Joc), or mapwidth (–JOc)

Ourexamplewasproducedby thecommand

#!/bin/sh
# $Id: GMT_oblique_merc.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R270/20/305/25r -JOc280/25.5/22/69/4.8i -B10g5 -Dl -A250 -G200 -W0.25p -P \
> GMT_oblique_merc.ps
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Figure5.21:ObliqueMercatormapusing–Joc

It usesdefinition3 for anobliqueview of someCaribbeanislands.Notethatwedefineourregionusing
therectangularsystemdescribedearlier. If we do not appendan“r” to the–R stringthentheinformation
providedwith the–R option is assumedto beobliquedegreesabouttheprojectioncenterratherthanthe
usualgeographiccoordinates.This interpretationis chosensincein generaltheparallelsandmeridiansare
not verysuitableasmapboundaries.

5.4.5 CassiniCylindrical Projection (–Jc–JC)

Thiscylindrical projectionwasdevelopedin 1745by C. F. Cassinifor thesurvey of France.It is occasion-
ally calledCassini-Soldnersincethelatterprovidedthemoreaccuratemathematicalanalysisthatledto the
developmentof theellipsoidalformulae.Theprojectionis neitherconformalnor equal-area,andbehaves
asa compromisebetweenthe two end-members.The distortionis zeroalongthe centralmeridian. It is
bestsuitedfor mappingregionsof north-southextent. Thecentralmeridian,eachmeridian90� away, and
equatorarestraightlines;all othermeridiansandparallelsarecomplex curves.Therequirementsto define
this projectionare:� Longitudeandlatitudeof centralpoint� Scalein inch/degreeor as1:xxxxx (–Jc), or mapwidth (–JC)

A detailedmapof theislandof Sardiniacenteredon the8� 45’E meridianusingtheCassiniprojection
canbeobtainedby runningthecommand:

#!/bin/sh
# $Id: GMT_cassini.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

gmtset LABEL_FONT_SIZE 12
pscoast -R7:30/38:30/10:30/41:30r -JC8.75/40/2.5i -B1g1f30m -Lf9.5/38.8/40/60 -Dh -G200 -W0.25p \

-Ia/0.5p -P > GMT_cassini.ps
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Figure5.22:CassinimapoverSardinia

As with thepreviousprojections,theusercanchoosebetweena rectangularboundary(usedhere)or a
geographical(WESN)boundary.

5.4.6 Cylindrical Equidistant Projection (–Jq –JQ)

This simple cylindrical projectionis really a linear scalingof longitudesand latitudes(if you desirea
differentscalingfor oneof theaxesyou mustchoosethe linearprojection–Jx andappendd for degrees;
seeSection5.1.4.) It is alsoknown asthePlateCarŕeeprojection.All meridiansandparallelsarestraight
lines.Therequirementsto definethis projectionare:� Thecentralmeridian� Scalein inch/degreeor as1:xxxxx (–Jq), or mapwidth (–JQ)

A world mapcenteredon thedatelineusingthisprojectioncanbeobtainedby runningthecommand:

#!/bin/sh
# $Id: GMT_equi_cyl.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R0/360/-90/90 -JQ180/4.5i -B60f30g30 -Dc -A5000 -G0 -P > GMT_equi_cyl.ps
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Figure5.23:World mapusingtheequidistantcylindrical projection

5.4.7 GeneralCylindrical Projections(–Jy –JY)

This cylindrical projectionis actually several projections,dependingon what latitude is selectedas the
standardparallel. However, they areall equalareaandhencenon-conformal.All meridiansandparallels
arestraightlines.Therequirementsto definethis projectionare:� Thecentralmeridian� Thestandardparallel� Scalein inch/degreeor as1:xxxxx (–Jy), or mapwidth (–JY)

While you may chooseany valuefor the standardparallelandobtainyour own personalprojection,
therearefour choicesof standardparallelsthatresultin known (or named)projections.Thesearelistedin
Table5.1.

Projectionname Standard parallel
Lambert 0�
Behrman 30�
Trystan-Edwards 37� 24’ (= 37.4� )
Peters(Gall) 45�

Table5.1: Standardparallelsfor somecylindrical projections

For instance,aworld mapcenteredonthe35� E meridianusingtheBehrmanprojectioncanbeobtained
by runningthecommand:

#!/bin/sh
# $Id: GMT_general_cyl.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R-145/215/-90/90 -JY35/30/4.5i -B45g45 -Dc -A10000 -S200 -W0.25p -P > GMT_general_cyl.ps
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Figure5.24:World mapusingtheBehrmancylindrical projection

As onecanseethereis considerabledistortionat high latitudessincethepolesmapinto lines.

5.4.8 Miller Cylindrical Projections(–Jj –JJ)

This cylindrical projection,presentedby O. M. Miller of the AmericanGeographicSocietyin 1942, is
neitherequalnor conformal. All meridiansandparallelsarestraightlines. Theprojectionwasdesigned
to be a compromisebetweenMercatorandothercylindrical projections.Specifically, Miller spacedthe
parallelsby usingMercatorsformulawith 0.8 timesthe actuallatitude,thusavoiding the singularpoles;
theresultwasthendividedby 0.8. Thereis only a sphericalform for this projection.Therequirementsto
definethisprojectionare:� Thecentralmeridian� Thestandardparallel� Scalein inch/degreeor as1:xxxxx (–Jj), or mapwidth (–JJ)

For instance,a world mapcenteredon the 90� E meridianat a mapscaleof 1: 400,000,000canbe
obtainedasfollows:

#!/bin/sh
# $Id: GMT_miller.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R-90/270/-80/90 -Jj90/1:400000000 -B45g45/30g30 -Dc -A10000 -G200 -W0.25p -P \
> GMT_miller.ps
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Figure5.25:World mapusingtheMiller cylindrical projection
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5.5 MiscellaneousProjections

supports8 commonprojectionsfor globalpresentationof dataor models.Thesearethe Hammer,
Mollweide,Winkel Tripel, Robinson,Eckert IV andVI, Sinusoidal,andVanderGrintenprojections.Due
to the small scaleusedfor global mapstheseprojectionsall usethe sphericalapproximationratherthan
moreelaborateelliptical formulae.

5.5.1 Hammer Projection (–Jh –JH)

The equal-areaHammerprojection, first presentedby Ernst von Hammerin 1892, is also known as
Hammer-Aitof f (theAitoff projectionlookssimilar, but is not equal-area).Theborderis anellipse,equa-
tor andcentralmeridianarestraightlines, while otherparallelsandmeridiansarecomplex curves. The
projectionis definedby selecting:� Thecentralmeridian� Scalealongequatorin inch/degreeor 1:xxxxx (–Jh), or mapwidth (–JH)

A view of thePacific oceanusingtheDatelineascentralmeridianis accomplishedthus

#!/bin/sh
# $Id: GMT_hammer.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R0/360/-90/90 -JH180/4.5i -Bg30/g15 -Dc -A10000 -G0 -P > GMT_hammer.ps

Figure5.26:World mapusingtheHammerprojection

5.5.2 Mollweide Projection (–Jw –JW)

This pseudo-cylindrical, equal-areaprojectionwas developedby Mollweide in 1805. Parallelsare un-
equallyspacedstraight lines with the meridiansbeing equallyspacedelliptical arcs. The scaleis only
truealonglatitudes40� 44’ northandsouth.Theprojectionis usedmainly for globalmapsshowing data
distributions. It is occasionallyreferencedunderthe namehomalographicprojection. Like the Hammer
projection,outlinedabove, we needto specifyonly two parametersto completelydefinethe mappingof
longitudesandlatitudesinto rectangularx/y coordinates:� Thecentralmeridian� Scalealongequatorin inch/degreeor 1:xxxxx (–Jw), or mapwidth (–JW)

An examplecenteredon Greenwichcanbegeneratedthus:
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#!/bin/sh
# $Id: GMT_mollweide.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R-180/180/-90/90 -JW0/4.5i -Bg30/g15 -Dc -A10000 -G0 -P > GMT_mollweide.ps

Figure5.27:World mapusingtheMollweideprojection

5.5.3 Winkel Tripel Projection (–Jr –JR)

The Winkel Tripel projection,presentedby Oswald Winkel in 1921, is a modifiedazimuthalprojection
that is neitherconformalnor equal-area.Centralmeridianandequatorarestraightlines; otherparallels
and meridiansare curved. The projection is obtainedby averagingthe coordinatesof the Equidistant
Cylindrical andAitoff (not Hammer-Aitof f) projections.The polesmapinto straightlines 0.4 timesthe
lengthof equator. To useit youmustenter� Thecentralmeridian� Scalealongequatorin inch/degreeor 1:xxxxx (–Jr), or mapwidth (–JR)

Centeredon Greenwich,theexamplein Figure5.28wascreatedby thiscommand:

#!/bin/sh
# $Id: GMT_winkel.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R-180/180/-90/90 -JR0/4.5i -Bg30/g15 -Dc -A10000 -G128 -P > GMT_winkel.ps
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Figure5.28:World mapusingtheWinkel Tripel projection

5.5.4 RobinsonProjection (–Jn –JN)

TheRobinsonprojection,presentedbyArthurH. Robinsonin 1963,isamodifiedcylindricalprojectionthat
is neitherconformalnor equal-area.Centralmeridianandall parallelsarestraightlines; othermeridians
arecurved.It useslookuptablesratherthananalyticexpressionsto maketheworld map“look” right2. The
scaleis truealonglatitudes� 38� . Theprojectionwasoriginally developedfor useby RandMcNally and
is currentlyusedby theNationalGeographicSociety. To useit youmustenter� Thecentralmeridian� Scalealongequatorin inch/degreeor 1:xxxxx (–Jn), or mapwidth (–JN)

Againcenteredon Greenwich,theexamplebelow wascreatedby this command:

#!/bin/sh
# $Id: GMT_robinson.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R-180/180/-90/90 -JN0/4.5i -Bg30/g15 -Dc -A10000 -G128 -P > GMT_robinson.ps

2Robinsonprovided a tableof y-coordinatesfor latitudesevery 5� . To projectvaluesfor intermediatelatitudesonemustinter-
polatethe table. Different interpolantsmay result in slightly differentmaps. GMT usesthe interpolantselectedby the parameter
INTERPOLANT in the.gmtdefaultsfile.
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Figure5.29:World mapusingtheRobinsonprojection

5.5.5 Eckert IV and VI Projection (–Jk –JK)

TheEckert IV andVI projections,presentedby Max Eckert in 1906,arepseudocylindrical equal-areapro-
jections.Centralmeridianandall parallelsarestraightlines;othermeridiansareequallyspacedelliptical
arcs(IV) or sinusoids(VI). Thescaleis truealonglatitudes� 40� 30’ (IV) and � 49� 16’ (VI). Their main
useis in thematicworld maps. To selectEckert IV you mustuse–JKf (f for “four”) while Eckert VI is
selectedwith –JKs (s for “six”). If nomodifieris givenit defaultsto EckertVI. In addition,youmustenter� Thecentralmeridian� Scalealongequatorin inch/degreeor 1:xxxxx (–Jk), or mapwidth (–JK)

Centeredon theDateline,theEckert IV examplebelow wascreatedby thiscommand:

#!/bin/sh
# $Id: GMT_eckert4.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R0/360/-90/90 -JKf180/4.5i -Bg30/g15 -Dc -A10000 -W0.25p -G255 -S200 -P > GMT_eckert4.ps

Figure5.30:World mapusingtheEckert IV projection

Thesamescript,with s insteadof f, yieldstheEckertVI map:
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Figure5.31:World mapusingtheEckertVI projection

5.5.6 SinusoidalProjection (–Ji –JI)

Thesinusoidalprojectionis oneof theoldestknown projections,is equal-area,andhasbeenusedsincethe
mid-16thcentury. It hasalsobeencalledthe“Equal-areaMercator”projection.Thecentralmeridianis a
straightline; all othermeridiansaresinusoidalcurves.Parallelsareall equallyspacedstraightlines,with
scalebeingtruealongall parallels(andcentralmeridian).To useit, you needto select:� Thecentralmeridian� Scalealongequatorin inch/degreeor 1:xxxxx (–Ji), or mapwidth (–JI)

A simpleworld mapusingthesinusoidalprojectionis thereforeobtainedby

#!/bin/sh
# $Id: GMT_sinusoidal.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#
pscoast -R-180/180/-90/90 -JI0/4.5i -Bg30/g15 -Dc -A10000 -G128 -P > GMT_sinusoidal.ps

Figure5.32:World mapusingtheSinusoidalprojection

To reducedistortionof shapetheinterruptedsinusoidalprojectionwasintroducedin 1927.Here,three
symmetricalsegmentsareusedto cover the entireworld. Traditionally, the interruptionsareat 160� W,
20� W, and60� E. To make theinterruptedmapwe mustcall pscoast for eachsegmentandsuperposethe
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results.To produceaninterruptedworld map(with thetraditionalboundariesjust mentioned)that is 5.04
incheswideweusethescale5.04/360� = 0.014andoffsetthesubsequentplotshorizontallyby theirwidths
(140��� 0.014and80��� 0.014):

#!/bin/sh
# $Id: GMT_sinusoidal_int.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R200/340/-90/90 -Ji270/0.014i -Bg30/g15 -A10000 -Dc -G0 -P -K -P > GMT_sinusoidal_int.ps
pscoast -R-20/60/-90/90 -Ji20/0.014i -Bg30/g15 -Dc -A10000 -G0 -X1.96i -O -K >> GMT_sinusoidal_int.ps
pscoast -R60/200/-90/90 -Ji130/0.014i -Bg30/g15 -Dc -A10000 -G0 -X1.12i -O >> GMT_sinusoidal_int.ps

Figure5.33:World mapusingtheInterruptedSinusoidalprojection

Theusefulnessof theinterruptedsinusoidalprojectionis basicallylimited to displayof global,discon-
tinuousdatadistributionslikehydrocarbonandmineralresources,etc.

5.5.7 Van der Grinten Projection (–Jv –JV)

TheVanderGrintenprojection,presentedby AlphonsJ.vanderGrintenin 1904,is neitherequal-areanor
conformal.CentralmeridianandEquatorarestraightlines;othermeridiansarearcsof circles. Thescale
is truealongtheEquatoronly. Its mainuseis to show theentireworld enclosedin a circle. To useit you
mustenter� Thecentralmeridian� Scalealongequatorin inch/degreeor 1:xxxxx (–Jv), or mapwidth (–JV)

Centeredon theDateline,theexamplebelow wascreatedby thiscommand:

#!/bin/sh
# $Id: GMT_grinten.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R0/360/-90/90 -JV180/4i -Bg30/g15 -Dc -G200 -A10000 -W0.25p -P > GMT_grinten.ps
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Figure5.34:World mapusingtheVanderGrintenprojection
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6. Cook-book

In this sectionwe will begiving severalexamplesof typical usageof programs.In general,we will
startwith a raw dataset,manipulatethe numbersin variousways,thendisplaythe resultsin diagramor
mapview. The resultingplots will have in commonthat they areall madeup of simplerplots that have
beenoverlaidto createa complex illustration.We will mostlyfollow thefollowing format:

1. We explainwhatwe wantto achieve in plain language.

2. We presenta cshellscriptthatcontainsall commandsusedto generatetheillustration.

3. We explain therationalebehindthecommands.

4. We presenttheillustration,50%reducedin size,andwithout thetimestamp(–U).

A detaileddiscussionof eachcommandis not given; we referyou to themanualpagesfor command
line syntax,etc. We encourageyou to run thesescriptsfor yourself.SeeAppendixD if you would like an
electronicversionof all theshell-scripts(bothcsh andbash scriptsareavailable;only thecsh-scriptsare
discussedhere)andsupportdatausedbelow. Note thatall examplesexplicitly specifiesthemeasurement
units,soalthoughwe useinchesyou shouldbeableto run thesescriptsandgetthesameplotsevenif you
have cm asthe default measureunit. The examplesareall written to be “quiet”, that is no information
is echoedto the screen.Thus,thesescriptsarewell suitedfor backgroundexecution. Note that we also
endeachscriptby cleaningup afterourselves.Becauseawk is brokenasdesignedon somesystems,and
nawk is not availableon otherswe refer to $AWK in thescriptsbelow; thedo examplesscriptswill set
this whenrunningall examples.

6.1 The making of contour maps

We wantto createtwo contourmapsof thelow ordergeoidusingtheHammerequalareaprojection.Our
griddeddatafile is calledosu91a1f16.grdandcontainsa global1� by 1� griddedgeoid(we will seehow
to make griddedfiles later). We would like to show onemapcenteredon Greenwichandonecenteredon
thedateline.Positive contoursshouldbedrawn with a solid penandnegativecontourswith a dashedpen.
Annotationsshouldoccurfor every50m contourlevel, andbothcontourmapsshouldshow thecontinents
in light gray in thebackground.Finally, we wanta rectangularframesurroundingthe two maps.This is
how it is done:

gmtset GRID_CROSS_SIZE 0 ANOT_FONT_SIZE 10
psbasemap -R0/6.5/0/9 -Jx1i -B0 -P -K -U"Example 1 in Cookbook" >! example_01.ps
pscoast -R-180/180/-90/90 -JH0/6i -X0.25i -Y0.5i -O -K -Bg30 -Dc -G200 >> example_01.ps
grdcontour -R osu91a1f_16.grd -JH -C10 -A50f7 -G4i -L-1000/-1 -Wc0.25pta -Wa0.75pt2_2:0 -O -K \

-T0.1i/0.02i >> example_01.ps
grdcontour -R osu91a1f_16.grd -JH -C10 -A50f7 -G4i -L-1/1000 -O -K -T0.1i/0.02i >> example_01.ps
pscoast -R0/360/-90/90 -JH180/6i -Y4i -O -K -Bg30:."Low Order Geoid": -Dc -G200 >> example_01.ps
grdcontour osu91a1f_16.grd -JH -C10 -A50f7 -G4i -L-1000/-1 -Wc0.25pta -Wa0.75pt2_2:0 -O -K \

-T0.1i/0.02i:-+ >> example_01.ps
grdcontour osu91a1f_16.grd -JH -C10 -A50f7 -G4i -L-1/1000 -O -T0.1i/0.02i:-+ >> example_01.ps
\rm -f .gmtcommands

Thefirst commanddrawsaboxsurroundingthemaps.This is followedby two sequencesof pscoast ,
grdcontour , grdcontour . They differ in that the first is centeredon Greenwich;the secondon the
dateline. We usethe limit option (–L) in grdcontour to selectnegative contoursonly andplot those
with a dashedpen,thenpositive contoursonly anddraw with a solid pen[Default]. The–T optioncauses
tickmarkspointingin thedownhill directionto bedrawn on theinnermost,closedcontours.For theupper
panelwealsoadded- and+ to thelocal lowsandhighs.Youcanfind this illustrationasFigure6.1.
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Figure6.1: Contourmapsof griddeddata

6.2 Image presentations

As our secondexamplewe will demonstratehow to make color imagesfrom griddeddatasets(again,we
will deferrthe actualmakingof griddedfiles to later examples).We will usethe supplementalprogram
grdraster to extract2-D grdfilesof bathymetryandGeosatgeoidheightsandput thetwo imageson the
samepage.Theregion of interestis theHawaiianislands,anddueto theobliquetrendof theislandchain
we preferto rotateour geographicaldatasetsusinganobliqueMercatorprojectiondefinedby thehotspot
poleat (68� W, 69� N). We choosethepoint (190� , 25.5� ) to bethecenterof our projection(e.g.,the local
origin), andwewantto imagea rectangularregiondefinedby thelongitudesandlatitudesof thelower left
andupperright cornerof region. In ourcasewechoose(160� , 20� ) and(220� , 30� ) asthecorners.Weuse
grdima ge to make theillustration:

gmtset HEADER_FONT_SIZE30 OBLIQUE_ANOTATION0 DEGREE_FORMAT0
makecpt -Crainbow -T-2/14/2 >! g.cpt
grdimage HI_geoid2.grd -R160/20/220/30r -JOc190/25.5/292/69/4.5i -E50 -K -P -B10 -Cg.cpt \

-U/-1.25i/-1i/"Example 2 in Cookbook" -X1.5i -Y1.25i >! example_02.ps
psscale -Cg.cpt -D5.1i/1.35i/2.88i/0.4i -O -K -L -B2:GEOID:/:m: -E >> example_02.ps
grd2cpt HI_topo2.grd -Crelief -Z >! t.cpt
grdgradient HI_topo2.grd -A0 -Nt -GHI_topo2_int.grd
grdimage HI_topo2.grd -IHI_topo2_int.grd -R -JO -E50 -B10:."H@#awaiian@# T@#opo and @#G@#eoid:" -O -K \

-Ct.cpt -Y4.5i >> example_02.ps
psscale -Ct.cpt -D5.1i/1.35i/2.88i/0.4i -O -K -I0.3 -B2:TOPO:/:km: >> example_02.ps
cat << EOF | pstext -R0/8.5/0/11 -Jx1i -O -N -Y-4.5i >> example_02.ps
-0.4 7.5 30 0.0 1 2 a)
-0.4 3.0 30 0.0 1 2 b)
EOF
\rm -f .gmtcommands HI_topo2_int.grd ?.cpt
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Thefirst stepextractsthe2-D datasetsfrom the local databaseusinggrdraster , which is a supple-
mentalutility program(seeAppendixA) thatmaybeadaptedto reflectthenatureof yourdatabaseformat.
It automaticallyfiguresout therequiredextentof theregiongiventhetwo cornerspointsandtheprojection.
Theextrememeridiansandparallelsenclosingtheobliqueregion is –R159:50/220:10/3:10/47:35. This is
theareaextractedby grdraster . For your conveniencewe have commentedout thoselinesandprovided
thetwo extractedfiles soyou do not needgrdraster to try this example.By usingtheembeddedgrdfile
formatmechanismwe savedthe topographyusingkilometersasthedataunit. We now have two grdfiles
with bathymetryandgeoidheights,respectively. We usemakecpt to generatea linearcolor palettefile
geoid.cptfor thegeoidandusegrd2cpt to geta histogram-equalizedcpt file topo.cptfor thetopography
data.To emphasizethestructuresin thedatawecalculatetheslopesin thenorth-southdirectionusinggrd-
gradient ; thesewill beusedto modulatethecolor image.Next we run grdima ge to createa color-code
imageof theGeosatgeoidheights,anddraw acolorscaleto theright of theimagewith psscale . Wealso
annotatethecolor scaleswith psscale . Similarly, we run grdima ge but specify–Y4.5 to plot above the
previousimage.Addingscaleandlabelthetwo plotsa)andb) completestheillustration(Figure6.2).
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Figure6.2: Color imagesfrom griddeddata

6.3 Spectral estimationand xy-plots

In this examplewe will show how to use the programsfitcir cle, project , sample1d , spec-
trum1d , psxy , andpste xt . Supposeyou have (lon, lat, gravity) alonga satellitetrack in a file called
sat.xyg, and(lon, lat, gravity) alongashiptrackin afile calledship.xyg. Youwantto makeacross-spectral
analysisof thesedata.First, you will have to get the two datasetsinto equidistantlysampledtime-series
form. To do this, it will be convenientto project thesealongthe greatcircle that bestfits the sat track.
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We mustusefitcir cle to find this greatcircle andchoosethe L2 estimatesof bestpole. We project the
datausingproject to find out whattheir rangesarein theprojectedcoordinate.Theminmax utility will
reporttheminimumandmaximumvaluesfor multi-columnASCII tables.Usethis informationto select
the rangeof theprojecteddistancecoordinatethey have in common.Thescript promptsyou for that in-
formationafterreportingthevalues.We decideto make a file of equidistantsamplingpointsspaced1 km
apartfrom -1167to +1169,andusetheUNIX utility $AWK to accomplishthisstep.Wecanthenresample
the projecteddata,andcarry out the cross-spectralcalculations,assumingthat the ship is the input and
thesatelliteis theoutputdata.Thereareseveralintermediatestepsthatproducehelpful plotsshowing the
effect of the variousprocessingsteps(example3[a–f].ps), while the final plot example03.psshows the
shipandsatpower in onediagramandthecoherency onanotherdiagram,bothon thesamepage.Notethe
extendeduseof pste xt andpsxy to put labelsandlegendsdirectlyontheplots.For thatpurposeweoften
use–Jx1i andspecifypositionsin inchesdirectly. Thus,thecompleteautomatedscriptreads:

fitcircle sat.xyg -L2 >! report
set cpos = ‘grep "L2 Average Position" report‘
set ppos = ‘grep "L2 N Hemisphere" report‘
project sat.xyg -C$cpos[1]/$cpos[2] -T$ppos[1]/$ppos[2] -S -Fpz -Q >! sat.pg
project ship.xyg -C$cpos[1]/$cpos[2] -T$ppos[1]/$ppos[2] -S -Fpz -Q >! ship.pg
set plotr = ‘cat sat.pg ship.pg | minmax -I100/25 -C‘
gmtset MEASURE_UNITINCH
psxy -R$plotr[1]/$plotr[2]/$plotr[3]/$plotr[4] -U/-1.75i/-1.25i/"Example 3a in Cookbook" \

-JX8i/5i -X2i -Y1.5i -K -W1p sat.pg \
-Ba500f100:"Distance along great circle":/a100f25:"Gravity anomaly (mGal)":WeSn >! example_03a.ps

psxy -R -JX -O -Sp0.03i ship.pg >> example_03a.ps
$AWK ’{ if (NR > 1) print $1 - last1; last1 = $1; }’ ship.pg | pshistogram -W0.1 -G0 -JX3i -K \

-X2i -Y1.5i -B:."Ship": -U/-1.75i/-1.25i/"Example 3b in Cookbook" >! example_03b.ps
$AWK ’{ if (NR > 1) print $1 - last1; last1 = $1; }’ sat.pg | pshistogram -W0.1 -G0 -JX3i -O \

-X5i -B:."Sat": >> example_03b.ps
head -1 ship.pg >! ship.pg.extr
head -1 sat.pg >! sat.pg.extr
paste ship.pg.extr sat.pg.extr | $AWK ’{ if ($1 > $3) print int($1); else print int($3); }’ \

>! sampr1
tail -1 ship.pg >! ship.pg.extr
tail -1 sat.pg >! sat.pg.extr
paste ship.pg.extr sat.pg.extr | $AWK ’{ if ($1 < $3) print int($1); else print int($3); }’ \

>! sampr2
set sampr = ‘paste sampr1 sampr2‘
$AWK ’BEGIN { for (i = ’$sampr[1]’; i <= ’$sampr[2]’; i++) print i }’ /dev/null >! samp.x
sample1d sat.pg -Nsamp.x >! samp_sat.pg
filter1d ship.pg -Fm1 -T$sampr[1]/$sampr[2]/1 -E | sample1d -Nsamp.x >! samp_ship.pg
psxy -R$plotr[1]/$plotr[2]/$plotr[3]/$plotr[4] -JX8i/5i -X2i -Y1.5i -K -W1p samp_sat.pg \

-Ba500f100:"Distance along great circle":/a100f25:"Gravity anomaly (mGal)":WeSn \
-U/-1.75i/-1.25i/"Example 3c in Cookbook" >! example_03c.ps

psxy -R -JX -O -Sp0.03i samp_ship.pg >> example_03c.ps
paste samp_ship.pg samp_sat.pg | cut -f2,4 | spectrum1d -S256 -D1 -W -C >& /dev/null
psxy spectrum.coh -Ba1f3p:"Wavelength (km)":/a0.25f0.05:"Coherency@+2@+":WeSn -JX-4il/3.75i \

-R1/1000/0/1 -U/-2.25i/-1.25i/"Example 3d in Cookbook" -P -K -X2.5i -Sc0.07i -G0 \
-Ey/2 -Y1.5i >! example_03.ps

echo "3.85 3.6 18 0.0 1 11 Coherency@+2@+" | pstext -R0/4/0/3.75 -Jx1i -O -K >> example_03.ps
cat << END >! box.d
2.375 3.75
2.375 3.25
4 3.25
END
psxy -R -Jx -O -K -W1.5p box.d >> example_03.ps
psxy -Ba1f3p/a1f3p:"Power (mGal@+2@+km)"::."Ship and Satellite Gravity":WeSn spectrum.xpower \

-St0.07i -O -R1/1000/0.1/10000 -JX-4il/3.75il -Y4.2i -K -Ey/2 >> example_03.ps
psxy spectrum.ypower -R -JX -O -K -G0 -Sc0.07i -Ey/2 >> example_03.ps
echo "3.9 3.6 18 0.0 1 11 Input Power" | pstext -R0/4/0/3.75 -Jx -O -K >> example_03.ps
psxy -R -Jx -O -K -W1.5p box.d >> example_03.ps
psxy -R -Jx -O -K -G240 -L -W1.5p << END >> example_03.ps
0.25 0.25
1.4 0.25
1.4 0.9
0.25 0.9
END
echo "0.4 0.7" | psxy -R -Jx -O -K -St0.07i -G0 >> example_03.ps
echo "0.5 0.7 14 0.0 1 5 Ship" | pstext -R -Jx -O -K >> example_03.ps
echo "0.4 0.4" | psxy -R -Jx -O -K -Sc0.07i -G0 >> example_03.ps
echo "0.5 0.4 14 0.0 1 5 Satellite" | pstext -R -Jx -O >> example_03.ps
trend1d -Fxw -N2r samp_ship.pg >! samp_ship.xw
psxy -R$plotr[1]/$plotr[2]/$plotr[3]/$plotr[4] -JX8i/4i -X2i -Y1.5i -K -Sp0.03i \

-Ba500f100:"Distance along great circle":/a100f25:"Gravity anomaly (mGal)":WeSn \
-U/-1.75i/-1.25i/"Example 3e in Cookbook" samp_ship.pg >! example_03d.ps
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psxy -R$plotr[1]/$plotr[2]/0/1.1 -JX8i/1.1i -O -Y4.25i -Bf100/a0.5f0.1:"Weight":Wesn -Sp0.03i \
samp_ship.xw >> example_03d.ps

trend1d -Fxrw -N2r samp_ship.pg | $AWK ’{ if ($3 > 0.6) print $1, $2 }’ | sample1d -Nsamp.x >! \
samp2_ship.pg

trend1d -Fxrw -N2r samp_sat.pg | $AWK ’{ if ($3 > 0.6) print $1, $2 }’ | sample1d -Nsamp.x >! \
samp2_sat.pg

set plotr = ‘cat samp2_sat.pg samp2_ship.pg | minmax -I100/25 -C‘
psxy -R$plotr[1]/$plotr[2]/$plotr[3]/$plotr[4] -JX8i/5i -X2i -Y1.5i -K -W1p \

-Ba500f100:"Distance along great circle":/a50f25:"Gravity anomaly (mGal)":WeSn \
-U/-1.75i/-1.25i/"Example 3f in Cookbook" samp2_sat.pg >! example_03e.ps

psxy -R -JX -O -Sp0.03i samp2_ship.pg >> example_03e.ps
paste samp2_ship.pg samp2_sat.pg | cut -f2,4 | spectrum1d -S256 -D1 -W -C >& /dev/null
psxy spectrum.coh -Ba1f3p:"Wavelength (km)":/a0.25f0.05:"Coherency@+2@+":WeSn -JX-4il/3.75i \

-R1/1000/0/1 -U/-2.25i/-1.25i/"Example 3g in Cookbook" -P -K -X2.5i -Sc0.07i -G0 \
-Ey/2 -Y1.5i >! example_03f.ps

echo "3.85 3.6 18 0.0 1 11 Coherency@+2@+" | pstext -R0/4/0/3.75 -Jx -O -K >> example_03f.ps
cat << END >! box.d
2.375 3.75
2.375 3.25
4 3.25
END
psxy -R -Jx -O -K -W1.5p box.d >> example_03f.ps
psxy -Ba1f3p/a1f3p:"Power (mGal@+2@+km)"::."Ship and Satellite Gravity":WeSn spectrum.xpower \

-St0.07i -O -R1/1000/0.1/10000 -JX-4il/3.75il -Y4.2i -K -Ey/2 >> example_03f.ps
psxy spectrum.ypower -R -JX -O -K -G0 -Sc0.07i -Ey/2 >> example_03f.ps
echo "3.9 3.6 18 0.0 1 11 Input Power" | pstext -R0/4/0/3.75 -Jx -O -K >> example_03f.ps
psxy -R -Jx -O -K -W1.5p box.d >> example_03f.ps
psxy -R -Jx -O -K -G240 -L -W1.5p << END >> example_03f.ps
0.25 0.25
1.4 0.25
1.4 0.9
0.25 0.9
END
echo "0.4 0.7" | psxy -R -Jx -O -K -St0.07i -G0 >> example_03f.ps
echo "0.5 0.7 14 0.0 1 5 Ship" | pstext -R -Jx -O -K >> example_03f.ps
echo "0.4 0.4" | psxy -R -Jx -O -K -Sc0.07i -G0 >> example_03f.ps
echo "0.5 0.4 14 0.0 1 5 Satellite" | pstext -R -Jx -O >> example_03f.ps
\rm -f box.d report samp* *.pg *.extr spectrum.* .gmtcommands

Thefinal illustration(Figure6.3)showsthattheshipgravity anomalieshavemorepowerthanaltimetry
derivedgravity for shortwavelengthsandthatthecoherency betweenthetwo signalsimprovesdramatically
for wavelengths� 20 km.

6.4 A 3-D perspectivemeshplot

This examplewill illustratehow to make a fairly complicatedcompositefigure. We needa subsetof the
ETOPO5bathymetry1 andGeosatgeoiddatasetswhich we will extract from the local databasesusing
grdraster . We would like to show a 2-layerperspectiveplot wherelayeroneshowsa contourmapof the
marinegeoidwith the locationof the Hawaiian islandssuperposed,anda secondlayer showing the 3-D
meshplot of thetopography. We alsoaddanarrow pointingnorthandsometext. This is how to do it:

echo ’-10 255 0 255’ >! zero.cpt
echo ’0 100 10 100’ >> zero.cpt
grdcontour HI_geoid4.grd -Jm0.45i -E60/30 -R195/210/18/25 -C1 -A5 -G4i -K -P -X1.5i -Y1.5i \

-U/-1.25i/-1.25i/"Example 4 in Cookbook" >! example_04.ps
pscoast -Jm -E60/30 -R -B2/2NEsw -G0 -O -K >> example_04.ps
echo ’205 26 0 0 1.1’ | psxyz -Jm -E60/30 -R -SV0.2i/0.5i/0.4ii -W1p -O -K -N >> example_04.ps
echo ’205 29.2 36 -90 1 5 N’ | pstext -Jm -E60/30 -R -O -K -N >> example_04.ps
grdview HI_topo4.grd -Jm -Jz0.34i -Czero.cpt -E60/30 -R195/210/18/25/-6/4 -N-6/200/200/200 -Qsm -O -K \

-B2/2/2:"Topo (km)":neswZ -Y2.2i >> example_04.ps
echo ’3.25 5.75 60 0.0 33 2 H@#awaiian@# R@#idge’ | pstext -R0/10/0/10 -Jx1i -O >> example_04.ps
\rm -f zero.cpt
csh -f job4c.csh

Thepurposeof thecolorpalettefile zero.cptis to havethepositive topographymeshpaintedlight gray
(theremainderis white). Figure6.4shows thecompleteillustration.

A color versionof this figure wasusedin our first article in EOSTrans. AGU (Oct. 8th, 1991). It
wascreatedalongsimilar lines,but insteadof a meshplot we chosea color-codedsurfacewith artificial

1ThesedataareavailableonCD-ROM from NGDC (www.ngdc.noaa.gov).
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Figure6.3: Spectralestimationandx� y-plots

illumination from a light-sourceduenorth.We chooseto usethe–Qi optionin grdview to achieveahigh
degreeof smoothness.Here,weselect100dpi sincethatwill betheresolutionof ourfinal raster(TheEOS
rasterwas300dpi). We usedgrdgradient to provide the intensityfiles. Thefollowing scriptcreatesthe
colorPostScriptfile. Notethatthesizeof theresultingoutputfile is directlydependentonthesquareof the
dpi chosenfor thescanlineconversion.A highervaluefor dpi in –Qi wouldhaveresultedin amuchlarger
outputfile. Thecpt filesweretakenfrom Example2.

grdgradient HI_geoid4.grd -A0 -Gg_intens.grd -Nt0.75 -M
grdgradient HI_topo4.grd -A0 -Gt_intens.grd -Nt0.75 -M
grdview HI_geoid4.grd -Ig_intens.grd -JM6.75i -E60/30 -R195/210/18/25 -Cgeoid.cpt -Qi100 -K -X1.5i \

-Y1.25i -P -U/-1.25i/-1i/"Example 4c in Cookbook" >! example_4c.ps
pscoast -JM -E60/30 -R -B2/2NEsw -G0 -O -K >> example_4c.ps
echo ’205 26 0 0 1.1’ | psxyz -JM -E60/30 -R -SV0.2i/0.5i/0.4ii -W1p -G255/0/0 -O -K -N \

>> example_4c.ps
echo ’205 29.2 36 -90 1 5 N’ | pstext -JM -E60/30 -R -O -K -N >> example_4c.ps
grdview HI_topo4.grd -It_intens.grd -JM -JZ3.4i -Ctopo.cpt -E60/30 -R195/210/18/25/-6/4 \

-N-6/200/200/200 -Qi100 -O -K -Y2.2i >> example_4c.ps
psbasemap -JM -JZ3.4i -E60/30 -R -Z-6 -O -K -B2/2/2:"Topo (km)":neZ >> example_4c.ps
echo ’3.25 5.75 60 0.0 33 2 H@#awaiian@# R@#idge’ | pstext -R0/10/0/10 -Jx1i -O >> example_4c.ps
\rm -f *_intens.grd .gmtcommands

6.5 A 3-D illuminated surfacein black and white

Insteadof a meshplot we maychooseto show 3-D surfacesusingartificial illumination. For this example
wewill usegrdmath to makeagrdfilethatcontainsthesurfacegivenby thefunctionz x ! y"$# cos 2πr � 8"%�
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Figure6.4: 3-D perspectivemeshplot

e& r ' 10, wherer2 (*) x2 + y2 , . Theillumination is obtainedby passingtwo grdfilesto grdview: Onewith
the z-values(the surface)andanotherwith intensityvalues(which shouldbe in the - 1 range). We use
grdgradient to computethehorizontalgradientsin thedirectionof theartificial light source.Thegray.cpt
file only hasoneline thatstatesthatall z valuesshouldhave thegraylevel 128. Thus,variationsin shade
areentirelydueto variationsin gradients,or illuminations.Wechooseto illuminatefrom theSWandview
thesurfacefrom SE:

grdmath -R-15/15/-15/15 -I0.3 X Y HYPOT DUP 2 MUL PI MUL 8 DIV COS EXCH NEG 10 DIV EXP MUL \
= sombrero.grd

echo ’-5 128 5 128’ >! gray.cpt
grdgradient sombrero.grd -A225 -Gintensity.grd -Nt0.75
grdview sombrero.grd -JX6i -JZ2i -B5/5/0.5SEwnZ -N-1/255/255/255 -Qs -Iintensity.grd -X1.5i -K \

-Cgray.cpt -R-15/15/-15/15/-1/1 -E120/30 -U/-1.25i/-0.75i/"Example 5 in Cookbook" >! example_05.ps
echo "4.1 5.5 50 0 33 2 z(r) = cos (2@˜p@˜r/8) * e@+-r/10@+" | pstext -R0/11/0/8.5 -Jx1i -O \

>> example_05.ps
\rm -f gray.cpt sombrero.grd intensity.grd .gmtcommands

Thevariationsin intensitycouldbemademoredramaticby usinggrdmath to scalethe intensityfile
beforerunninggrdview. For very roughdatasetsonemay improve thesmoothnessof the intensitiesby
passingtheoutputof grdgradient to grdhisteq . Theshell-scriptabovewill resultin a plot like theone
in Figure6.5.

6.6 Plotting of histograms

provides two tools to renderhistograms:pshistogram and psr ose . The former takescareof
regular histogramswhereasthe latter dealswith polar histograms(rosediagrams,sectordiagrams,and
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Figure6.5: 3-D illuminatedsurface

windrosediagrams).Wewill show anexamplethatinvolvesbothprograms.Thefile fractures.yxcontainsa
compilationof fracturelengthsanddirectionsasdigitizedfrom geologicalmaps.Thefile v3206.tcontains
all the bathymetrymeasurementsfrom Vemacruise3206. Our completefigure (Figure 6.6) was made
runningthis script:

psrose fractures.d -A10r -S1.8in -U/-2.25i/-0.75i/"Example 6 in Cookbook" -P -G0 -R0/1/0/360 -X2.5i \
-K -B0.2g0.2/30g30 >! example_06.ps

pshistogram -Ba2000f1000:"Topography (m)":/a10f5:"Frequency"::,%::."Two types of histograms":WSne \
v3206.t -R-6000/0/0/30 -JX4.8i/2.4i -G200 -O -Y5.5i -X-0.5i -L0.5p -Z1 -W250 >> example_06.ps
\rm -f .gmtcommands

6.7 A simple location map

Many scientificpapersstartoutby showing alocationmapof theregionof interest.Thismapwill typically
alsocontaincertainfeaturesandlabels.Thisexamplewill presentalocationmapfor theequatorialAtlantic
ocean,wherefracturezonesandmid-oceanridgesegmentshave beenplotted. We alsowould like to plot
earthquake locationsandavailableisochrons.We have obtainedonefile, quakes.xym, which containsthe
positionandmagnitudeof availableearthquakesin the region. We chooseto usemagnitude/100for the
symbol-sizein inches.The digital fracturezonetraces(fz.xy) andisochrons(0 isochronasridge.xy, the
restasisochrons.xy) weredigitized from availablemaps2. We createthe final locationmap(Figure6.7)
with thefollowing script:

pscoast -R-50/0/-10/20 -JM9i -K -GP300/26 -Dl -W0.25p -B10 -U"Example 7 in Cookbook" >! example_07.ps
psxy -R -JM -O -K -M fz.xy -W0.5pta >> example_07.ps
$AWK ’{print $1-360.0, $2, $3*0.01}’ quakes.xym | psxy -R -JM -O -K -H1 -Sci -G255 -W0.25p \

>> example_07.ps
psxy -R -JM -O -K -M isochron.xy -W0.75p >> example_07.ps
psxy -R -JM -O -K -M ridge.xy -W1.75p >> example_07.ps
psxy -R -JM -O -K -G255 -W1p -A << END >> example_07.ps
-14.5 15.2
-2 15.2
-2 17.8
-14.5 17.8

2ThesedataareavailableonCD-ROM from NGDC (www.ngdc.noaa.gov).
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END
psxy -R -JM -O -K -G255 -W0.5p -A << END >> example_07.ps
-14.35 15.35
-2.15 15.35
-2.15 17.65
-14.35 17.65
END
echo "-13.5 16.5" | psxy -R -JM -O -K -Sc0.08i -G255 -W0.5p >> example_07.ps
echo "-12.5 16.5 18 0 6 5 ISC Earthquakes" | pstext -R -JM -O -K >> example_07.ps
pstext -R -JM -O -S0.75p -G255 << END >> example_07.ps
-43 -5 30 0 1 6 SOUTH
-43 -8 30 0 1 6 AMERICA
-7 11 30 0 1 6 AFRICA
END
\rm -f .gmtcommands

Thesamefigurecouldequallywell bemadein color, which couldberasterizedandmadeinto a slide
for ameetingpresentation.Thescriptis similar to theoneoutlinedabove,exceptwewouldchooseacolor
for landandoceans,andselectcoloredsymbolsandpensratherthanblackandwhite.

6.8 A 3-D histogram

Theprogrampsxyz allows usto plot three-dimensionalsymbols,includingcolumnarplots. As a simple
demonstration,wewill convertagriddednetCDFof bathymetryinto anASCII xyztableandusetheheight
information to draw a 2-D histogramin a 3-D perspective view. Our griddedbathymetryfile is called
topo.grdandcoverstheregion from 0 to 5 . E and0 to 5 . N. Depthrangesfrom -5000meterto sea-level.
We producetheillustrationby runningthis command:
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grd2xyz guinea_bay.grd >! $$
psxyz $$ -B1/1/1000:"Topography (m)"::.ETOPO5:WSneZ+ -R-0.1/5.1/-0.1/5.1/-5000/0 \

-P -JM5i -JZ6i -E200/30 -So0.0833333ub-5000 -U"Example 8 in Cookbook" -W0.25p -G240 -K >! \
example_08.ps

echo ’0.1 4.9 24 0 1 9 This is the surface of cube’ | pstext -R -JM -JZ -Z0 -E200/30 -O \
>> example_08.ps

\rm -f $$ .gmtcommands

Theoutputcanbeviewedin Figure6.8.

6.9 Plotting time-seriesalong tracks

A commonapplicationin many scientific disciplinesinvolvesplotting one or several time-seriesas as
“wiggles” alongtracks.Marinegeophysicistsoftendisplaymagneticanomaliesin this manner, andseis-
mologistsusethe techniquewhenplotting individual seismictraces.In our examplewe will show how a
setof Geosatseasurfaceslopeprofilesfrom thesouthPacificcanbeplottedas“wiggles” usingthepswig-
gle program.We will embellishtheplot with tracknumbers,the locationof thePacific-AntarcticRidge,
recognizedfracturezonesin thearea,anda “wiggle” scale.TheGeosattracksarestoredin thefiles *.xys,
the ridge in ridge.xy, andall the fracturezonesarestoredin the multiple segmentfile fz.xy. We extract
theprofile id (which is thefirst partof thefile namefor eachprofile)andthelastpoint in eachof thetrack
files to constructan input file for pste xt thatwill labeleachprofile with thetracknumber. We know the
profilestrendapproximatelyN40. E sowewantthelabelsto havethatsameorientation(i.e., theanglewith
thebaselinemustbe50. ). We do this by extractingthelastrecordfrom eachtrack,pastethis file with the
tracks.lisfile, anduse$AWK to createtheformatneededfor pste xt . Noteweoffsetthepositionsby -0.05
inch with –D in orderto haveasmallgapbetweentheprofileandthelabel:

pswiggle track_*.xys -R185/250/-68/-42 -U"Example 9 in Cookbook" -K -Jm0.13i -Ba10f5 -G0 -Z2000 \
-W0.25p -S240/-67/500/@˜m@˜rad >! example_09.ps

psxy -R -Jm -O -K ridge.xy -W1.25p >> example_09.ps
psxy -R -Jm -O -K -M fz.xy -W0.5pta >> example_09.ps
if (-e tmp) then

\rm -f tmp
endif
foreach file (track_*.xys) # Make label file

tail -1 $file >>! tmp
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Figure6.8: A 3-D histogram

end
ls track_*.xys | $AWK -F. ’{print $2}’ >! tracks.lis
paste tmp tracks.lis | $AWK ’{print $1, $2, 10, 50, 1, 7, $4}’ | pstext -R -Jm -D-0.05i/-0.05i -O \

>> example_09.ps
\rm -f tmp tracks.lis .gmtcommands

Theoutputshowsthesea-surfaceslopesalong42descendingGeosattracksin theEltaninandUdintsev
fracturezoneregion in a Mercatorprojection(Figure6.9).

6.10 A geographicalbar graph plot

Our next andperhapssilliest examplepresentsa three-dimensionalbargraphplot showing thegeographic
distributionof themembershipin theAmericanGeophysicalUnion(AGU).Theinputdatawastakenfrom
the1991AGUmemberdirectoryandaddedupto givetotalmemberspercontinent.Wedecideto plot a3-D
columncenteredoneachcontinentwith aheightthatis proportionalto thelogarithmof themembership.A
log10-scaleis usedsincethemembershipsvary by almost3 ordersof magnitude.We choosea plain linear
projectionfor thebasemapandaddthecolumnsandtext on top. Our scriptreads:

pscoast -R-180/180/-90/90 -JX8i/5id -Dc -G0 -E200/40 -K -U"Example 10 in Cookbook" >! example_10.ps
psxyz agu.d -R-180/180/-90/90/1/100000 -JX -JZ2.5il -So0.3ib1 -G140 -W0.5p -O -K -E200/40 \

-B60g60/30g30/a1p:Memberships:WSneZ >> example_10.ps
$AWK ’{print $1-10, $2, 20, 0, 0, 7, $3}’ agu.d | pstext -R-180/180/-90/90 -JX -O -K -E200/40 -G255 \

-S0.5p >> example_10.ps
echo "4.5 6 30 0 5 2 AGU 1991 Membership Distribution" | pstext -R0/11/0/8.5 -Jx1i -O \

>> example_10.ps
\rm -f .gmtcommands
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Figure6.9: Time-seriesas“wiggles” alonga track

with theresultpresentedin Figure6.10.

6.11 Making a 3-D RGB color cube

In this examplewegenerateaseriesof 6 color images,arrangedin theshapeof across,thatcanbecutout
andassembledinto a 3-D color cube. Thesix facesof thecuberepresentthe outsideof theR-G-B color
space.On eachfaceoneof thecolor componentsis fixedat either0 or 255andtheothertwo components
vary smoothlyacrossthefacefrom 0 to 255. Thecubeis configuredasa right-handedcoordinatesystem
with x-y-zmappingR-G-B. Hence,the8 cornersof thecuberepresenttheprimariesred,green,andblue,
plusthesecondariescyan,magentaandyellow, plusblackandwhite.

Themethodfor generatingthe6 color facesutilizes$AWK in two steps.First, a z-grid is composed
which is 256by 256with z-valuesincreasingin a planarfashionfrom 0 to 65535.This z-grid is common
to all six faces.Thecolor variationsaregeneratedby creatinga differentcolor palettefor eachfaceusing
thesupplied$AWK scriptrgb cube.awk. This scriptgeneratesa “cpt” file appropriatefor eachfaceusing
argumentsfor eachof the threecolor components.Theargumentsspecifyif thatcomponent(r / g / b) is to
beheldfixedat 0 or 255,is to vary in x, or is to vary in y. If thecolor is to increasein x or y, a lower case
x or y is specified;if thecolor is to decreasein x or y, anuppercaseX or Y is used.Hereis theshellscript
andaccompanying $AWK scriptto generatetheRGB cube:

grdmath -I1 -R0/255/0/255 Y 256 MUL X ADD = rgb_cube.grd
gmtset TICK_LENGTH 0 COLOR_MODELrgb
pstext -R0/8/0/11 -Jx1i < /dev/null -P -U"Example 11 in Cookbook" -K >! example_11.ps
$AWK -f rgb_cube.awk r=x g=y b=255 < /dev/null >! rgb_cube.cpt
grdimage rgb_cube.grd -Crgb_cube.cpt -JX2.5i/2.5i -R0/255/0/255 -K -O -X2i -Y4.5i -B256wesn \

>> example_11.ps
$AWK -f rgb_cube.awk r=255 g=y b=X < /dev/null >! rgb_cube.cpt
grdimage rgb_cube.grd -Crgb_cube.cpt -JX -K -O -X2.5i -B256wesn >> example_11.ps
$AWK -f rgb_cube.awk r=x g=255 b=Y < /dev/null >! rgb_cube.cpt
grdimage rgb_cube.grd -Crgb_cube.cpt -JX -K -O -X-2.5i -Y2.5i -B256wesn >> example_11.ps
psxy -W0.25pto -JX -R -K -O -X2.5i << END >> example_11.ps
0 0
20 20
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Figure6.10:Geographicalbargraph

20 235
0 255
END
psxy -W0.25pto -JX -R -K -O -X-2.5i -Y2.5i << END >> example_11.ps
0 0
20 20
235 20
255 0
END
psxy -W0.25pto -JX -R -K -O -X-2.5i -Y-2.5i << END >> example_11.ps
255 0
235 20
235 235
255 255
END
$AWK -f rgb_cube.awk r=0 g=y b=x < /dev/null >! rgb_cube.cpt
grdimage rgb_cube.grd -Crgb_cube.cpt -JX -K -O -Y-2.5i -B256wesn >> example_11.ps
$AWK -f rgb_cube.awk r=x g=0 b=y < /dev/null >! rgb_cube.cpt
grdimage rgb_cube.grd -Crgb_cube.cpt -JX -K -O -X2.5i -Y-2.5i -B256wesn >> example_11.ps
pstext -JX -R -G255 -K -O << END >> example_11.ps
10 10 14 0 -Times-BoldItalic 1 GMT 3
END
psxy -W0.25pto -JX -R -K -O -X2.5i << END >> example_11.ps
0 0
20 20
20 235
0 255
END
psxy -W0.25pto -JX -R -K -O -X-5i << END >> example_11.ps
255 0
235 20
235 235
255 255
END
$AWK -f rgb_cube.awk r=x g=Y b=0 < /dev/null >! rgb_cube.cpt
grdimage rgb_cube.grd -Crgb_cube.cpt -JX -K -O -X2.5i -Y-2.5i -B256wesn >> example_11.ps
psxy -W0.25pto -JX -R -K -O -X2.5i << END >> example_11.ps
0 0
20 20
20 235
0 255
END
psxy -W0.25pto -JX -R -O -X-5i << END >> example_11.ps
255 0
235 20
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235 235
255 255
END
\rm -f rgb_cube.cpt rgb_cube.grd .gmtcommands

The$AWK scriptrgb cube.awk is asfollows:

END{
z=-.5;
if(r=="X" || g=="X" || b=="X"){

xl=255; xr=0; xd=-255;
}else{

xl=0; xr=255; xd=255;
}
if(r=="Y" || g=="Y" || b=="Y"){

yb=255; yt=-1; yd=-1;
}else{

yb=0; yt=256; yd=1;
}
for(y=yb; y!=yt; y+=yd){

x=xl;
if(r=="x" || r=="X"){

if(g=="y" || g=="Y"){
printf("%7.1f %3d %3d %3d " ,z,x,y,b);
x+=xd; z+=256;
printf("%7.1f %3d %3d %3d\n",z,x,y,b);

}else{
printf("%7.1f %3d %3d %3d " ,z,x,g,y);
x+=xd; z+=256;
printf("%7.1f %3d %3d %3d\n",z,x,g,y);

}
}else if(g=="x" || g=="X"){

if(r=="y" || r=="Y"){
printf("%7.1f %3d %3d %3d " ,z,y,x,b);
x+=xd; z+=256;
printf("%7.1f %3d %3d %3d\n",z,y,x,b);

}else{
printf("%7.1f %3d %3d %3d " ,z,r,x,y);
x+=xd; z+=256;
printf("%7.1f %3d %3d %3d\n",z,r,x,y);

}
}else{

if(r=="y" || r=="Y"){
printf("%7.1f %3d %3d %3d " ,z,y,g,x);
x+=xd; z+=256;
printf("%7.1f %3d %3d %3d\n",z,y,g,x);

}else{
printf("%7.1f %3d %3d %3d " ,z,r,y,x);
x+=xd; z+=256;
printf("%7.1f %3d %3d %3d\n",z,r,y,x);

}
}

}
exit;

}

Thecubecanbeviewedin Figure6.11

6.12 Optimal triangulation of data

Ournext example(Figure6.12)operatesonadatasetof topographicreadingsnon-uniformlydistributedin
theplane(Table5.11in Davis: StatisticsandData Analysisin Geology, J.Wiley). We usetriangulate to
performtheoptimalDelaunaytriangulation,thenusetheoutputto draw theresultingnetwork. Welabelthe
nodenumbersaswell asthenodevalues,andcall pscontour to make a contourmapandimagedirectly
from theraw data.Thus,in thisexamplewe do not actuallymakegriddedfilesbut still areableto contour
andimagethe data. We usea color palettetabletopo.cpt(suppliedwith the script dataseparately).The
scriptbecomes:

triangulate table_5.11 -M >! net.xy
psxy -R0/6.5/-0.2/6.5 -JX3.06i/3.15i -B2f1WSNe -M net.xy -W0.5p -P -K -Y4.65i >! example_12.ps
psxy table_5.11 -R -JX -O -K -Sc0.12i -G255 -W0.25p >> example_12.ps
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Figure6.11:Thecolor cube

$AWK ’{print $1, $2, 6, 0, 0, 6, NR-1}’ table_5.11 | \
pstext -R -JX -O -K >> example_12.ps

psxy -R -JX -B2f1eSNw -M net.xy -W0.5p -O -K -X3.25i >> example_12.ps
psxy -R -JX -O -K table_5.11 -Sc0.03i -G0 >> example_12.ps
$AWK ’{printf "%g %s 6 0 0 5 %g\n", $1, $2, $3}’ table_5.11 | pstext -R -JX -O -K -W255o \

-C0.01i/0.01i -D0.08i/0i -N >> example_12.ps
set z = ‘minmax table_5.11 -C -I25‘
makecpt -Cjet -T$z[5]/$z[6]/25 >! topo.cpt
pscontour -R -JX table_5.11 -B2f1WSne -W0.75p -Ctopo.cpt -L0.25pta -G1i -X-3.25i -Y-3.65i -O -K \

-U"Example 12 in Cookbook" >> example_12.ps
pscontour -R -JX table_5.11 -B2f1eSnw -Ctopo.cpt -I -X3.25i -O -K >> example_12.ps
echo "3.16 8 30 0 1 2 Delaunay Triangulation" | pstext -R0/8/0/11 -Jx1i -O -X-3.25i >> example_12.ps
\rm net.xy topo.cpt .gmtcommands

6.13 Plotting of vector fields

In many areas,suchasfluid dynamicsandelasticity, it is desirableto plot vectorfields of variouskinds.
providesa way to illustrate2-componentvectorfields usingthe grdvector utility. The two com-

ponentsof the field (Cartesianor polar components)arestoredin separategrdfiles. In this examplewe
usegrdmath to generatea surfacez) x / y,0( x 1 exp )32 x2 2 y2 , and to calculate∇z by returningthe x-
andy-derivativesseparately. We superposethe gradientvectorfield and the surfacez andalsoplot the
componentsof thegradientin separatewindows:
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Figure6.12:Optimaltriangulationof data

grdmath -R-2/2/-2/2 -I0.1 X Y R2 NEG EXP X MUL = z.grd
grdmath z.grd DDX = dzdx.grd
grdmath z.grd DDY = dzdy.grd
grdcontour dzdx.grd -JX3i -B1/1WSne -C0.1 -A0.5 -K -P -G2i/10 -S4 -T0.1i/0.03i \

-U"Example 13 in Cookbook" >! example_13.ps
grdcontour dzdy.grd -JX -B1/1WSne -C0.05 -A0.2 -O -K -G2i/10 -S4 -T0.1i/0.03i -X3.45i >> example_13.ps
grdcontour z.grd -JX -B1/1WSne -C0.05 -A0.1 -O -K -G2i/10 -S4 -T0.1i/0.03i -X-3.45i -Y3.45i \

>> example_13.ps
grdcontour z.grd -JX -B1/1WSne -C0.05 -O -K -G2i/10 -S4 -X3.45i >> example_13.ps
grdvector dzdx.grd dzdy.grd -I0.2 -JX -O -K -Q0.03i/0.1i/0.09in0.25i -G0 -S5i >> example_13.ps
echo "3.2 3.6 40 0 6 2 z(x,y) = x * exp(-x@+2@+-y@+2@+)" | pstext -R0/6/0/4.5 -Jx1i -O -X-3.45i \

>> example_13.ps
\rm -f z.grd dzdx.grd dzdy.grd .gmtcommands

A pste xt call to placea headerfinishestheplot (Figure6.13.

6.14 Gridding of data and tr endsurfaces

Thisexampleshowshow onegoesfrom randomlyspaceddatapointsto anevenlysampledsurface.Firstwe
plot thedistributionandvaluesof our raw dataset(table5.11from example12). Wechooseanequidistant
grid andrun bloc kmean which preprocessesthe datato avoid aliasing. The dashedlines indicatethe
logical blocksusedby bloc kmean ; all points insidea given bin will be averaged.The logical blocks
aredrawn from a temporaryfile we make on the fly within the shell script. The processeddatais then
griddedwith the surface programandcontouredevery 25 units. A most importantpoint hereis that
bloc kmean , bloc kmedian , or bloc kmode shouldalwaysberunprior to runningsurface , andbothof
thesestepsmustusethesamegrid interval. We usegrdtrend to fit a bicubictrendsurfaceto thegridded
data,contourit as well, andsampleboth griddedfiles along a diagonaltransectusinggrdtrac k. The
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Figure6.13:Displayof vectorfieldsin GMT

bottompanelcomparesthe gridded(solid line) andbicubic trend(dashedline) alongthe transectusing
psxy (Figure6.14):

gmtset GRID_PEN 0.25pta
psxy table_5.11 -R0/7/0/7 -JX3.06i/3.15i -B2f1WSNe -Sc0.05i -G0 -P -K -Y6.45i >! example_14.ps
$AWK ’{printf "%g %s 6 0 0 5 %g\n", $1+0.08, $2, $3}’ table_5.11 | pstext -R -JX -O -K -N \

>> example_14.ps
blockmean table_5.11 -R0/7/0/7 -I1 >! mean.xyz
psbasemap -R0.5/7.5/0.5/7.5 -JX -O -K -B0g1 -X3.25i >> example_14.ps
psxy -R0/7/0/7 -JX -B2f1eSNw mean.xyz -Ss0.05i -G0 -O -K >> example_14.ps
$AWK ’{printf "%g %s 6 0 0 5 %g\n", $1+0.1, $2, $3}’ mean.xyz | pstext -R -JX -O -K -W255o \

-C0.01i/0.01i -N >> example_14.ps
surface mean.xyz -R -I1 -Gdata.grd
grdcontour data.grd -JX -B2f1WSne -C25 -A50 -G3i/10 -S4 -O -K -X-3.25i -Y-3.55i >> example_14.ps
psxy -R -JX mean.xyz -Ss0.05i -G0 -O -K >> example_14.ps
grdtrend data.grd -N10 -Ttrend.grd
grdcontour trend.grd -JX -B2f1wSne -C25 -A50 -G3i/10 -S4 -O -K -X3.25i >> example_14.ps
project -C0/0 -E7/7 -G0.1 -Fxy >! track
psxy -R -JX track -W1pto -O -K >> example_14.ps
grdtrack track -Gdata.grd | cut -f3,4 >! data.d
grdtrack track -Gtrend.grd | cut -f3,4 >! trend.d
psxy ‘minmax data.d trend.d -I0.5/25‘ -JX6.3i/1.4i data.d -W1p -O -K -X-3.25i -Y-1.9i -B1/50WSne \

>> example_14.ps
psxy -R -JX trend.d -W0.5pta -O -U"Example 14 in Cookbook" >> example_14.ps
\rm mean.xyz track *.grd *.d .gmt*

6.15 Gridding, contouring, and maskingof unconstrainedareas

This example(Figure6.15) demonstratessomeoff the differentwaysonecanuseto grid datain ,
andhow to dealwith unconstrainedareas.We first converta largeASCII file to binarywith gmtcon ver t
sincethebinaryfile will readandprocessmuchfaster. Our lower left plot illustratestheresultsof gridding
usinga nearestneighbortechnique(nearneighbor ) which is a local method:No outputis givenwhere
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Figure6.14:Griddingof dataandtrendsurfaces

thereareno data.Next (lower right), we usea minimumcurvaturetechnique(surface ) which is a global
method. Hence,the contourscover the entiremapallthoughthe dataareonly availablefor portionsof
thearea(indicatedby thegrayareasplottedusingpsmask ). Thetop left scenarioillustrateshow we can
createaclip path(usingpsmask ) basedonthedatacoverageto eliminatecontoursoutsidetheconstrained
area.Finally (top right) wesimply employ pscoast to overlaygraylandmassesto coverup theunwanted
contours,andendby plotting a starat thedeepestpoint on themapwith psxy . This point wasextracted
from thegriddedfilesusinggrdinf o.

gmtconvert ship.xyz -bo >! ship.b
set region = ‘minmax ship.b -I1 -bi3‘
nearneighbor $region -I10m -S40k -Gship.grd ship.b -bi3
set info = ‘grdinfo -C -M ship.grd‘
grdcontour ship.grd -JM3i -P -B2WSne -C250 -A1000 -G2i -K -U"Example 15 in Cookbook" >! example_15.ps
blockmedian $region -I10m ship.b -bi3 -bo >! ship_10m.b
surface $region -I10m ship_10m.b -Gship.grd -bi3
psmask $region -I10m ship.b -JM -O -K -T -G220 -bi3 -X3.6i >> example_15.ps
grdcontour ship.grd -JM -B2WSne -C250 -L-8000/0 -A1000 -G2i -O -K >> example_15.ps
psmask $region -I10m ship_10m.b -bi3 -JM -B2WSne -O -K -X-3.6i -Y3.75i >> example_15.ps
grdcontour ship.grd -JM -C250 -A1000 -L-8000/0 -G2i -O -K >> example_15.ps
psmask -C -O -K >> example_15.ps
grdclip ship.grd -Sa-1/NaN -Gship_clipped.grd
grdcontour ship_clipped.grd -JM -B2WSne -C250 -A1000 -L-8000/0 -G2i -O -K -X3.6i >> example_15.ps
pscoast $region -JM -O -K -G150 -W0.25p >> example_15.ps
echo $info[12] $info[13] | psxy -R -JM -O -K -Sa0.15i -W1p >> example_15.ps
echo "-0.3 3.6 24 0 1 CB Gridding with missing data" | pstext -R0/3/0/4 -Jx1i -O -N >> example_15.ps
\rm -f ship.b ship_10m.b ship.grd ship_clipped.grd
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Figure6.15:Gridding,contouring,andmaskingof data

6.16 Gridding of data, continued

pscontour (for contouring)andtriangulate (for gridding)usethesimplestmethodof interpolatingdata:
a Delaunaytriangulation(seeExample12) which formsz) x / y, asa unionof planartriangularfacets.One
advantageof this methodis that it will not extrapolatez) x / y, beyond the convex hull of the input (x,
y) data. Another is that it will not estimatea z valueabove or below the local boundson any triangle.
A disadvantageis that the z) x / y, surfaceis not differentiable,but hassharpkinks at triangleedgesand
thusalsoalongcontours.This maynot look physicallyreasonable,but it canbe filtered later (lastpanel
below). surface canbeusedto generateahigher-order(smoothanddifferentiable)interpolationof z) x / y,
ontoa grid, after which the grid may be illustrated(grdcontour , grdima ge, grdview). surface will
interpolateto all (x, y) pointsin a rectangularregion, andthuswill extrapolatebeyondtheconvex hull of
thedata.However, this canbemaskedout in variousways(seeExample15).

A moreseriousobjectionis thatsurface mayestimatezvaluesoutsidethelocal rangeof thedata(note
areanearx = 0.8,y = 5.3). Thiscommonlyhappenswhenthedefault tensionvalueof zerois usedto create
a“minimum curvature”(mostsmooth)interpolant.surface canbeusedwith non-zerotensionto partially
overcomethisproblem.Thelimiting valuetension( 1 shouldapproximatethetriangulation,while avalue
between0 and1 mayyield agoodcompromisebetweentheabovetwo cases.A valueof 0.5is shown here
(Figure6.16). A sideeffect of the tensionis that it tendsto make thecontoursturn neartheedgesof the
domainso that they approachtheedgefrom a perpendiculardirection. A solutionis to usesurface in a
largerareaandthenusegrdcut to cutout thedesiredsmallerarea.Anotherway to achievea compromise
is to interpolatethedatato a grid andthenfilter thegrid usinggrdfft or grdfilter . The lattercanhandle
gridscontaining“NaN” valuesandit cando medianandmodefilters aswell asconvolutions.Shown here
is triangulate followedby grdfilter . Notethatthefilter hasdonesomeextrapolationbeyondtheconvex
hull of theoriginalx, y values.The“best” smoothapproximationof z) x / y, dependsontheerrorsin thedata
andthe physicallaws obeyedby z. cannotalwaysdo the “best” thing but it offersgreatflexibility
throughits combinationsof tools. We illustrateall four solutionsusinga cpt file thatcontainscolor fills,
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patterns,anda “skip slice” requestfor 700 4 z 4 725.

gmtset MEASURE_UNITINCH ANOT_FONT_SIZE 9
pscontour -R0/6.5/-0.2/6.5 -Jx0.45i -P -K -Y5.5i -Ba2f1WSne table_5.11 -Cex16.cpt -I \

>! example_16.ps
echo "3.25 7 18 0 4 CB pscontour (triangulate)" | pstext -R -Jx -O -K -N >> example_16.ps
surface table_5.11 -R -I0.1 -Graws0.grd
grdview raws0.grd -R -Jx -Ba2f1WSne -Cex16.cpt -Qs -O -K -X3.5i >> example_16.ps
echo "3.25 7 18 0 4 CB surface (tension = 0)" | pstext -R -Jx -O -K -N >> example_16.ps
surface table_5.11 -R -I0.1 -Graws5.grd -T0.5
grdview raws5.grd -R -Jx -Ba2f1WSne -Cex16.cpt -Qs -O -K -Y-3.75i -X-3.5i >> example_16.ps
echo "3.25 7 18 0 4 CB surface (tension = 0.5)" | pstext -R -Jx -O -K -N >> example_16.ps
triangulate table_5.11 -Grawt.grd -R -I0.1 > /dev/null
grdfilter rawt.grd -Gfiltered.grd -D0 -Fc1
grdview filtered.grd -R -Jx -Ba2f1WSne -Cex16.cpt -Qs -O -K -X3.5i >> example_16.ps
echo "3.25 7 18 0 4 CB triangulate @˜\256@˜ grdfilter" | pstext -R -Jx -O -K -N >> example_16.ps
echo "3.2125 7.5 32 0 4 CB Gridding of Data" | pstext -R0/10/0/10 -Jx1i -O -K -N -X-3.5i >> example_16.ps
psscale -D3.21/0.35/5/0.25h -Cex16.cpt -O -U"Example 16 in Cookbook" -Y-0.75i >> example_16.ps
\rm -f *.grd .gmtcommands
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Figure6.16:Morewaysto grid data

6.17 Imagesclipped by coastlines

This exampledemonstrateshow pscoast canbe usedto setup clippathsbasedon coastlines.This ap-
proachis well suitedwhendifferent griddeddatasetsare to be mergedon a plot usingdifferentcolor
palettefiles. Merging thefiles themselvesmaynot bedoablesincethey mayrepresentdifferentdatasets,
aswe show in this example.Here,we lay down a color mapof thegeoidfield nearIndiawith grdima ge,
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usepscoast to setup land clippaths,andthenoverlay topographyfrom the ETOPO5datasetwith an-
othercall to grdima ge. We finally undotheclippathwith a secondcall to pscoast with theoption–Q
(Figure6.17):

grd2cpt india_geoid.grd -Crainbow >! geoid.cpt
grdgradient india_geoid.grd -Nt1 -A45 -Gindia_geoid_i.grd
grdimage india_geoid.grd -Iindia_geoid_i.grd -JM6.5i -Cgeoid.cpt -P -K -U"Example 17 in Cookbook" \

>! example_17.ps
pscoast -R60/90/-10/25 -JM -O -K -Dl -Gc >> example_17.ps
echo "-10000 150 10000 150" >! gray.cpt
grdgradient india_topo.grd -Nt1 -A45 -Gindia_topo_i.grd
grdimage india_topo.grd -Iindia_topo_i.grd -JM -Cgray.cpt -O -K >> example_17.ps
pscoast -R -JM -O -K -Q -B10f5:."Clipping of Images": >> example_17.ps
pstext -R -JM -O -M -W255O0.5p -D-0.1i/0.1i << EOF >> example_17.ps
> 90 -10 12 0 4 RB 12p 3i j
@_@%5%Example17.@%%@_ We first plot the color geoid image
for the entire region, followed by a gray-shaded @#etopo5@#
image that is clipped so it is only visible inside the coastlines.
EOF
\rm -f geoid.cpt gray.cpt *_i.grd .gmt*
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it is only visible inside the coastlines.

Figure6.17:Clippingof imagesusingcoastlines

6.18 Volumesand Spatial Selections

To demonstratepotentialusageof thenew programsgrdvolume andgmtselect we extracta subsetof
theSandwell& Smithaltimetricgravity field3 for thenorthernPacific anddecideto isolateall seamounts

3Seehttp://topex.ucsd.edu/marine grav/mar grav.html.
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that (1) exceed50 mGal in amplitudeand(2) arewithin 200 km of the Pratt seamount.We do this by
dumpingthe 50 mGal contoursto disk, thenmakinga simple$AWK script center.awk that returnsthe
meanlocationof thepointsmakingup eachclosedpolygon,andthenpasstheselocationsto gmtselect
which retainsonly thepointswithin 200km of Pratt.We thenmaskout all thedataoutsidethis radiusand
usegrdvolume to determinethecombinedareaandvolumesof thechosenseamounts.

gmtset ELLIPSOID Sphere
echo "-142.65 56.25" >! pratt.d
makecpt -Crainbow -T-60/60/10 -Z >! grav.cpt
grdgradient AK_gulf_grav.grd -Nt1 -A45 -GAK_gulf_grav_i.grd
grdimage AK_gulf_grav.grd -IAK_gulf_grav_i.grd -JM5.5i -Cgrav.cpt -B2f1 -P -K -X1.5i -Y5.85i >! example_18.ps
pscoast -R-149/-135/52.5/58 -JM -O -K -Di -G160 -W0.25p >> example_18.ps
psscale -D2.75i/-0.4i/4i/0.15ih -Cgrav.cpt -B20f10/:mGal: -O -K >> example_18.ps
$AWK ’{print $1, $2, 12, 0, 1, "LB", "Pratt"}’ pratt.d | pstext -R -JM -O -K -D0.1i/0.1i \

>> example_18.ps
$AWK ’{print $1, $2, 0, 200, 200}’ pratt.d | psxy -R -JM -O -K -SE -W0.25p >> example_18.ps
grdcontour AK_gulf_grav.grd -JM -C20 -B2f1WSEn -O -K -Y-4.85i -U/-1.25i/-0.75i/"Example 18 in Cookbook" \

>> example_18.ps
grdcontour AK_gulf_grav.grd -JM -C10 -L49/51 -O -K -Dsm -Wc0.75p/0/255/0 >> example_18.ps
pscoast -R -JM -O -K -Di -G160 -W0.25p >> example_18.ps
$AWK ’{print $1, $2, 0, 200, 200}’ pratt.d | psxy -R -JM -O -K -SE -W0.25p >> example_18.ps
\rm -f sm_*[0-9].xyz # Only consider closed contours
cat << EOF >! center.awk
BEGIN {

x = 0
y = 0
n = 0

}
{

x += \$1
y += \$2
n++

}
END {

print x/n, y/n
}
EOF
\rm -f centers.d
foreach file (sm_*.xyz)

$AWK -f center.awk $file >>! centers.d
end
gmtselect -R -JM -C200/pratt.d centers.d >! $$
psxy $$ -R -JM -O -K -SC0.04i -G255/0/0 -W0.25p >> example_18.ps
psxy -R -JM -O -K -ST0.1i -G255/255/0 -W0.25p pratt.d >> example_18.ps
grdmath -R -I2m -F -142.65 56.25 GDIST = mask.grd
grdclip mask.grd -Sa200/NaN -Sb200/1 -Gmask.grd
grdmath AK_gulf_grav.grd mask.grd MUL = tmp.grd
set info = ‘grdvolume tmp.grd -C50 -Sk‘
psxy -R -JM -A -O -K -L -W0.75p -G255 << EOF >> example_18.ps
-148.5 52.75
-140.5 52.75
-140.5 53.75
-148.5 53.75
EOF
pstext -R -JM -O << EOF >> example_18.ps
-148 53.08 14 0 1 LM Areas: $info[2] km@+2@+
-148 53.42 14 0 1 LM Volumes: $info[3] mGal\264km@+2@+
EOF
\rm -f $$ grav.cpt sm_*.xyz *_i.grd tmp.grd mask.grd pratt.d center* .gmt*

Our illustrationis presentedin Figure6.18.

6.19 Color patterns on maps

3.1 introducedcolor patternsandthis examplesgive a few casesof how to usethis new feature.We
make a phony posterthatadvertisesaninternationalconferenceon in Honolulu. We usegrdmath ,
makecpt , andgrdima ge to draw pleasingcolor backgroundson maps,andoverlaypscoast clippaths
to have the patternschangeat the coastlines. The middle paneldemonstratesa simple pscoast call
wherethe built-in pattern# 86 is drawn at 100 dpi but with the black and white pixels replacedwith
colorcombinations.Thefinal panelrepeatsthetoppanelexceptthatthelandandseaimageshavechanged
places(Figure6.19).
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Figure6.18:Volumesandgeo-spatialselections

gmtset COLOR_MODELrgb
grdmath -R-180/180/-90/90 -I1 -F Y COSD2 POW= lat.grd
grdmath -R-180/180/-90/90 -I1 -F X = lon.grd
echo "0 255 255 255 1 0 0 255" >! lat.cpt
makecpt -Crainbow -T-180/180/60 -Z >! lon.cpt
grdimage lat.grd -JI0/6.5i -Clat.cpt -P -K -Y7.5i -B0 >! example_19.ps
pscoast -R -JI -O -K -Dc -A5000 -Gc >> example_19.ps
grdimage lon.grd -JI -Clon.cpt -O -K >> example_19.ps
pscoast -R -JI -O -K -Q >> example_19.ps
pscoast -R -JI -O -K -Dc -A5000 -W0.25p >> example_19.ps
echo "0 20 32 0 1 CM FIRST INTERNATIONAL" | pstext -R -JI -O -K -G255/0/0 -S0.5p >> example_19.ps
echo "0 -10 32 0 1 CM GMT CONFERENCE"| pstext -R -JI -O -K -G255/0/0 -S0.5p >> example_19.ps
echo "0 -30 18 0 1 CM Honolulu, Hawaii, April 1, 2000" | pstext -R -JI -O -K -G0/255/50 -S0.25p \

>> example_19.ps
pscoast -R -JI -O -K -Dc -A5000 -Gp100/86:F255/0/0B255/255/0 -Sp100/7:F255/0/0B0/0/0 -B0 -Y-3.25i \

>> example_19.ps
echo "0 15 32 0 1 CM SILLY USES OF" | pstext -R -JI -O -K -G50/255/50 -S0.5p >> example_19.ps
echo "0 -15 32 0 1 CM GMT COLORPATTERNS" | pstext -R -JI -O -K -G255/0/255 -S0.5p >> example_19.ps
grdimage lon.grd -JI -Clon.cpt -O -K -Y-3.25i -B0 -U"Example 19 in Cookbook" >> example_19.ps
pscoast -R -JI -O -K -Dc -A5000 -Gc >> example_19.ps
grdimage lat.grd -JI -Clat.cpt -O -K >> example_19.ps
pscoast -R -JI -O -K -Q >> example_19.ps
pscoast -R -JI -O -K -Dc -A5000 -W0.25p >> example_19.ps
echo "0 20 32 0 1 CM FIRST INTERNATIONAL" | pstext -R -JI -O -K -G255/0/0 -S0.5p >> example_19.ps
echo "0 -10 32 0 1 CM GMT CONFERENCE"| pstext -R -JI -O -K -G255/0/0 -S0.5p >> example_19.ps
echo "0 -30 18 0 1 CM Honolulu, Hawaii, April 1, 2000" | pstext -R -JI -O -G0/255/50 -S0.25p \

>> example_19.ps
\rm -f l*.grd l*.cpt .gmt*
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Figure6.19:Usingcolorpatternsin illustrations

6.20 Custommap symbols

Oneis often requiredto make specialmapsthat shows the distribution of certainfeaturesbut onewould
preferto usea customsymbolinsteadof the built-in circles,squares,triangles,etc. in the plotting
programspsxy andpsxyz . Herewe demonstrateoneapproachthat allows for a fair bit of flexibility
in designingonesown symbols. The following recipeis usedwhendesigninga new symbol. (1) Use
psbasemap (or engineeringpaper!) to setup anemptygrid thatgoesfrom -0.5 to +0.5 in bothx andy.
Useruler andcompassto draw your new symbolusingstraightlinesandarcsof circles.This is how your
symbolwill look whenasizeof 1 inchis chosen.Figure6.20illustratesanew symbolwewill call volcano.

(2) After designingthesymbolwe will encodeit usinga simplesetof rules. In our casewe describe
ourvolcanousingno morethan4 possibleconstructs:

x0 y0 M [ –Gfill ] [ –Wpen] Startnew elementat x0, y0

x1 y1 D Draw straightline from currentpoint to x1, y1

x0 y0 r ∆α C [ –Gfill ] [ –Wpen] Draw singlecircleof radiusr aroundx0, y0 in stepsof ∆α .
x0 y0 r α1 α2 ∆α A Draw arcsegmentof radiusr from angleα1 to α2 every∆α .

Theoptional–G and–W canbeusedto hardwirethe color fill andpenfor segments.By default the
segmentsarepaintedbasedon thevaluesof thecommandline settings.

Manuallyapplyingtheserulesto oursymbolresultsin a definitionfile volcano.def:

-0.5 -0.5 M
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Figure6.20:Makinga new volcanosymbolfor GMT

-0.2 0 D
-0.1 0.173205081 0.2 240 300 2 A
0 0 D
0.3 -0.5 D
-0.05 0.15 0.1 5 C
0.15 0.3 0.075 5 C
0.325 0.4 0.05 10 C
0.45 0.45 0.025 10 C

The valuesrefer to positionsand dimensionsillustratedin Figure 6.20 above. (3) Given a proper
definitionfile we usethesupplied$AWK -scriptmake symbolto createa custom$AWK -script thatwill
readlocationsandsizesof the desiredsymbolsandreplacethemwith line-drawings like the onein the
figure but translatedandscaledaccordingly. The outputis a multi-segmentfile (seeAppendixB) which
maybeplottedwith psxy or psxyz .

We arenow readyto give it a try. Basedon the hotspotlocationsin the file hotspots.d(with a 3rd
column giving the desiredsymbol sizesin inches)we lay down a world map and overlay red volcano
symbolsusingour custom-built $AWK -scriptvolcano.awk andpsxy . Notethatyou mustfirst transform
thecoordinatesusingmappr oject prior to runningthe$AWK -script.Without furtherdiscussionwealso
makeadefinitionfor a multi- coloredbulls-eyesymbol:

0 -0.7 M -W0.5p/255/0/0p
0 0.7 D
-0.7 0 M -W0.5p/255/0/0p
0.7 0 D
0 0 0.45 5 C -Gp0/12
0 0 0.45 5 C -W0.25p
0 0 0.35 5 C -G255/255/0 -W0.25p
0 0 0.25 5 C -Gp0/9
0 0 0.25 5 C -W0.25p
0 0 0.15 5 C -G255/255/0 -W0.25p
0 0 0.05 5 C -G255 -W0.25p

Hereis ourfinal mapscript:

$AWK -f make_symbol < volcano.def >! volcano.awk
$AWK -f make_symbol < bullseye.def >! bullseye.awk
cat << EOF >! hotspots.d
55.5 -21.0 0.25
63.0 -49.0 0.25
-12.0 -37.0 0.25
-28.5 29.34 0.25
48.4 -53.4 0.25
155.5 -40.4 0.25
-155.5 19.6 0.5
-138.1 -50.9 0.25
-153.5 -21.0 0.25
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-116.7 -26.3 0.25
-16.5 64.4 0.25
EOF
pscoast -R0/360/-90/90 -JR180/9i -B60/30:."Hotspot Islands and Cities": -G0/150/0 -S200/200/255 \

-Dc -A5000 -K -U"Example 20 in Cookbook" >! example_20.ps
mapproject -R0/360/-90/90 -JR -Di hotspots.d | $AWK -f volcano.awk | psxy -R0/9/0/9 -Jx1i -O -K \

-M -W0.25p -G255/0/0 -L >> example_20.ps
cat << EOF >! cities.d
286 40.45 0.8
31.15 30.03 0.8
115.49 -31.58 0.8
EOF
mapproject -R0/360/-90/90 -JR -Di cities.d | $AWK -f bullseye.awk | psxy -R0/9/0/9 -Jx -O \

-M >> example_20.ps
\rm -f volcano.awk bullseye.awk hotspots.d cities.d

whichproducestheplot in Figure6.21.
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Figure6.21:Usingcustomsymbolsin GMT

Given theseguidelinesyou caneasilymake your own symbols. Symbolswith more thanonecolor
canbe obtainedby makingseveral symbolcomponents.E.g., to have yellow smoke comingout of red
volcanoeswewouldmaketwo symbols:onewith just theconeandcalderaandtheotherwith thebubbles.
Thesewould beplottedconsecutively usingthedesiredcolors.Alternatively, like in bullseye.def, we may
specifycolorsdirectly for thevarioussegments.Notethatthecustomsymbols,unlike thebuilt-in symbols
in , canbeusedwith thebuilt-in patterns(AppendixE).Otherapproachesarealsopossible,of course.
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7. Mailing lists, updates,and bug reports

Most public-domain(andeven commercial)softwarecomeswith bugs,and the speedwith which such
bugsare detectedand removed dependsto a large degreeon the willingnessof the usercommunityto
report theseto us in a usefulmanner. Whenyour car breaksdown, simply telling the mechanicthat it
doesn’t work will hardlyspeedup therepairor cut backcosts!Therefore,we askthat if you detecta bug,
first makesurethatit in fact is a bug andnot a usererror. Then,sendusemailabouttheproblem.Be sure
to includeall theinformationnecessaryfor usto recreatethesituationin which thebugoccurred.Thiswill
includethefull commandline usedand,if possible,thedatafile usedby theprogram.Sendthebug-reports
to gmt@soest.hawaii.edu.We will try to fix bugsassoonasour schedulespermitandinform usersabout
thebug andavailability of updatedcode(SeeAppendixD).

Two electronicmailing lists areavailableto which usersmaysubscribe.gmtgroup@soest.hawaii.edu
andis primarily awayfor usto notify theuserswhenbugshavebeenfixedor whennew updateshavebeen
installedin theftp directory(SeeAppendixD). We alsomaintainanotherlist (gmthelp@soest.hawaii.edu)
which interestedusersmaysubscribeto. It basicallyprovidesa forum for usersto exchangeideas
andaskquestionsabout usage,installationandportability, etc. Pleaseusethis utility ratherthan
sendingquestionsdirectly to gmt@soest.hawaii.edu.We hopeyou appreciatethatwe simply do not have
time to beeverybody’spersonal tutor.

Theelectronicmailing lists aremaintainedautomaticallyby a program.To subscribeto oneor bothof
thelists,senda messageto listserver@soest.hawaii.educontainingthecommand(s):

subscribegmtgroup4 your full name,not emailaddress6
subscribegmthelp 4 your full name,notemailaddress6
(Do not type theangularbrackets 476 ). You mayalsoregisterelectronicallyvia the homeweb

page1. For informationon whatcommandsyou maysend,senda messagecontainingtheword help. You
mustinteractwith thelistserver to beaddedto or removedfrom themailing lists! We stronglyrecommend
thatyouat leastsubscribeto gmtgroupsincethis is how wecannotify youof futureupdatesandbug-fixes.
Most new userswill alsobenefitfrom having the otherforum (gmthelp)asthey struggleto realigntheir
senseof logic with that of . While anybody may postmessagesto gmthelp,accessto gmtgroupis
restrictedto minimizenettraffic. Any messagesentto gmtgroupwill beinterceptedby the manager
who will determineif themessageis importantenoughto causethousandsof mailtoolsto go BEEP. Com-
municationwith other usersshouldgo via gmthelp.Finally, all informationis providedonline
at the main homepagein Hawaii, i.e., www.soest.hawaii.edu/gmt. Changesto will alsobe
postedon this page.Themain pagehaslinks to theofficial ftp sitesaroundtheworld.

1www.soest.hawaii.edu/gmt
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A. GMT supplementalpackages

Thesepackagesarefor the mostpart written andsupportedby us, but therearesomeexceptions.They
provide extensionsof thatareneededfor particularratherthangeneralapplications.The software
is providedin a separate,supplementalarchive (GMT suppl.tar.gz (or .bz2);seeAppendixD). Questions
or bug reportsfor this softwareshouldbeaddressedto theperson(s)listedin theREADME file associated
with the particularprogram. It is not guaranteedthat theseprogramsarefully ANSI-C, Y2K, or POSIX
compliant,or that they necessarillywill install smoothlyon all platforms,but most do. Note that the
datasetssomeof theseprogramswork on arenot distributedwith thesepackages;they mustbeobtained
separately. Thecontentsof thesupplementalarchivemaychangewithoutnotice;at thiswriting it contains
thesedirectories:

A.1 cps: completePostScript en-/decoder

Thispackagecontainscpsencode which readsashellscript,compressesandencodesit andall datafiles
referencedthereinasPostScriptcomments,andappendsthemto the PostScriptplot that the shell script
generates.You may reversethe processwith cpsdecode andextract the original dataandshell script
from thePostScriptfile. Thepackageis mainainedby PaulWessel1.

A.2 dbase:gridded data extractor

This packagecontainsgrdraster which you canuseto extractdatafrom globalgriddeddatasetssuchas
thoseavailablefrom NGDC.Wehaveusedit to preparesomeof thegridsin theexamples(Chapter6). You
canalsocustomizeit to readyourown datasets.Thepackageis maintainedby the developers.

A.3 gshhs:GSHHS data extractor

This packagecontainsgshhs which you can use to extract shorelinepolygonsfrom the Global Self-
consistentHierarchicalHigh-resolutionShorelines(GSHHS)available separatelyfrom NGDC2 or the
GSHHShomepage3 (GSHHSis the polygondatabasefrom which the coastlinesderive). It also
containsgshhsdp for cleverly decimatingashoreline,andgshhstograssto convertshorelinesegmentsto
theGRASSdatabaseformat.Thepackageis maintainedby PaulWessel.

A.4 imgsrc: gridded altimetry extractor

Thispackageconsistsof theprogramimg2mer cgr d to extractsubsetsof theglobalgravity andpredicted
topographysolutionsderivedfrom satellitealtimetry4. Thepackageis maintainedby WalterSmith5.

A.5 meca:seismologyand geodesysymbols

This packagecontainstheprogramspscoupe , psmeca , pspolar , andpsvelo which areusedby seis-
mologistsand geodesistsfor plotting focal mechanisms(including cross-sectionsand polarities),error

1wessel@soest.hawaii.edu
2http://www.ngdc.noaa.gov/mgg/shorelines/gshhs.html
3http://www.soest.hawaii.edu/wessel/gshhs/gshhs.html
4For databases,seehttp://topex.ucsd.edu/marine grav/mar grav.html.
5walter@raptor.grdl.noaa.gov
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ellipses,velocity arrows, rotationalwedges,andmore. The packageis maintainedby Kurt Feigl6 and
GenevievePatau7.

A.6 mex: Matlab 5–GMT interface

Hereyou will find themex files grdinf o, grdr ead, andgrdwrite , which canbeusedin Matlab5 to read
and write grdfiles. The packageoriginatedwith David Sandwell,UCSD, and was subsequently
modifiedby PaulWesselandPhil Sharfstein,UCSB.It is now mainainedby PaulWessel.

A.7 mgg: MGD77 extractor and plotting tools

Thispackageholdstheprogramsbinlegs , dat2gmt , gmt2dat , gmtinf o, gmtlegs , gmtlist , gmtpath ,
gmttrac k, andmgd77togmt , which canbeusedto maintain,access,extractdatafrom, andplot marine
geophysicaldatafiles (MGD-778). Thepackageis maintainedby the developers.

A.8 misc: posters,patterns,and digitizing

At themoment,thispackagecontainstheprogramspsmegaplot whichyoucanuseto makelargeposters
usinga simplelaserwriter, makepattern which generatesrasterpatternsfrom 3.0 icon files, and
gmtdigitiz e which provides a GMT interfaceto a digitizing tablet via a serial port. The packageis
maintainedby Paul Wessel.

A.9 segyprogs:Plotting SEGY seismicdata

This packagecontainsprogramsto plot SEGYseismicdatafiles usingthe mappingtransformations
andpostscriptlibrary. pssegy generatesa 2-D plot (x:locationandy:time/depth)while pssegyz gener-
atesa 3-D plot (x andy: locationcoordinates,z: time/depth).Locationsmaybereadfrom predefinedor
arbitraryportionsof eachtraceheader. Thepackageis maintainedby Tim Henstock9.

A.10 spotter: backtracking and hotspotting

This packagecontainsthe plate tectonicprogramsbacktrac ker , which you canuseto move geologic
markersforwardorbackwardin time,hotspotter whichgeneratesCVA gridsbasedonseamountlocations
anda setof absoluteplatemotionstagepoles,andoriginator , which associatesseamountswith themost
likely hotspotorigins.Thepackageis maintainedby PaulWessel.

A.11 x2sys:Track crossover error estimation

Thispackagecontainsthetoolsx2sys datalist , which allowsyou to extractdatafrom almostany binary
or ASCII datafile, andx2sys cross which determinescrossover locationsanderrorsgeneratedby one
or several geospatialtracks. It is a new generationof tools intendedto replacethe old “X SYSTEM”
crossover tools(below). Thepackageis maintainedby Paul Wessel.

6Kurt.Feigl@cnes.fr
7patau@ipgp.jussieu.fr
8ThesedataareavailableonCD-ROM from NGDC (www.ngdc.noaa.gov).
9Timothy.J.Henstock@soc.soton.ac.uk
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A.12 x system:Track crossover error estimation

Thispackagecontainsthetoolsx edit , x init , x list , x over , x remo ve, x repor t, x setup , x solve dc drift ,
andx update . Collectively, they makeuptheold “XSYSTEM” crossovertools.Thispackagewith remain
in the supplementalarchiveuntil x2sysis complete.Thepackageis maintainedby Paul Wessel.

A.13 xgrid: visual editor for grdfiles

ThepackagecontainsanX11 editor(xgridedit ) for visualeditingof grdfiles. It wasoriginally developed
by HughFisher, CRES,in March1992but is now maintainedby Lloyd Parkes10.

10lloyd@must-have-coffee.gen.nz
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B. GMT file formats

B.1 Tabledata

ThesefileshaveN recordswhichhaveM fieldseach.Mostprogramscanreadmulticolumnfiles,but require
thatthex [andy] variable(s)bestoredin the1st[and2nd]column(Thereare,however, someexceptionsto
this rule,suchasfilter1d andsample1d ). canreadbothASCII andbinarytabledata.

B.1.1 ASCII tables

Thefirst datarecordmaybeprecededby 1 or moreheaderrecords.Whenusingsuchfiles,makesureto use
the–H optionandsettheparameterN HEADER RECSin the.gmtdefaultsfile (Systemdefault is 1 header
recordif –H is set;youmayalsouse–Hnrecsdirectly). Fieldswithin arecordmustbeseparatedby spaces,
tabs,or commas.Eachfield canbean integeror floating-pointnumberor a geographiccoordinatestring
usingthe [+ 8 -]dd[:mm[:ss]][W 8S8N 8E 8w 8 s8 n 8 e] format. Thus,12:30:44.5W, 17.5S,1:00:05,and200:45E
areall valid input strings. Whendealingwith time- or (x,y)-seriesit is usuallyconvenientto have each
profile in separatefiles. However, this maysometimesprove impracticaldueto largenumbersof profiles.
An exampleis files of digitized lineationswherethe numberof individual featuresmay rangeinto the
thousands.Onefile per featurewould in this casebeunreasonableandfurthermoreclog up thedirectory.

providesa mechanismfor keepingmore thanoneprofile in a file. Suchfiles arecalledmultiple
segmentfilesandareidenticalto theonesjust outlinedexceptthat they havesubheadersinterspersedwith
datarecordsthatsignalthestartof a segment.Thesubheadersmaybeof any format,but all musthave the
samecharacterin the first column. Whenusingsuchfiles, you mustspecifythe –M option. Theunique
characteris by default ’ 9 ’, but you canoverridethatby appendingyour chosencharacterto theM option.
E.g.,–MH will look for subheadersstartingwith H, whereas–M’*’ will checkfor asterisks(Thequotes
arenecessarysince* hasspecialmeaningto UNIX). Thesubheadersmaycontain–W and–G optionsfor
specifyingpenandfill attributesfor individual segments.Thesesettingswill overridethe corresponding
commandline options.

B.1.2 Binary tables

programsalsosupportbinarytablesto speedup input-outputfor i/o-intensivetaskslikegriddingand
preprocessing.Filesmayhave no header(hencethe–H optioncannotbeused)andall datamusteitherbe
singleor doubleprecision(no mixing allowed). Multiple segmentfiles areallowed(–M) andthesegment
headersareassumedto berecordswhereall thefieldsequalNaN.Flagsappendedto –M areignored.The
formatandnumberof fieldsarespecifiedwith the–b option.Thus,for input youmayset–bi[s][n], where
s designatessingleprecision(default is double)andn is thenumberof fields. For output,use–bo[s] (the
programsknow how many columnsto write).

B.2 2-D grdfiles

B.2.1 File contents

The default 2-D binary netCDFgrdfile in hasseveral attributes. The grdedit utility programwill
allow you to edit partsof theheaderof anexisting grdfile. Theattributeslistedin TableB.1 arecontained
within theheaderrecordin theordergiven(exceptthez-arraywhich is notpartof theheaderstructure,but
makesup therestof thefile).

version3 also allows other formatsto be read. In addition to the default netCDFformat it
canusebinary floating points,short integers,bytes,andbits, aswell as8-bit Sunrasterfiles(colormap
ignored). Additional formatsmay be usedby supplyingread/writefunctionsandlinking thesewith the

libraries.Thesourcefile gmt customio.chastheinformationthatprogrammerswill needto augment
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Parameter Description
int nx Numberof nodesin thex-dimension
int ny Numberof nodesin they-dimension
int nodeoffset 0 for grid line registration,1 for pixel registration
doublex min Minimum x-valueof region
doublex max Maximumx-valueof region
doubley min Minimum y-valueof region
doubley max Maximumy-valueof region
doublez min Minimum z-valuein dataset
doublez max Maximumz-valuein dataset
doublex inc Nodespacingin x-dimension
doubley inc Nodespacingin y-dimension
doublez scalefactor Factorto multiply z-valuesafterread
doublez add offset Offsetto addto scaledz-values
char x units[80] Units of thex-dimension
char y units[80] Units of they-dimension
char z units[80] Units of thez-dimension
char title[80] Descriptive title of thedataset
char command[320] Commandline thatproducedthegrdfile
char remark[160] Any additionalcomments

float z[nx*ny] 1-D arraywith z-valuesin scanlineformat

TableB.1: GMT griddedfile headerrecord

to readcustomgrdfiles. We anticipatethat thenumberof pre-programmedformatswill increaseas
enterprisingusersimplementwhatthey need.

B.2.2 Grid line and Pixel registration

Scanlineformat meansthat the dataare storedin rows (y = constant)going from the “top” (y : ymax

(north)) to the “bottom” (y : ymin (south)). Data within eachrow are orderedfrom “left” (x : xmin

(west)) to “right” (x : xmax (east)). The nodeoffset signalshow the nodesare laid out. The grid is
always definedas the intersectionsof all x ( x : xmin ; xmin < xinc ; xmin < 2 = xinc ;?>@>@>A; xmax ) and y ( y :
ymin ; ymin < yinc ; ymin < 2 = yinc ;@>?>@>@; ymax ) lines. Thetwo scenariosdiffer in which areaeachdatapoint rep-
resents.Thedefault registrationin is grid line registration. Most programscanhandleboth types,
and for someprogramslike grdima ge a pixel registeredfile makesmoresense.Utility programslike
grdsample andgrdpr oject will allow you to convert from oneformatto theother.

Grid line registration

In this registration,thenodesarecenteredon the grid line intersectionsandthedatapointsrepresentthe
averagevaluein acell of dimensions(xinc = yinc) centeredon thenodes(FigureB.1). In thecaseof grid line
registrationthenumberof nodesarerelatedto regionandgrid spacingby

nx : B xmax C xminDAE xinc < 1
ny : B ymax C yminDAE yinc < 1

which for theexamplein FigureB.1 yieldsnx : ny : 4.

Pixel registration

Here,thenodesarecenteredin thegrid cells,i.e.,theareasbetweengrid lines,andthedatapointsrepresent
theaveragevalueswithin eachcell (FigureB.2. In thecaseof pixel registrationthenumberof nodesare
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FigureB.1: Grid line registrationof datanodes

relatedto regionandgrid spacingby

nx : B xmax C xminD?E xinc

ny : B ymax C yminD?E yinc

Thus,giventhesameregion(–R), thepixel registeredgridshaveonelesscolumnandonelessrow than
thegrid line registeredgrids;herewe find nx : ny : 3.

FigureB.2: Pixel registrationof datanodes

B.2.3 Boundary Conditions for operationson grids

hastheoptionto specifyboundaryconditionsin someprogramsthatoperateon grids(grdsample
–L; grdgradient –L; grdtrac k –L; nearneighbor –L; grdview –L). Theboundaryconditionscome
into playwheninterpolatingor computingderivativesnearthelimits of theregioncoveredby thegrid. The
defaultboundaryconditionsusedarethosewhich are“natural” for theboundaryof a minimumcurvature
interpolatingsurface. If theuserknows that thedataareperiodicin x (and/ory), or that the datacover a
spherewith x,y representinglongitude,latitude, thentherearebetterchoicesfor theboundaryconditions.
Periodicconditionson x (and/ory) arechosenby specifyingx (and/ory) astheboundaryconditionflags;
global sphericalcasesare specifiedusing the g (geographical)flag. Behavior of theseconditionsis as
follows:

Periodic conditionson x indicatethat the dataareperiodic in the distance(xmax C xmin) andthusrepeat
valuesafter every N :FB xmax C xmin DAE xinc. Note that this implies that in a grid-registeredfile the
valuesin the first andlastcolumnsareequal,sincethesearelocatedat x : xmin andx : xmax, and
thereareN + 1 columnsin thefile. This is not thecasein apixel-registeredfile, wherethereareonly
N andthefirst andlastcolumnsarelocatedat xmin < xinc E 2 andxmax C xinc E 2. If y is periodicall the
sameholdsfor y.

Geographical conditionsindicatethefollowing:
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1. If B xmax C xminDHG 360andalso180moduloxinc : 0 thenaperiodicconditionis usedonx with
a periodof 360;elseadefault conditionis usedon thex boundaries.

2. If condition1 is true andalsoymax : 90 thena “north pole condition” is usedat ymax, elsea
default conditionis usedthere.

3. If condition1 is trueandalsoymin : C 90 thena “southpolecondition” is usedat ymin, elsea
default conditionis usedthere.

“Poleconditions”usea180I phase-shiftof thedata,requiring180moduloxinc : 0.

Default boundaryconditionsare

∇2 f : ∂
∂n

∇2 f : 0

ontheboundary, where f B x ; yD is representedby thevaluesin thegrid file, and∂ E ∂n is thederivative
in thedirectionnormalto a boundary, and

∇2 : J
∂2

∂x2 < ∂2

∂y2 K
is thetwo-dimensionalLaplacianoperator.

B.3 Sun raster files

TheSunrasterfile formatconsistsof a headerfollowedby a seriesof unsigned1-byteintegersthatrepre-
sentsthebit-pattern.Bits arescanlineoriented,andeachrow mustcontainanevennumberof bytes.The
predefined1-bit patternsin havedimensionsof 64by 64,but othersizeswill beacceptedwhenusing
the–Gp 8P option.TheSunheaderstructureis outlinein TableB.2.

Parameter Description
int ras magic Magic number
int ras width Width (pixels)of image
int ras height Height(pixels)of image
int ras depth Depth(1, 8, 24,32 bits)of pixel
int ras length Length(bytes)of image
int ras type Typeof file; seeRT * below
int ras maptype Typeof colormap;seeRMT * below
int ras maplength Length(bytes)of following map

TableB.2: Structureof aSunrasterfile

After theheader, thecolor map(if ras maptypeis not RMT NONE) follows for ras maplengthbytes,
followedby animageof ras lengthbytes.Somerelateddefinitionsaregivenin TableB.3.

Macro name Description
RAS MAGIC 0x59a66a95
RT STANDARD 1 (Raw pixrectimagein 68000byteorder)
RT BYTE ENCODED 2 (Run-lengthcompressionof bytes)
RT FORMAT RGB 3 ([X]RGB insteadof [X]BGR)
RMT NONE 0 (ras maplengthis expectedto be0)
RMT EQUAL RGB 1 (red[rasmaplength/3],green[],blue[])

TableB.3: Sunmacrodefinitionsrelevantto rasterfiles
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Numerouspublic-domainprogramsexist, suchasxv andconvert (in theImageMagickpackage),that
will translatebetweenvariousrasterfileformatssuchastif f, gif, jpeg, andSunraster. Rasterpatternsmay
be createdwith plotting tools by generatingPostScriptplots that canbe rasterizedby ghostscript
andtranslatedinto theright rasterformat.
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C. Making GMT EncapsulatedPostScript Files

can produceboth freeform PostScriptfiles and the more restrictedEncapsulatedPostScriptfiles
(EPS).The former is intendedto besentto a printeror PostScriptpreviewer, while the latter is indended
to be includedin anotherdocument(but shouldalsobeableto print andpreview). You controlwhatkind
of PostScriptthat producesby manipulatingthePAPER MEDIA parameter(seethegmtdefaults
manpagefor how this is accomplished).Notethata freeformPostScriptfile maycontainspecialoperators
(suchasSetpagedevice ) that is specificto printers(e.g.,selectionof papertray). Somepreviewers
(amongthem,Sun’spageview) donotunderstandthesevalid instructionsandmayfail to imagethefile. If
this is your situationyou shouldchooseanotherviewer (we recommendghostview) or selectEPSoutput
instead.

However, thereis muchconfusionover what an EPSfile is andif otherprogramscanreadit. Much
of this hasto do with the claim by somesoftwaremanufacturersthat their programscan readandedit
EPSfiles. We usedto get muchmail from peopleaskingus to let produceEPSfiles that canbe
read,e.g.,by AdobeIllustrator . This wasa limitation of earlyversionsof AdobeIllustrator andsimilar
programs,not ! Sincethen,Adobe Illustrator andotherprogramshave improvedtheir abilities to
parsefreeformPostScriptsuchasthatproducedby .

An EPSfile thatis to beplacedinto anotherapplication(suchasa text document)needto havecorrect
bounding-boxparameters.Thesearefoundin thePostScriptDocumentComment%%BoundingBox.Ap-
plicationsthatgenerateEPSfilesshouldsettheseparameterscorrectly. Because makesthePostScript
filesonthefly, oftenwith severaloverlays,it is notpossibleto dosoaccurately. However, doesmake
aneffort to ensurethat theboundingboxis largeenoughto containtheentirecompositeplot1. Therefore,
if youneeda“tight” boundingboxyouneedto post-processyourPostScriptfile. Thereareseveralwaysin
which thiscanbeaccomplished.L ProgramssuchasAdobeIllustrator , Aldus Freehand, andCoralDraw will allow you to edit the

boundingboxgraphically.L A command-linealternative is to usefreely-availableprogramepstool from themakersof Aladdin
ghostscript. Running

epstool -c -b yourplot.ps

shouldgivea tight BoundingBox;epstoolassumestheplot is pagesizeandnot a hugeposter.L Anotheroptionis to useps2epsiwhich alsocomeswith theghostscript package.Running

ps2epsi myplot.ps myplot.eps

shouldalsodo thetrick.

If you do not want to modify the illustration but just includeit in a text document:Many word pro-
cessors(suchasMicrosoft Word andCoralWordPerfect) will let you includea PostScriptfile thatyou
may placebut not edit. You won’t be able to view the figure on-screen,but it will print correctly. All
illustrationsin this documentationwere -producedPostScriptfiles thatwereconvertedto EPS
filesusingps2epsiandthenincludedinto a LATEX document.

Theseexamplesdo not constituteendorsementsof theproductsmentionedabove; they only represent
our limited experiencewith the problem. For othersolutionsand further help, pleasepostmessagesto
gmthelp@soest.hawaii.edu.

1In contrast,regular PostScriptfilessimply havea%%BoundingBoxthatequalthesizeof thechosenpaper.
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D. Availability of GMT and relatedcode

All the sourcecode,supportdata,PostScript andHTML versionsof all documentation,andUNIX (in-
cluding HTML) manualpagescan be obtainedby anonymousftp from several mirror sites. We also
maintaina pageon the World Wide Web (http://www.soest.hawaii.edu/gmt);Seethis pagefor in-
stallationdirectionswhich allow for a simplified, automaticinstall procedure(for a CD-R solution,see
http://www.geoware-online.com.)

The tar archivesareavailableboth in gzip andbzip2 format. If neitherof theseutilities are
installedonyoursystem,youshouldknow thattheformerprogramis availablefrom GNU1 while thelatter
canbeobtainedfrom Cygnus2. bzip2 compressesmuchbetterthangzip: for example,thefull resolution
coastlinedatabaseis only M 29 Mb in bzip2 formatcomparedto ahefty M 44 Mb in gzip. Thesefileshave
the.bz2suffix.

TheGMT archivesareasfollows:

GMT progs.tar. N gz,bz2O Containsall sourcecode,cpt files,andPostScriptpatterns.

GMT share.tar. N gz,bz2O Containstheintermediate,low, andcruderesolutionsof thecoastlinedatabase.
Requiredwith progs.tarfor minimal setupneededto run .

GMT doc.tar. N gz,bz2O Containsall documentation(man pages,PostScriptversionsof both the
CookbookandTechnicalReferenceandthetutorial,andtheshortcoursematerial).

GMT web.tar. N gz,bz2O Containsall HTML versionsof all documentation(manpages,Cookbook
andTechnicalReference,andtutorial).

GMT full.tar . N gz,bz2O Containstheoptionalfull-resolutioncoastlinedatabase.

GMT high.tar. N gz,bz2O Containstheoptionalhigh-resolutioncoastlinedatabase.

GMT scripts.tar. N gz,bz2O Containsall theshellscriptsandsupportdatausedin theCookbooksection.

GMT suppl.tar. N gz,bz2O Containsseveralprogramswritten by usand userselsewhere. (SeeAp-
pendixA for moredetails).

GMT win32bin.zip ZIP archivewith all binariesfor Win32 platforms,theexamplescriptsanddata,and
thedefaultdistributionof coastlinedata.

triangle.tar. N gz,bz2O ContainsJohnShewchuck’s fastDelaunaytriangulationroutinewhich maybe in-
stalledwith GMT. (Seethecopyright informationfirst if youareacommercialuser).

The netCDFlibrary that makesup the backboneof the grdfile I/O operationscanbe obtainedfrom
Unidata. A compressedtar file canbe accessed(in binarymode)from the file netcdf.tar.Z in the anony-
mousFTP directory of unidata.ucar.edu(Internet128.117.140.3).The software distribution includesa
PostScriptfile of the netCDFUser’s Guide,andthereis alsoonline documentationfrom their web site.
[A mailing list, netcdfgroup@unidata.ucar.edu, is available for discussionof the netCDFinterfaceand
announcementsaboutnetCDFbugs,fixes,andenhancements.To subscribe,sendarequestto netcdfgroup-
adm@unidata.ucar.edu].Precompiledlibrariesfor WIN32 arealsoavailable3.

1www.gnu.org
2http://sourceware.cygnus.com/bzip2/index.html
3Requiredwith GMT win32bin.zip
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E. Predefinedbit and hachurepatterns in GMT

provides90 different bit and hachurepatternsthat can be selectedwith the –Gp option in most
plottingprograms.Thesepatternsarereproducedbelow at300dpi.

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20 21 22 23 24

25 26 27 28 29 30

31 32 33 34 35 36

37 38 39 40 41 42

43 44 45 46 47 48

49 50 51 52 53 54

55 56 57 58 59 60

61 62 63 64 65 66

67 68 69 70 71 72

73 74 75 76 77 78

79 80 81 82 83 84

85 86 87 88 89 90
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F. Chart of octal codesfor characters

octal 0 1 2 3 4 5 6 7

\03x ¾ ³ ™ ² ý ÿ ž

\04x  ! " # $ % & ’

\05x ( ) * + , - . /

\06x 0 1 2 3 4 5 6 7

\07x 8 9 : ; < = > ?

\10x @ A B C D E F G

\11x H I J K L M N O

\12x P Q R S T U V W

\13x X Y Z [ \ ] ^ _

\14x ‘ a b c d e f g

\15x h i j k l m n o

\16x p q r s t u v w

\17x x y z { | } ~

\20x Ã Ç Ð Ł Ñ Õ Š Þ

\21x Ý Ÿ Ž ã ¦ ç © °

\22x ÷ ð ¬ ł − µ × ñ

\23x ½ ¼ ¹ õ ± ® š þ

\24x ¡ ¢ £ ⁄ ¥ ƒ §

\25x ¤ ' “ « ‹ › fi fl

\26x Á – † ‡ · Â ¶ •

\27x ‚ „ ” » … ‰ Ä ¿

\30x À ` ´ ˆ ˜ ¯ ˘ ˙

\31x ¨ É ˚ ¸ Ê ˝ ˛ ˇ

\32x — Ë È Í Î Ï Ì Ó

\33x Ô Ö Ò Ú Û Ü Ù á

\34x â Æ ä ª à é ê ë

\35x è Ø Œ º í î ï ì

\36x ó æ ô ö ò ı ú û

\37x ü ø œ ß ù Å å

FigureF.1: Octalcodesandcorrespondingsymbolsfor standardfonts

Thecharactersandtheiroctalcodesin thereencodedstandardfontsareshown in FigureF.1. Thechart
for theSymbol( font number12)charactersetsarepresentedin FigureF.2 below. Grayareassignify
codesreserved for control characters.The octal codeis obtainedby appendingthe columnvalueto theP
?? value,e.g.,∂ is

P
266 in the Symbolfont. In orderto useall theextendedcharactersyou needto set

WANT EURO FONT to truein your .gmtdefaultsfile1.
ThePifont ZapfDingbatsis availableas font number34 andcanbeusedfor specialsymbolsnot

listedabove. Thevarioussymbolsareillustratedin FigureF.3.

1By default, this is trueif youchoseSI unitsandfalseif youchoseUSunitsduringtheinstallation.
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octal 0 1 2 3 4 5 6 7

\04x  ! ∀ # ∃ % & ∋
\05x ( ) ∗ + , − . /
\06x 0 1 2 3 4 5 6 7
\07x 8 9 : ; < = > ?
\10x ≅ Α Β Χ ∆ Ε Φ Γ
\11x Η Ι ϑ Κ Λ Μ Ν Ο
\12x Π Θ Ρ Σ Τ Υ ς Ω
\13x Ξ Ψ Ζ [ ∴ ] ⊥ _
\14x  α β χ δ ε φ γ
\15x η ι ϕ κ λ µ ν ο
\16x π θ ρ σ τ υ ϖ ω
\17x ξ ψ ζ { | } ∼

\24x € ϒ ′ ≤ ⁄ ∞ ƒ ♣
\25x ♦ ♥ ♠ ↔ ← ↑ → ↓
\26x ° ± ″ ≥ × ∝ ∂ •
\27x ÷ ≠ ≡ ≈ …   ↵
\30x ℵ ℑ ℜ ℘ ⊗ ⊕ ∅ ∩
\31x ∪ ⊃ ⊇ ⊄ ⊂ ⊆ ∈ ∉
\32x ∠ ∇    ∏ √ ⋅
\33x ¬ ∧ ∨ ⇔ ⇐ ⇑ ⇒ ⇓
\34x ◊ 〈    ∑  
\35x        
\36x ð 〉 ∫ ⌠  ⌡  
\37x       

FigureF.2: Octalcodesandcorrespondingsymbolsfor theSymbolfont
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octal 0 1 2 3 4 5 6 7

\04x  ✁ ✂ ✃ ✄ ☎ ✆ ✇

\05x ✈ ✉ ☛ ☞ ✌ ✍ ✎ ✏

\06x ✐ ✑ ✒ ✓ ✔ ✕ ✖ ✗

\07x ✘ ✙ ✚ ✛ ✜ ✝ ✞ ✟

\10x ✠ ✡ ✢ ✣ ✤ ✥ ✦ ✧

\11x ★ ✩ ✪ ✫ ✬ ✭ ✮ ✯

\12x ✰ ✱ ✲ ✳ ✴ ✵ ✶ ✷

\13x ✸ ✹ ✺ ✻ ✼ ✽ ✾ ✿

\14x ❀ ❁ ❂ ❃ ❄ ❅ ❆ ❇

\15x ❈ ❉ ❊ ❋ ● ❍ ■ ❏

\16x ❐ ❑ ❒ ▲ ▼ ◆ ❖ ◗

\17x ❘ ❙ ❚ ❛ ❜ ❝ ❞

\24x ❡ ❢ ❣ ❤ ❥ ❦ ❧

\25x ♣ ♦ ♥ ♠ ① ② ③ ④

\26x ⑤ ⑥ ⑦ ⑧ ⑨ ⑩ ❶ ❷

\27x ❸ ❹ ❺ ❻ ❼ ❽ ❾ ❿

\30x ➀ ➁ ➂ ➃ ➄ ➅ ➆ ➇

\31x ➈ ➉ ➊ ➋ ➌ ➍ ➎ ➏

\32x ➐ ➑ ➒ ➓ ➔ → ↔ ↕

\33x ➘ ➙ ➚ ➛ ➜ ➝ ➞ ➟

\34x ➠ ➡ ➢ ➣ ➤ ➥ ➦ ➧

\35x ➨ ➩ ➪ ➫ ➬ ➭ ➮ ➯

\36x ð ➱ ➲ ➳ ➴ ➵ ➶ ➷

\37x ➸ ➹ ➺ ➻ ➼ ➽ ➾

FigureF.3: Octalcodesandcorrespondingsymbolsfor ZapfDingbatsfont
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G. PostScript fontsusedby GMT

usesthestandard35 fonts thatcomewith mostPostScriptlaserwriters,aswell as4 Japanesefonts,
for a total of 39. If your printerdoesnot supportsomeof thesefonts, it will automaticallysubstitutethe
default font (which is usuallyCourier).Thefollowing is a list of the fonts:

# Font Name # Font Name

0 Helvetica QSR TVU$UXWZY\[^]V_a`cbedgfih
1 Helvetica-Bold jlk mongnqpsrutlvxwzy�{ |~}q������t���{ �
2 Helvetica-Oblique ��� �^��� ���@��� �������c�������@�
3 Helvetica-BoldOblique ��� �^���  ���¡�¢ £�¤�¥�¦c¤�§z§z¨ª©H¥�«c¨ª� ¬
4 Times-Roman ­�® ¯^°�±�²a°�³ ´ µ�¶�·�¸c¶�¹�¹�ºx»ª·½¼X¾�± ´ ¿�À�°
5 Times-Bold Á�Â Ã^Ä�Å�Æ@Ä�Ç�È É�Ê�Ë�ÌcÊ�ÍzÍzÎ^ÏXË�ÐcÎªÅ ÑÓÒXÔªÅ È Õ×ÖªÄ
6 Times-Italic ØXÙ ÚÜÛ×ÝßÞoÛªàsáAâsã3äqåHæ�çqèêéXë�ìîí~ï×ðòñXà
7 Times-BoldItalic óHô õòö�÷7ø~ö�ùqú½ûsü3ýÓþ ÿ �������	��
 ú
� ��� ÿ
8 Courier ��� ���	�������������! #"%$	&�')(+*-,�.0/#'
1
9 Courier-Bold 243 576!8�9:6!;�<>=�?A@CB�DFE�GIH#J4K�LNM�GIOQP!<>R%GISID
10 Courier-Oblique TVU WCXVYZXV[]\_^�`�a�b%`FcdXV^
11 Courier-BoldOblique eVf g#hjikhjl�mkn�ojp�q�l�hjikmkr
12 Σψµβολ (Symbol) sVt u#vVw�vVx�y�z#{�|�}%{�w�~��� �������!�����������	�����4�4� �V� �%�����������������%������ ��I������¡
¢]£ ¤¦¥�§�¨#©)ª�§�«�¬�­+®�¯�°4°4±³²µ´�¶ · ¸�¹#­ ºjº »�¼�½¿¾ÁÀÃÂj¼�ÄÆÅ�Ç�È_ÉËÊ ÌNÇ�ÍAÎÐÏÆÑ�ÒÔÓ�¼�ÕÐÎÐÅ
Ö>× Ø�Ù+Ú4Û!ÜÞÝNÚ4ß]à%á�â�ãäá+åçæ

34 ✺❁❐❆✤❉■❇❂❁▼▲ (ZapfDingbats)è>é ê�ëËì4í#î_ïNì4ð]ñ%òôó)õäò+öç÷Ðø�ù%úÐ÷Ðû%üCò
35 Ryumin-Light-EUC-H (JPN)ýQþ ÿ����������
	���
��
���
36 Ryumin-Light-EUC-V (JPN)��� ���������������! #"$�&%('*)+��,-%/.
37 GothicBBB-Medium-EUC-H (JPN)

38 GothicBBB-Medium-EUC-V  (JPN)

FigureG.1: Thestandard39 PostScriptfontsrecognizedby GMT

For the specialfonts Symbol(12) andZapfDingbats(34), seethe octal chartsin AppendixF. When
specifyingfonts in , you caneithergive the entire font nameor just the font numberlisted in this
table.To changethefontsusedin plottingbasemapframes,seethemanpagefor gmtdefaults . For direct
plottingof text-strings,seethemanpagefor pste xt .
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H. Problemswith display of GMT PostScript

createsvalid (sofarasweknow) AdobePostScriptLevel1. It doesnotuseoperatorsspecificto Level
2 andshouldthereforeproduceoutputthatwill print on old aswell asnew PostScriptprinters.Sometimes
unexpectedthingshappenwhen outputis sentto certainprintersor displays.This sectionlists some
thingswehave learnedfrom experience,andsomework-arounds.

H.1 PostScript dri ver bugs

Whenyoutry to displayaPostScriptfile onadevice,suchasaprinteror yourscreen,thenaprogramcalled
a PostScriptdevicedriverhasto computewhich devicepixelsshouldreceivewhich colors(blackor white
in the caseof a simple laserprinter) in order to displaythe file. At this stage,certaindevice-dependent
thingsmayhappen.Thesearenot limitationsof or PostScript, but of theparticulardisplaydevice.
Thefollowing bugsareknown to usbasedon ourexperiences:

1. Early versionsof the SunSPARCprinter softwarecausedlinewidth-dependentpathdisplacement.
Wereportedthisbugandit hasbeenfixedin newerversionsof thesoftware.Try usingpsxy to draw
y 0 f 1 x2 twice, oncewith a thin pen(–W1) andoncewith a fat pen(–W10); if they do not plot on
top of eachother, you have this kind of bug andneednew software.Theproblemmayalsoshow up
whenyouplot a mixtureof solidanddashed(or dotted)linesof variouspenthickness

2. Thefirst versionof theHP Laserjet4M (prior to Aug–93)hadbugsin thedriver program.Theold
onewasPostScriptSIMM, partnumberC2080-60001;thenew oneis calledPostScriptSIMM, part
numberC2080-60002.Youneedto getthisonepluggedinto yourprinterif youhaveanHPLaserJet
4M.

3. Apple Laserwriterswith the older versionsof Apple’s PostScriptdriver will give the error “lim-
itcheck”andfail to plot whenthey encounterapathexceedingabout1000–1500points.Try to geta
newer driver from Apple, but if you can’t do that,settheparameterMAX L1 PATH to 1000–1500
or evensmallerin thefile src/pslibinc.handrecompile . Thenumberof pointsin a PostScript
pathcanbearbitrarily large, in principle; will only createpathslongerthanMAX L1 PATH
if the pathrepresentsa filled polygonor clipping path. Line-drawings(no fill) will be split so that
no segmentexceedsMAX L1 PATH. This meanspsxy –G will issuea warningwhenyou plot a
polygonwith morethanMAX L1 PATH pointsin it. It is thenyour responsibilityto split the large
polygoninto severalsmallersegments.If pscoast givessuchwarningsandthefile fails to plot you
may have to selectoneof the lower resolutiondatabasesThe pathlimitation exemplifiedby these
Apple printersis whatmakesthehigher-resolutioncoastlinesfor pscoast non-trivial: suchcoast-
lineshave to beorganizedso thatfill operationsdo not generateexcessively largepaths.SomeHP
PostScriptcartridgesfor the LaserjetIII alsohave troublewith pathsexceeding1500points; they
maysuccessfullyprint thefile, but it cantake all night!

4. 8-bit color screendisplays(andprogramswhich useonly 8-bits, even on 24-bit monitors,suchas
Sun’spageview underOpenWindows)maynot dithercleverly, andsothecolor they show you may
not resemblethecoloryour PostScriptfile is askingfor. Therefore,if youchoosecolorsyou like on
thescreen,youmaybesurprisedto find thatyourplot looksdifferenton thehardcopy printeror film
writer. Theonly thing you cando is beawareof this, andmake sometestcaseson your hardcopy
devicesandcomparethemwith thescreen,until you getusedto this effect. (Eachhardcopy device
is alsoa little different,andsoyou will eventuallyfind thatyou wantto tuneyour color choicesfor
eachdevice.) Thergbcolorcubein example11 mayhelp.

5. Someversionsof Sun’s OpenWindows programpageview have only a limited numberof colors
available;thenumbercanbe increasedsomewhatby startingopenwin with theoption“openwin
-cubesize large ”.
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6. Finally, pageview seemto have problemsunderstandingthe setpagedevice operator. We rec-
ommendyouonly usepageview on EPSfilesor useghostview instead.

7. Many color hardcopy devicesuseCMYK color systems. PostScriptusesRGB (even if your
cpt files areusingHSV). Thethreecoordinatesof RGB spacecanbemappedinto threecoordinates
in CMY space,andin theoryK (black) is superfluous.But it is hardto getCMY inks to mix into a
goodblackor gray, sotheseprinterssupplyablackink aswell, henceCMYK. ThePostScriptdriver
for a CMYK printershouldbesmartenoughto computewhatportionof CMY canbedrawn in K,
anduseK for this andremoveit from CMY; however, someof themaren’t.

8. In earlyreleasesof wealwaysusedthePostScriptcommandr g b setrgbcolor to spec-
ify colors,even if the color happenedto be a shadeof gray (r 0 g 0 b) or black (r 0 g 0 b 0 0).
Oneof ourusersfoundthatblackcameoutmuddybrown whenheusedFreedomOfPressto makea
Versatecplot of a map.Hefoundthatif heusedthePostScriptcommandg setgray (where
g is a graylevel) thentheproblemwentaway. Apparently, his installationof FreedomOfPressuses
only CMY with thecommandsetrgbcolor , andso0 0 0 setrgbcolor triesto makeblack
out of CMY insteadof K. To fix this, in release2.1of we changedsomeroutinesin pslib.c to
checkif (r 0 g andr 0 b), in which caseg setgray is usedinsteadof r g b setrgbcolor .

9. Recentexperiencewith someTektronix Phaserprintersand with commercialprinting shopshas
shown that this substitutioncreatesproblemspreciselyoppositeof the problemsour Versatecuser
has.TheTektronixandcommercial(we think it wasa Scitex) machinesdo not useK whenyou say
0 setgray but they do whenyou say0 0 0 setrgbcolor . We believe that theseproblems
arelikely to disappearasthevarioussoftwaredevelopersmake their codesmorerobust. Note that
this is not a fault with : r 0 g 0 b 0 0 meansblackandshouldplot thatway. Thus,the
sourcecodeasshippedto youcheckswhetherr 0 g andr 0 b, in whichcaseit usessetgray , else
setrgbcolor . If yourgraytonesarenotbeingdrawn with K, youhavetwo work-aroundoptions:
(1) edit the sourcefor pslib.c or (2) edit your PostScriptfile andtry usingsetrgbcolor in all
cases.Thesimplestwayto dosois to redefinethesetgray operatorto usesetrgbcolor . Insert
theline

/setgray 3 dup dup setrgbcolor 4 def

immediatelyfollowing thefirst line in thefile (startswith %!PS.)

10. Somecolor film writersarevery sensitive to thebrandof film. If blackdoesn’t look blackon your
colorslides,try adifferentfilm.

H.2 Resolutionand dots per inch

TheparameterDOTS PR INCH canbesetby theuserthroughthe.gmtdefaultsfile or gmtset . By default
it is equalto thevaluein thegmt defaults.hfile, which is suppliedwith 300whenyou get from us.
Thisseemsagoodsizefor mostapplications,but shouldideally reflecttheresolutionof yourhardcopy de-
vice(mostlaserwritershaveat least300dpi, henceourdefaultvalue). computeswhattheplot should
look like in doubleprecisionfloatingpoint coordinates,andthenconvertstheseto integercoordinatesat
DOTS PR INCH resolution.This helpsusfind out thatcertainpointsin a pathlie on top of otherpoints,
andwe canremovethese,makingsmallerpaths.Smallpathsareimportantfor thelaserwriterbugsabove,
andalsoto make fill operationscomputefaster. Someusershave settheir DOTS PR INCH to very large
numbers.Thisonly makesthePostScriptoutputbiggerwithoutaffectingtheappearenceof theplot. How-
ever, if you want to make a plot which fits on a pageat first, andthenlatermagnify this samePostScript
file to ahugesize,thehigherDPI is important.Yourdatamaynothavethehigherresolutionbut oncertain
devicestheedgesof fontswill not look crispif they arenot drawn with aneffective resolutionof 300dpi
or so.Bewareof makinganexcessively largepath.Notethatif youchangedpi thelinewidthsproducedby
your–W optionswill change,unlessyou haveappendedp for linewidth in points.
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H.3 Europeancharacters

Notefor usersof pageview in SunOpenWindows: now offerssomeoctalescapesequencesto load
Europeanalphabetcharactersin text strings(seeSection4.16). Whenthis featureis enabled,the header
on PostScriptoutputincludesa sectiondefiningspecialfonts. Thedefinition is addedto theheader
whetheror not yourplot actuallyusesthefonts.

Userswho view their PostScriptoutputusingpageview in OpenWindows on Suncomputers
or userolder laserwritersmay have difficulties with the Europeanfont definition. If your installationof
OpenWindows followeda space-saving suggestionof Sun,you mayhave excludedtheEuropeanfonts,in
which casepageview will fail to renderyourplot.

Ask your systemadministratoraboutthis,or run this simpletest: (1) View a PostScriptfile with
pageview. If it comesup OK, you will be fine. If it comesup blank,openthe “Edit PostScript”button
andexaminethe lower window for error messages.(The Europeanfont problemgenerateslots of error
messagesin this window). (2) Verify thatthePostScriptfile is OK, by sendingit to a laserwriterandmak-
ing sureit comesout. (3) If thePostScriptfile is OK but it chokespageview, thenedit thePostScriptfile,
cuttingout everythingbetweenthelines:

%%%%%START OFEUROPEANFONTDEFINITION %%%%%5 bunchof definitions6
%%%%%END OF EUROPEANFONTDEFINITION %%%%%

Now try pageview on theeditedversion.If it now comesup, you have a limited subsetof OpenWin-
dows installed. If you discover that thesefonts causeyou trouble, thenyou canedit your .gmtdefaults
file to setWANT EURO FONT = FALSE, which will suppresstheprinting of this definitionin the
PostScriptheader. With thissetto FALSE, youcanmakeoutputwhichwill beviewablein pageview with-
out any editing. However, you would have to resetthis to TRUE beforeattemptingto useEuropeanfonts,
and then the outputwill becomeun-pageview-ableagain. If you try to concatenatesegmentsof
PostScriptmadewith andwithout theEuropeanfontsenabled,thenyou mayfind thatyou haveproblems,
eitherwith thedefinition,or becauseyouaskfor somethingnotdefined.

H.4 Hints

Whenmakingimagesandperspective views of largeamountsof data,the programscantake some
timeto run,theresultingPostScriptfilescanbeverylarge,andthetimeto displaytheplot canbelong. Fine
tuningaplot scriptcantakelotsof trial anderror. Werecommendusinggrdsample to makea low resolu-
tion versionof thedatafilesyouareplotting,andpracticewith that,soit is faster;whenthescriptis perfect,
usethefull-resolutiondatafiles. We oftenbegin building a scriptusingonly psbasemap or pscoast to
getthevariousplotsorientedcorrectlyonthepage;oncethisworkswereplacethepsbasemap callswith
theactuallydesired programs.

If you want to make color shadedrelief imagesandyou haven’t hadmuchexperiencewith it, here
is a good first cut at the problem: Set your COLOR MODEL to HSV using gmtset . Use makecpt
or grd2cpt to make a continuouscolor palettespanningthe rangeof your data. Usethe –Nt option on
grdgradient . Try theresult,andthenplaywith thetuningof the.gmtdefaults, thecptfile, andthegradient
file.
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I. Color Space— The final fr ontier

Beginningwith version2.1.4,“Example11” wasincludedin thecookbook.Theexamplemakesan
RGB color cubeby a simpleawk script. We wrotea programto computeHSV gridsfor eachfaceof this
cube,andincludea versionof thecubewith HSV contourson it asfile contouredcube.psin /share.

In this appendix,we aregoingto try to explain therelationshipbetweentheRGB andHSV color sys-
temssoasto (hopefully)makethemmoreintuitive. allowsusersto specifycolorsin cptfilesin either
system(colorsoncommandlines,suchaspencolorsin –W option,arealwaysin RGB). usestheHSV
systemto achieveartificial illuminationof coloredimages(e.g.–I optionin grdima ge) by changingthes
andv coordinatesof thecolor. Whentheintensityis zero,thedataarecoloredaccordingto thecpt file. If
theintensityis non-zero,thedataaregivenastartingcolorfrom thecptfilebut thiscolor(afterconversionto
HSV if necessary)is thenchangedby moving (s,v) towardHSV MIN SATURATION, HSV MIN VALUE
if the intensityis negative,or towardHSV MAX SATURATION, HSV MAX VALUE if positive. These
aredefinedin the.gmtdefaultsfile andareusuallychosensothecorrespondingpointsarenearlyblack(s
= 1, v = 0) andwhite (s = 0, v = 1). The reasonthis works is that the HSV systemallows movements
in color spacewhich correspondmorecloselyto whatwe meanby “tint” and“shade”;an instructionlike
“addwhite” is easyin HSV andnot soobviousin RGB.

We aregoing to try to give you a geometricpictureof color mixing in HSV from a tour of the RGB
cube.Thegeometricpictureis helpful,we think, sinceHSV arenot orthogonalcoordinatesandnot found
from RGBby analgebraictransformation.But beforewebegin travelingon theRGBcube,let usgivetwo
formulae,sinceanequationis oftenwortha thousandwords.

v 0 max1 r 7 g 7 b2
s 0 1 max1 r 7 g 7 b298 min1 r 7 g 7 b2-2;: max1 r 7 g 7 b2

Notethatwhenr 0 g 0 b 0 0 (black),theexpressionfor sgives0/0;blackis asingularpoint for s. The
expressionfor h is not easilygivenwithout lots of “if ” tests,but hasa simplegeometricexplanation.So
heregoes:Look at thecubefacewith black,red,magenta,andbluecorners.This is theg = 0 face.Orient
thecubesothatyouarelookingat this facewith blackin thelowerleft corner. Now imaginearight-handed
cartesian(r, g, b) coordinatesystemwith origin at theblackpoint; you arelooking at theg 0 0 planewith
r increasingto your right, g increasingaway from you,andb increasingup. Keepthis senseof (r, g, b) as
you look at thecube.

TheRGBcolorcubehassix faces.Onthreeof theseoneof (r, g, b) is equalto 0. Thesethreefacesmeet
at theblackcorner, wherer 0 g 0 b 0 0. On thesethreefacessaturation,theS in HSV, hasits maximum
value;s= 1 on thesefaces.(Acceptthisdefinitionandignorethessingularityatblackfor now). Therefore
h andv arecontouredon thesefaces;h in graysolid linesandv in whitedashedlines(v rangesfrom 0 to 1
andis contouredin stepsof 0.1).

On theotherthreefacesoneof (r, g, b) is equalto themaximumvalue. Thesethreefacesmeetat the
white corner, wherer 0 g 0 b 0 255. On thesethreefacesvalue,theV in HSV, hasits maximumvalue;
v = 1 on thesefaces.Thereforeh ands arecontouredon thesefaces;h in graysolid linesands in black
dashedlines(s rangesfrom 0 to 1 with contoursevery0.1).

Thethreefaceswherev = 1 meetthethreefaceswheres 0 1 in six edgeswhereboths 0 v 0 1 (and
at leastoneof (r, g, b) = 0 andat leastoneof (r, g, b) = 255). Traceyour finger aroundtheseedges,
startingat the red point andmoving to the yellow point, thenon around. You will visit six of the eight
cornersof the cube,in this order: red (h 0 0); yellow (h 0 60); green(h 0 120); cyan (h 0 180); blue
(h 0 240); magenta(h 0 300). Threeof thesearethe RGB colors; the other threeare the CMY colors
which arethecomplementof RGB andareusedin many color hardcopy devices(color monitorsusually
useRGB). Theonly cubecornersyou did not visit on this patharetheblackandwhite corners.Imagine
anaxisrunningthroughtheblackandwhite corners.If you projecttheRYGCBM edgepathontoa plane
perpendicularto the black-whiteaxis, the pathwill look like a hexagon,with RYGCBM at the vertices,
every 60< apart. Now we canmake a geometricdefinition of hue: Take a vectorfrom the origin (black
point) to any point in thecube;projectthis vectorontotheplanewith theRYGCBM hexagon;thenhueis
theanglethis projectedvectormakeswith theR directionon thehexagon.Thushueis anangledescribing
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rotationaroundtheblack-whiteaxis. Note thatby this definition, if a point is on theblack-whiteaxis, its
(r, g, b) vectorwill projectasa point at the centerof the hexagon,so its hueis undefined.Pointson the
black-whiteaxis have r 0 g 0 b, andthey areshadesof gray; we will call the black-whiteaxis the gray
axis.

Let us call the pointswheres 0 v 0 1 (the pointson the RYGCBM pathof cubeedges)the “pure”
colors. If we start at a pure color and we want to whiten it, we can keeph constantand v 0 1 while
decreasings; this will move us alongoneof the cubefacestoward the white point. If we startat a pure
color andwe want to blacken it, we cankeeph constantands 0 1 while decreasingv; this will move us
alongoneof thecubefacestowardtheblackpoint. Any point in (r, g, b) spacewhich canbethoughtof as
a mixtureof purecolor+ white,or purecolor+ black,is on a faceof thecube.

Thepointsin theinteriorof thecubearea little harderto describe.Thedefinitionfor h aboveworksat
all pointsin (non-gray)(r, g, b) space,but sofarwe haveonly lookedat (s, v) on thecubefaces,not inside
it. At interior points,noneof (r, g, b) is equalto either0 or 255. Choosesucha point, not on the gray
axis. Now draw a line throughyour point so that the line intersectsthe gray axis andalsointersectsthe
RYGCBM pathof edgessomewhere.It is alwayspossibleto constructthis line, andall pointson this line
havethesamehue.Thisconstructionshows thatany point in RGBspacecanbethoughtof asamixtureof
apurecolorplusashadeof gray. If wemovealongthis line away from thegrayaxistowardthepurecolor,
we are“purifying” thecolor by “removing gray”; this move increasesthecolor’s saturation.Whenwe get
to thepointwherewe cannotremoveany moregray, at leastoneof (r, g, b) will havebecomezeroandthe
color is now fully saturated;s 0 1. Conversely, any pointon thegrayaxisis completelyundersaturated,so
thats 0 0 there.Now weseethattheblackpoint is special,becauseit is theintersectionof threeplaneson
which s 0 1, but it is on a line wheres 0 0; it is a singularpoint, andwe get “0/0” in theabove formula.
We seealsothatsaturationis a measureof “purity” or “vi vidness”of thecolor.

It remainsto definevalue, and the formula above is really the bestdefinition. But if you like our
geometricconstructions,try this: Take your point in RGB spaceandconstructa line throughit so that
this line goesthroughthe blackpoint; producethis line from blackpastyour point until it hits a faceon
which v 0 1. All pointson this line have the samehue. Note that this line andthe line we madein the
previousparagrapharebothcontainedin theplanewhoseequationis hue= constant.Thesetwo linesmeet
at somearbitraryanglewhichvariesdependingonwhich point youchose.ThusHSV is not anorthogonal
coordinatesystem.If the line you madein thepreviousparagraphhappenedto touchthegrayaxisat the
blackpoint, thenthesetwo linesarethesameline, which is why theblackpoint is special.Now, theline
we madein this paragraphillustratesthe following: If your chosenpoint is not alreadyat the endof the
line, wherev 0 1, thenit is possibleto movealongtheline in thatdirectionsoasto increase(r, g, b) while
keepingthesamehue.Theeffect this hason a color monitor is to make thecolor shinemorebrightly, but
“brightness”hasothermeaningsin color geometry, solet ussaythatif you canmove in this way, you can
make your hue“stronger”; if you arealreadyon a planewhereat leastoneof (r, g, b) = 255, thenyou
cannotgeta strongerversionof thesamehue. Thus,v measuresstrength.Note that it is not quite trueto
saythatv measuresdistanceaway from theblackpoint,becausev is not equalto = r2 > g2 > b2 : 255.

TheRGB systemis understandablebecauseit is cartesian,andwe all learnedcartesiancoordinatesin
school. But it doesn’t help us createa tint or shadeof a color; we cannotsay, “We want orange,anda
lighter shadeof orange,or a lessvivid orange”. With HSV we cando this, by saying,“Orangemustbe
betweenredandyellow, soits hueis abouth = 30; a lessvivid orangehasa lessers, a darkerorangehasa
lesserv”. On theotherhand,theHSV systemis a peculiargeometricconstruction,it is not anorthogonal
coordinatesystem,andit is not foundby a matrix transformationof RGB; thesemake it difficult in some
casestoo. Notethata move towardblackor a move towardwhite will changeboths andv, in thegeneral
caseof aninteriorpoint in thecube.TheHSV systemalsodoesn’t behavewell for verydarkcolors,where
thegraypoint is nearblackandthetwo linesweconstructedabovearealmostparallel.If youaretrying to
createnicecolorsfor drawing chocolates,for example,youmaybebetteroff guessingin RGBcoordinates.

Well, thereyou have it, folks. We’ve beendoing for 10 yearsandall we know aboutcolor can
bewritten in about2 pages.We hopewe haven’t told you any lies. For moredetails,you shouldconsult
a bookaboutcolor systems.But asexample11 shows, a lot canbe learnedby experimentingwith
tools.Our thanksto JohnLillibridge for Example11.
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J. Filtering of data in GMT

The programsfilter1d (for tablesof dataindexed to oneindependentvariable)andgrdfilter (for
datagivenas2-dimensionalgrids) allow filtering of databy a moving-window process.(To filter a grid
by Fouriertransformusegrdfft .) Both programsuseanargument–F 5 type6 5 width6 to specifythetype
of processandthewindow’s width (in 1-d) or diameter(in 2-d). (In filter1d thewidth is a lengthof the
time or spaceordinateaxis,while in grdfilter it is the diameterof a circularareawhosedistanceunit is
relatedto thegrid meshvia the–D option). If theprocessis a medianor modeestimatorthenthewindow
outputcannotbewritten asa convolutionandthefiltering operationis not a linearoperator. If theprocess
is aweightedaverage,asin theboxcar, cosine,andgaussianfilter types,thenlinearoperatortheoryapplies
to the filtering process. Thesethreefilters can be describedas convolutionswith an impulseresponse
function,andtheir transferfunctionscanbeusedto describehow they altercomponentsin the input asa
functionof wavelength.

Impulseresponsesareshown herefor theboxcar, cosine,andgaussianfilters. Only therelativeampli-
tudesof thefilter weightsshown; thevaluesin thecenterof thewindow havebeenfixedequalto 1 for ease
of plotting. In this way thesamegraphcanserve to illustrateboth the1-d and2-d impulseresponses;in
the2-d casethis plot is a diametricalcross-sectionthroughthefilter weights(FigureJ.1).
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FigureJ.1: Impulseresponsesfor GMT filters

Althoughtheimpulseresponseslook thesamein 1-d and2-d, this is not trueof thetransferfunctions;
in 1-d thetransferfunction is theFourier transformof the impulseresponse,while in 2-d it is theHankel
transformof the impulseresponse.Theseareshown in FiguresJ.2andJ.3,respectively. Note that in 1-d
theboxcartransferfunctionhasits first zerocrossingat f 0 1, while in 2-d it is around f ? 1 @ 2. The1-d
cosinetransferfunction hasits first zerocrossingat f 0 2; so a cosinefilter needsto be twice aswide
asa boxcarfilter in orderto zerothe samelowestfrequency. As a generalrule, the cosineandgaussian
filters are“better” in the sensethat they do not have the “side lobes” (large-amplitudeoscillationsin the
transferfunction) that theboxcarfilter has. However, they arecorrespondingly“worse” in thesensethat
they requiremorework (doublingthewidth to achievethesamecut-off wavelength).
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FigureJ.2:Transferfunctionsfor 1-D GMT filters

Oneof thenicethingsaboutthegaussianfilter is thatits transferfunctionsarethesamein 1-dand2-d.
Anothernicepropertyis thatit hasnonegativesidelobes.Therearemany definitionsof thegaussianfilter
in the literature(seepage7 of Bracewell1). We defineσ equalto 1/6 of thefilter width, andthe impulse
responseproportionalto exp AB8 0 @ 5 1 t : σ 2 2 2 . With thisdefinition,thetransferfunctionis exp AB8 2 1 πσ f 2 2 C and
thewavelengthat which thetransferfunctionequals0.5 is about5.34σ, or about0.89of thefilter width.
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FigureJ.3:Transferfunctionsfor 2-D (radial)GMT filters

1R. Bracewell, TheFourier Transformandits Applications, McGraw-Hill, London,444p.,1965.



APPENDIXK. THE GMT HIGH-RESOLUTIONCOASTLINE DATA 98

K. The GMT High-ResolutionCoastlineData

Startingwith version3.0, useacompletelynew coastlinedatabaseandthepscoast utility wasbeen
completelyrewritten to handlethe new file format. Many usershave asked us why it hastaken so long
for to usea high-resolutioncoastlinedatabase;afterall, suchdatahave beenavailablein thepublic
domainfor years.To answersuchquestionswe will take you alongtheroadthatstartswith thesepublic
domaindatasetsandendsup with thedatabaseusedby .

K.1 Selectingthe right data

Therearetwo well-known public-domaindatasetsthat could be usedfor this purpose.Onceis known
astheWorld DataBankII or CIA DataBank(WDB) andcontainscoastlines,lakes,political boundaries,
andrivers. Theother, theWorld VectorShoreline(WVS) only containsshorelinesbetweensaltwaterand
land(i.e., no lakes). It turnsout that theWVS datais far superiorto theWDB dataasfar asdataquality
goes,but asnotedit lackslakes,not to mentionriversandborders.We decidedto usetheWVS whenever
possibleandsupplementit with WDB data.We got thesedataover theInternet;they arealsoavailableon
CD-ROM from theNationalGeophysicalDataCenterin Boulder, Colorado1.

K.2 Format required by GMT

In order to paint continentsor oceansit is necessarythat the coastlinedatabe organizedin polygons
that may be filled. Simple line segmentscan be usedto draw the coastline,but for painting polygons
arerequired. Both the WVS andWDB dataconsistsof unsortedline segments:thereis no information
includedthat tells you which segmentsbelongto the samepolygon(e.g.,Australiashouldbe onelarge
polygon).In addition,polygonsenclosinglandmustbedifferentiatedfrom polygonsenclosinglakessince
they will needdifferentpaint.Finally, we wantpscoast to beflexible enoughthatit canpaintthelandor
theoceansor both. If just land(or oceans)is selectedwedo not wantto paintthoseareasthatarenot land
(or oceans)sincepreviousplot programsmayhave drawn in thoseareas.Thus,we will needto combine
polygonsinto new polygonsthat lendthemselvesto fill land(or oceans)only (Notethatolderversionsof
pscoast alwayspaintedlakesandwipedout whateverwasplottedbeneath).

K.3 The long and winding road

TheWVS andWDB togetherrepresentmorethan100Mb of binarydataandsomethinglike20million data
points.Hence,it becomesobviousthatany manipulationof thesedatamustbeautomated.For instance,the
reasonablerequirementthatnocoastlineshouldcrossanothercoastlinebecomesacomplicatedprocessing
step.

1. To begin,wefirst madesurethatall datawere“clean”, i.e. thattherewerenooutliersandbadpoints.
We hadto write several programsto ensuredataconsistency andremove “spikes” andbadpoints
from the raw data. Also, crossingsegmentswere automatically“trimmed” provided only a few
pointshadto bedeleted.A few hundredmorecomplicatedcaseshadto beexaminedsemi-manually.

2. Programswerewritten to examineall the loosesegmentsanddeterminewhich segmentsshouldbe
joined to producepolygons. Becausenot all segmentsjoined exactly (therewere non-zerogaps
betweensomesegments)we hadto find all possiblecombinationsandchoosethe simplestcombi-
nations.The WVS segmentsjoined to producemorethan200,000polygons,the largestbeingthe
Africa-Eurasiapolygonwhich has1.4million points.TheWDB dataresultedin a smallerdatabase
( ? 25%of WVS).

1www.ngdc.noaa.gov
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3. We now neededto combinethe WVS andWDB databases. The main problemhereis that we
have duplicatesof polygons:mostof thefeaturesin WVS arealsoin WDB. However, becausethe
resolutionof thedatadiffer it is nontrivial to figureoutwhichpolygonsin WDB to includeandwhich
onesto ignore. We usedtwo techniquesto addressthis problem. First, we looked for crossovers
betweenall possiblepairsof polygons.Becauseof thecrossoverprocessingin step1 aboveweknow
thattherearenoremainingcrossoverswithin WVS andWDB; thusany crossoverswouldbebetween
WVS and WDB polygons. Crossovers could meantwo things: (1) A slightly misplacedWDB
polygoncrossesa moreaccurateWVS polygon,both representingthe samegeographicfeature,or
(2) a misplacedWDB polygon(e.g. a small coastallake) crossestheaccurateWVS shoreline.We
distinguishedbetweenthesecasesby comparingtheareaandcentroidof thetwo polygons.In almost
all casesit wasobviouswhenwe hadduplicates;a few caseshadto becheckedmanually. Second,
on many occasionsthe WDB duplicatepolygondid not crossits WVS counterpartbut waseither
entirelyinsideor outsidetheWVS polygon.In thosecaseswe reliedon thearea-centroidtests.

4. While thelargestpolygonswereeasyto identify by visual inspection,themajority remainunidenti-
fied. Sinceit is importantto know whethera polygonis a continentor a smallpondinsideanisland
insidea lake we wroteprogramsthatwould determinethehierarchicallevel of eachpolygon.Here,
level = 1 representsocean/landboundaries,2 is land/lakesborders,3 is lakes/islands-in-lakes,and4
is islands-in-lakes/ponds-in-islands-in-lakes.Level 4 wasthehighestlevel encounteredin thedata.
To automaticallydeterminethehierarchicallevelswewroteprogramsthatwouldcompareall possi-
ble pairsof polygonsandfind how many polygonsa givenpolygonwasinside.Becauseof thesize
andnumberof thepolygonssuchprogramswould typically run for 3 daysonaSparc-2workstation.

5. Oncewe know what type a polygon is we canenforcea common“orientation” for all polygons.
We arrangedthemsothatwhenyou movealonga polygonfrom beginningto end,your left handis
pointingtoward“land”. At this stepwe alsocomputedtheareaof all polygonssincewe would like
theoptionto plot only featuresthatarebiggerthana minimumareato bespecifiedby theuser.

6. Obviously, if youneedto makeamapof Denmarkthenyoudonotwantto readtheentire1.4million
pointsmakingup the Africa-Eurasiapolygon. Furthermore,mostplotting deviceswill not let you
paint andfill a polygonof that sizedue to memoryrestrictions. Hence,we needto partition the
polygonssothatsmallersubsetscanbeaccessedrapidly. Likewise,if you wantto plot a world map
ona letter-sizepaperthereis noneedto plot 10million datapointsasmostof themwill plot several
timesonthesamepixelandtheoperationwouldtakeaverylongtimeto complete.Wechoseto make
5 versionson the database,correspondingto differentresolutions.Thedecimationwascarriedout
usingtheDouglas-Peucker(DP) line-reductionalgorithm2. We chosethecutoffs sothateachsubset
wasapproximately20% the sizeof the next higherresolution.The five resolutionsarecalled full,
high, intermediate,low, andcrude;they areaccessedin pscoast , gmtselect , andgrdlandmask
with the–D option3. For eachof these5 datasets(f, h, i, l, c) we specifiedanequidistantgrid (1< ,
2< , 5< , 10< , 20< ) andsplit all polygonsinto line-segmentsthateachfit insideoneof themany boxes
definedby thesegrid lines. Thus,to paint the entirecontinentof Australiawe insteadpaint many
smallerpolygonsmadeup of theseline segmentsandgridlines.Somebook-keepinghasto bedone
sincewe needto know which parentpolygonthesesmallerpiecescamefrom in orderto prescribe
thecorrectpaintor ignoreif thefeatureis smallerthanthecutoff specifiedby theuser. Theresulting
segmentcoordinateswerethenscaledto fit in shortintegerformatto preserveprecisionandwritten
in netCDFformatfor ultimateportability acrosshardwareplatforms4.

7. While we arenow backto a file of line-segmentswe arein a muchbetterpositionto createsmaller
polygonsfor painting.Two problemsmustbeovercometo correctlypaintanarea:

2Dougles,D.H., andT. K. Peucker, 1973,Algorithmsfor the reductionof thenumberof pointsrequiredto representa digitized
line or its caricature,CanadianCartographer, 10,112–122.

3Thefull andhigh resolutionfiles arein separatearchivesbecauseof their size.Not all usersmayneedthesefiles astheinterme-
diatedatasetis betterthanthedataprovidedwith version2.1.4.

4If you needcompletepolygonsin a simplerformat,seethearticleon GSHHS(Wessel,P., andW. H. F. Smith,1996,A Global,
self-consistent,hierarchical,high-resolutionshorelinedatabase,J. Geophys.Res.101, 8741–8743).
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D We mustbeableto join line segmentsandgrid cell bordersinto meaningfulpolygons;how we
do this will dependon whetherwe wantto paintthelandor theoceans.D We want to nestthepolygonsso thatno paint falls on areasthatare“wet” (or “dry”); e.g.,if
a grid cell completelyon landcontainsa lake with a small island,we do not wantto paint the
lake andthendraw theisland,but paint theannulusor “donut” that is representedby the land
andlake,andthenplot theisland.

usesa polygon-assemblyroutinethatcarriesout thesetaskson thefly.

K.4 The FiveResolutions

We will demonstratethepower of thenew databaseby startingwith a regionalhemispheremapcentered
nearPapuaNew Guineaandzoomin on a specifiedpoint. Themapregionswill bespecifiedin projected
km from the projectioncenter, e.g., we may want the map to go from -2000 km to +2000 km in the
longitudinaldirectionand-1500km to +1500km in the latitudinal direction. However, programs
expectsdegreesin the–R optionthatspecifiesthedesiredregion. Giventhechosenmapprojectionwecan
automatethis processby usinga simplecshellscriptthatwecall getbox:

range=‘(echo $2 $4; echo $3 $5) | mapproject $1 -R0/360/-90/90 -I -Fk -C‘
echo $range | awk ’{printf "-R%f/%f/%f/%fr\n",$1,$2,$3,$4}’

Also, aswezoomin on theprojectioncenterwewantto draw theoutlineof thenext mapregionon the
plot. To do thatwe needthegeographicalcoordinatesof the four cornersof theregion rectangle.Again,
we automatethis taskby addingthesimplescriptgetrect:

(echo $2 $4; echo $3 $4; echo $3 $5; echo $2 $5) | mapproject $1 -R0/360/-90/90 -I -Fk -C

K.4.1 The crude resolution(–Dc)

We begin with an azimuthalequidistantmapof the hemispherecenteredon 130< 21’E, 0< 12’S, which is
slightly westof New Guinea,neartheStraitof Dampier. Theedgesof themapareall 9000km truedistance
from the projectioncenter. At this scale(andfor global maps)the cruderesolutiondatawill usuallybe
adequateto capturethemaingeographicfeatures.To avoid clutteringthemapwith insignificantdetailwe
only plot features(i.e., polygons)thatexceed500km2 in area.Smallerfeatureswould only occupy a few
pixels on the plot andmake the maplook “dirty”. We alsoaddnationalbordersto the plot. The crude
databaseis heavily decimatedandsimplifiedby theDP-routine:Thetotal file sizeof thecoastlines,rivers,
andbordersis only 286Kbytes.Theplot is producedby thecommand(thebox indicatestheoutlineof the
next map):

#!/bin/sh
# $Id: GMT_App_K_1.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#
gmtset GRID_CROSS_SIZE 0 OBLIQUE_ANOTATION0 WANT_EURO_FONTFALSE
pscoast ‘./getbox -JE130.35/-0.2/1i -9000 9000 -9000 9000‘ -JE130.35/-0.2/3.5i -P -Dc \

-A500 -G200 -W0.25p -N1/0.25tap -B20g20WSne -K \
| egrep -v ’\(80\\312|\(100\\312|\(120\\312|\(140\\312|\(160 \\ 312|\(18 0\\312’ > GMT_App_K_1.ps

./getrect -JE130.35/-0.2/1i -2000 2000 -2000 2000 | psxy -R -JE130.35/-0.2/3.5i -O -W1.5p -L -A \
>> GMT_App_K_1.ps

Here,theegrep commandwasusedto removesomelongitudinalannotationsnearthepolesthatother-
wisewouldoverprint5.

5If this is confusing,remove theegrep commandandview theresult.
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FigureK.1: Mapusingthecruderesolutioncoastlinedata

K.4.2 The low resolution(–Dl)

We have now reducedthemapareaby zoomingin on themapcenter. Now, theedgesof themapareall
2000km true distancefrom the projectioncenter. At this scalewe choosethe low resolutiondatathat
faithfully reproducethe dominantgeographicfeaturesin the region. We cut backon minor featuresless
than100 km2 in area. We still addnationalbordersto the plot. The low databaseis lessdecimatedand
simplified by the DP-routine:The total file sizeof the coastlines,rivers,andborderscombinedgrows to
876Kbytes;it is thedefault resolutionin . Theplot is generatedby thecommand:

#!/bin/sh
# $Id: GMT_App_K_2.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#
pscoast ‘./getbox -JE130.35/-0.2/1i -2000 2000 -2000 2000‘ -JE130.35/-0.2/3.5i -P -Dl -A100 -G200 \

-W0.25p -N1/0.25tap -B10g5WSne -K > GMT_App_K_2.ps
./getrect -JE130.35/-0.2/1i -500 500 -500 500 | psxy -R -JE130.35/-0.2/3.5i -O -W1.5p -L -A \

>> GMT_App_K_2.ps

K.4.3 The intermediate resolution(–Di)

We continueto zoomin on themapcenter. In this map,theedgesof themapareall 500km truedistance
from theprojectioncenter. We abandonthelow resolutiondatasetasit would look too jaggedat thisscale
and insteademploy the intermediateresolutiondatathat faithfully reproducethe dominantgeographic
featuresin theregion. This time,we ignorefeatureslessthan20 km2 in area.Althoughthescriptstill asks
for nationalbordersnoneexist within our region. Theintermediatedatabaseis moderatelydecimatedand
simplified by the DP-routine: The combinedfile sizeof the coastlines,rivers,andbordersnow exceeds
3.28Mbytes.Theplot is generatedby thecommands:

#!/bin/sh
# $Id: GMT_App_K_3.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#
pscoast ‘./getbox -JE130.35/-0.2/1i -500 500 -500 500‘ -JE130.35/-0.2/3.5i -P -Di -A20 -G200 \
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FigureK.2: Mapusingthelow resolutioncoastlinedata

-W0.25p -N1/0.25tap -B2g1WSne -K > GMT_App_K_3.ps
./getrect -JE130.35/-0.2/1i -100 100 -100 100 | psxy -R -JE130.35/-0.2/3.5i -O -W1.5p -L -A \

>> GMT_App_K_3.ps

K.4.4 The high resolution(–Dh)

The relentlesszoomingcontinues! Now, the edgesof the map are all 100 km true distancefrom the
projectioncenter. We stepup to the high resolutiondataset as it is neededto accuratelyportray the
detailedgeographicfeatureswithin theregion. Becauseof thesmallscaleweonly ignorefeatureslessthan
1 km2 in area. The high resolutiondatabasehasundergoneminor decimationandsimplificationby the
DP-routine:Thecombinedfile sizeof thecoastlines,rivers,andbordersnow swellsto 12.2Mbytes. The
mapandthefinal outlinebox aregeneratedby thesecommands:

#!/bin/sh
# $Id: GMT_App_K_4.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#
pscoast ‘./getbox -JE130.35/-0.2/1i -100 100 -100 100‘ -JE130.35/-0.2/3.5i -P -Dh -A1 -G200 \

-W0.25p -N1/0.25tap -B30mg10mWSne -K > GMT_App_K_4.ps
./getrect -JE130.35/-0.2/1i -20 20 -20 20 | psxy -R -JE130.35/-0.2/3.5i -O -W1.5p -L -A \

>> GMT_App_K_4.ps

K.4.5 The full resolution(–Df)

We now arrive at our final plot, which shows a detailedview of the westernsideof the small islandof
Waigeo.Themapareais approximately40by 40km. Wecall uponthefull resolutiondatasetto portraythe
richnessof geographicdetailwithin this region;no featuresareignored.Thefull resolutionhasundergone
nodecimationandit shows: Thecombinedfile sizeof thecoastlines,rivers,andborderstotalsahefty55.7
Mbytes.Ourfinal mapis reproducedby thesinglecommand:
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FigureK.3: Mapusingtheintermediateresolutioncoastlinedata

129˚ 30' 130˚ 00' 130˚ 30' 131˚ 00'

-1˚ 00'

-0˚ 30'

0˚ 00'

0˚ 30'

FigureK.4: Mapusingthehigh resolutioncoastlinedata
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FigureK.5: Mapusingthefull resolutioncoastlinedata

#!/bin/sh
# $Id: GMT_App_K_5.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#
pscoast ‘./getbox -JE130.35/-0.2/1i -20 20 -20 20‘ -JE130.35/-0.2/3.5i -P -Df -G200 -W0.25p \

-N1/0.25tap -B10mg2mWSne > GMT_App_K_5.ps

We hopeyou will studytheseexamplesto enableyou to make efficentandwiseuseof this vastdata
set.
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L. GMT on non-UNIX platforms

L.1 Intr oduction

While canbeportedto non-UNIX systemssuchasWindows andMacOS,it is alsotrue thatoneof
the strengthsof lies its symbioticrelationshipwith UNIX. We thereforerecommendthat be
installedin a POSIX-compliantUNIX PCenvironmentsuchasLinux (PC)or MkLinux (Mac). Thereare
alsocommercialproductsfor PCs(e.g.,Interix [formerly OpenNT]1) andMacs(e.g.,MachTen2) thatwill
provideaPOSIXenvironmentwithout rebootinginto UNIX. Installationof underInterix or Machten
is no differentthanunderotherPOSIXUNIXsystems.

However, if youown aPCandneedapublicdomain,no-costsolutionotherthanLinux youhavea few
additionaloptions.At thetimeof this writing they include

1. Install underCygwin (A GNU port to Windows).

2. Install underDJGPP(anotherGNU port to Windows/DOS).

3. Install directlyusingMicrosoftC/C++or othercompilers.

Unlike thefirst two, thelatterwill not provideyou with any UNIX toolssoyouwill belimited to what
youcando with DOSbatchfiles.

L.2 Cygwin and GMT

Because worksbestin conjugationwith UNIX toolswe suggestyou install usingtheCygwin
productfrom Cygnus(now assimilatedby Redhat,Inc.). Notetherearetwo versions:Oneis commercially
availableandcontainsa few moretools,in particularthetcsh shell,but is only availablefor WIndowsNT
or Windows 2000. The otheris the free versionfor any Windows versionandit usesthe BourneAgain
shell bash. Herewe will assumeyou have the free versionandwill be usingthis shell. You alsohave
accessto moststandardGNU developmenttoolssuchascompilersandtext processingtools(awk , grep,
sed, etc.). If you dontmind learningbash scripting3 you canwrite any typeof scripts(The
examplesalsocomein bash form).

Follow theinstructionson theCygwin page4 on how to install theexecutables;it takesaneffort not to
do thiscorrectly.

Onceyou areup andrunningunderCygwin, you may install the sameway you do underany
otherUNIX platformby eitherrunningtheautomatedinstallvia install gmt or manuallyrunningconfigure
first, thentypemakeall. For detailsseethegeneralREADME file. After installingyoushouldmakea few
changesto thesetup:

1. In Windows/DOS,set the two environmentalvariablesHOME andGMTHOME to point to your
“home”directorywhile runningCygwinandtheGMT installdirectory. Thesetwo parametersshould
bedefinedin theautoexec.batfile andcouldbesomethinglike5

D SET HOME=C:E USERD SET GMTHOME=C:E GMT

UnderWindowsNT or 2000you settheseenvironmentalparametersvia theSystemcontrolpanel.

2. In this homedirectory, make thefile .bashrcwhereyouplacea few definitions:
1www.interix.com
2www.tenon.com
3O’Reilly & Associates,Inc hasasuitablebook,Learningthebashshell(ISBN 1-56592-347-2).
4sources.redhat.com/cygwin
5PleasechangeUSERto youractualhomedirectory, andGMT to theactualGMT install directory.
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D HOME=//C/USERD GMTHOME=//C/GMT

L.3 DJGPPand GMT

DJGPP6 is similar to Cygwin in that it providesprecompiledUNIX tools for DOS/WIN32,including the
bash shell. At the time of this writing we have not beensuccessfulin compiling netCDFin this envi-
ronment. This is fully dueto our limited understandingof the innardsof the netCDFinstallationwhose
configurescript did not work for us. As soonas this problemis overcomewe expect a smoothinstall
similar to thatof Cygwin.

L.4 WIN32 and GMT

will compileandinstallusingtheMicrosoftVisualC/C++compiler. WeexpectotherWIN32 C com-
pilersto givesimilar results.Sinceconfigure cannotberun you mustmanuallyrenamegmt notposix.h.in
to gmt notposix.h. ThenetCDFhomepagegivesfull informationon how to compileandinstall netCDF;
precompiledlibrariesarealsoavailable.At presentwesimplyhavea lamegmtinstall.batfile thatcompiles
theentire package,andgmtsuppl.batwhichcompilesmostof thesupplementalprograms.If you just
needto run anddo not wantto messwith compilations,gettheprecompiledbinariesfrom the
ftp sites.

L.5 OS/2and GMT

hasbeenportedto OS/2by Allen Cogbill7, LosAlamosNationalLaboratory. OnemusthaveEMX8

installedin order to usethe executables.All featuresthat arepresentin the UNIX versionof are
availablein the OS/2version. All executablesmay be obtainedusinglinks in the following document9,
which providesmoredetailon theport.

L.6 MacOSand GMT

hasnotbeenportedto theclassicalMacintoshplatform(i.e. MacOS9.x or earlier).For thatOSyour
only optionis MachTen.However, will install directlyunderMacOSX.

6Seewww.gnu.org for details.
7mailto:ahc@lanl.gov
8ftp://ftp.geophysics.lanl.gov/pub/EES3/pub/gmt/emxrt.zip
9ftp://ees.lanl.gov/pub/EES3/pub/gmt/gmt4os2.html



Index

Symbols
.gmt io . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
.gmtdefaults. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
@,printing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
$AWK . . . . . . . . . . . . . . 49,52,58,60,62,70,73
–: (input is yF x, not x F y) . . . . . . . . . . . . . . . . . 8, 10
–B (setanotationsandticks) . . . . . . . . . . . . . 8, 10
–GP –Gp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
–H (headerrecords). . . . . . . . . . . . . . . . . .8, 10,11
–Jb –JB (Albers). . . . . . . . . . . . . . . . . . . . . . . 8, 22
–Jd –JD (Equidistantconic). . . . . . . . . . . . . . . .24
–Jl –JL (Lambertconic). . . . . . . . . . . . . . . . .8, 23
–J (setmapprojection). . . . . . . . . . . . . . . . . . 8, 10
–K (continueplot) . . . . . . . . . . . . . . . . . . . 8, 10,12
–O (overlayplot) . . . . . . . . . . . . . . . . . . . . 8, 10,12
–P (portraitorientation). . . . . . . . . . . . . . 8, 10,12
–R (setregion). . . . . . . . . . . . . . . . . . . . . . . . . .8, 10
–U (plot timestamp). . . . . . . . . . . . . . . . . . . . . 8, 10
–V (verbosemode). . . . . . . . . . . . . . . . . . 8, 10,11
–X (shift plot in x) . . . . . . . . . . . . . . . . . . . . . . 8, 10
–Y (shift plot in y) . . . . . . . . . . . . . . . . . . . . . . 8, 10
–Ja –JA (Lambertazimuthal). . . . . . . . .8, 25–26
–Jc –JC (Cassini). . . . . . . . . . . . . . . . . . . 8, 37–38
–Je–JE (Azimuthalequidistant). . . . . . 8, 29–30
–Jf –JF (Gnomonic). . . . . . . . . . . . . . . . . 8, 30–31
–Jg–JG (Orthographic). . . . . . . . . . . . . . . . . 8, 29
–Jh –JH (Hammer). . . . . . . . . . . . . . . . . . . . . 8, 42
–Ji –JI (Sinusoidal). . . . . . . . . . . . . . . . . .8, 46–47
–Jj –JJ (Miller) . . . . . . . . . . . . . . . . . . . . . . . . 8, 40
–Jk –JK (Eckert IV andVI) . . . . . . . . . . . . . 8, 45
–Jm –JM (Mercator). . . . . . . . . . . . . . . . 8, 33–34
–Jn –JN (Robinson). . . . . . . . . . . . . . . . . 8, 44–45
–Jo –JO (ObliqueMercator). . . . . . . . . .8, 36–37
–Jp –JP (Polar(θ F r) projections). . . . . 8, 20–21
–Jq –JQ (Cylindrical equidistant). . . . . 8, 38–39
–Jr –JR (Winkel Tripel) . . . . . . . . . . . . . 8, 43–44
–Js–JS(Stereographic). . . . . . . . . . . . . . 8, 26–29
–Jt –JT (TransverseMercator). . . . . . . .8, 34–35
–Ju –JU (UTM) . . . . . . . . . . . . . . . . . . . . .8, 35–36
–Jv –JV (VanderGrinten). . . . . . . . . . . . . . .8, 47
–Jw –JW (Mollweide). . . . . . . . . . . . . . . 8, 42–43
–Jx –JX (Non-mapprojections). . . . . . .8, 18–20
–Jy –JY (Generalcylindrical) . . . . . . . . 8, 39–40
–bi (selectbinaryinput). . . . . . . . . . . . . . . . . . . .17
–bo (selectbinaryoutput). . . . . . . . . . . . . . . . . . 17
–c (set# of copies). . . . . . . . . . . . . . . . . . . . . . 8, 10

A
Acknowledgments. . . . . . . . . . . . . . . . . . . . . . . . . ix
Albersconicprojection–Jb –JB . . . . . . . . . 8, 22
ANSI C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

ANSI C compliant. . . . . . . . . . . . . . . . . . . . . . . . . .2
Arguments,commandline . . . . . . . . . . . . . . . . . . 9
Article

in EOS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi
in Geophysics. . . . . . . . . . . . . . . . . . . . . . . . .xi

Artificial illumination. . . . . . . . . . . . . . . 14,94–95
Attributes

fill
color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
pattern. . . . . . . . . . . . . . . . . . . . . . . . . 13,86

pen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12
color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
texture . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
width. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12

awk . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 49,94,105
Azimuthalequidistantprojection–Je–JE . . . . 8,

29–30
Azimuthalprojections. . . . . . . . . . . . . . . . . . 25–31

B
backtrac ker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
bash. . . . . . . . . . . . . . . . . . . . . . . . . . . .49,105,106
Behrmanprojection. . . . . . . . . . . . . . . . . . . . . . . 39
Binary tables. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
binlegs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .77
bloc kmean . . . . . . . . . . . . . . . . . . . . . . . . . 5, 6, 64
bloc kmedian . . . . . . . . . . . . . . . . . . . . . . . 5, 6, 64
bloc kmode . . . . . . . . . . . . . . . . . . . . . . . . . 5, 6, 64
bzip2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

C
Cartesianlinearprojection. . . . . . . . . . . .8, 18–19
Cassiniprojection–Jc –JC . . . . . . . . . . . 8, 37–38
Characters

composite. . . . . . . . . . . . . . . . . . . . . . . . . . . .14
escapesequences. . . . . . . . . . . . . . . . . . . . . 14

compositecharacter. . . . . . . . . . . . . . . . 14
octalcharacter. . . . . . . . . . . . . . . . . . . . . 14
Scandinavian . . . . . . . . . . . . . . . . . . . . . . 14
smallcaps. . . . . . . . . . . . . . . . . . . . . . . . . 14
subscript. . . . . . . . . . . . . . . . . . . . . . . . . . 14
superscript. . . . . . . . . . . . . . . . . . . . . . . . .14
switchfonts. . . . . . . . . . . . . . . . . . . . . . . .14

European. . . . . . . . . . . . . . . . . . . . . . . . . 14,93
octal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14,87

CIA DataBank. . . . . . . . . . . . . . . . . . . . . . . . . . . 98
Coastlines

preprocessing. . . . . . . . . . . . . . . . . . . . 98–100
resolution

crude. . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
full . . . . . . . . . . . . . . . . . . . . . . . . . . 102–104

107



INDEX 108

high. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .102
intermediate. . . . . . . . . . . . . . . . . .101–102
low . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

Color. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94–95
fill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
HSV system. . . . . . . . . . . . . . . . . . . . . . 94–95
palettetables. . . . . . . . . . . . . . . . . . . . . .13–14
pen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12
RGBsystem. . . . . . . . . . . . . . . . . . . . . . 94–95

Commandline
arguments. . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
history. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10
standardizedoptions. . . . . . . . . . . . . . . . . . 10

Compliance
ANSI C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
POSIX. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
Y2K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2

Compositecharacters. . . . . . . . . . . . . . . . . . . . . . 14
configure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
Conicprojections. . . . . . . . . . . . . . . . . . . . . . 22–24
convert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
Copyright . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xii
cpsdecode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .76
cpsencode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .76
cpt file . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13–14
csh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
cut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Cygwin. . . . . . . . . . . . . . . . . . . . . . . . . . . . .105–106
Cylindricalprojections. . . . . . . . . . . . . . . . . 33–40

D
dat2gmt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .77
Dimensions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
DJGPP. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .106
do examples. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Draw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

E
Eckert IV andVI projection–Jk –JK . . . . . 8, 45
egrep . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
Embeddedgrdfile format. . . . . . . . . . . . . . . . . . .15
EOSarticle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi
EPSfile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
epstool . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
Equidistantconicprojection–Jd –JD . . . . . 8, 24
Equidistantcylindrical projection–Jq –JQ . . . 8,

38–39
Errormessages. . . . . . . . . . . . . . . . . . . . . . . . . . . .10
Escapesequences

characters. . . . . . . . . . . . . . . . . . . . . . . . . . . .14
Europeancharacters. . . . . . . . . . . . . . . . . . . . . . . 14
Example

3-D RGBcolor cube. . . . . . . . . . . . . . .60–62
3-D histogram. . . . . . . . . . . . . . . . . . . . 57–58

3-D illuminatedsurface. . . . . . . . . . . . 54–55
3-D meshplot. . . . . . . . . . . . . . . . . . . . .53–54
bargraph. . . . . . . . . . . . . . . . . . . . . . . . . 59–60
colorpatterns. . . . . . . . . . . . . . . . . . . . . 70–71
contourmaps. . . . . . . . . . . . . . . . . . . . . . . . .49
custommapsymbols. . . . . . . . . . . . . . 72–74
gridding. . . . . . . . . . . . . . . . . . . . . . . . . . 67–68
griddingandtrendsurfaces. . . . . . . . .64–65
gridding,contouring,andmasking. . 65–66
histograms. . . . . . . . . . . . . . . . . . . . . . . .55–56
imageclipping. . . . . . . . . . . . . . . . . . . . 68–69
imagepresentations. . . . . . . . . . . . . . . 50–51
locationmap. . . . . . . . . . . . . . . . . . . . . .56–57
spatialselections. . . . . . . . . . . . . . . . . . 69–70
Spectralestimation. . . . . . . . . . . . . . . . 51–53
triangulation. . . . . . . . . . . . . . . . . . . . . . 62–63
vectorfields . . . . . . . . . . . . . . . . . . . . . . 63–64
wiggles. . . . . . . . . . . . . . . . . . . . . . . . . . 58–59
xy plots. . . . . . . . . . . . . . . . . . . . . . . . . . 51–53

F
Fill

attributes
color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
pattern. . . . . . . . . . . . . . . . . . . . . . . . . 13,86

filter1d . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 6, 79,96
fitcir cle . . . . . . . . . . . . . . . . . . . . . . . . . .5, 7, 51,52
Font

standard. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
switchingto a . . . . . . . . . . . . . . . . . . . . . . . . 14
symbol. . . . . . . . . . . . . . . . . . . . . . . . . . . 14,87

FreedomOfPress. . . . . . . . . . . . . . . . . . . . . . . . . 92
Freehand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

G
Gall projection. . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Generalcylindrical projection–Jy –JY 8, 39–40
GeographicLinearprojection. . . . . . . . . . . . 8, 20
Geophysicsarticle. . . . . . . . . . . . . . . . . . . . . . . . . xi
getbox. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .100
getrect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
ghostscript . . . . . . . . . . . . . . . . . . . . . . . . . 3, 83,84
ghostview . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84,92

binariesfor Win32. . . . . . . . . . . . . . . . . . . . 85
coastlines. . . . . . . . . . . . . . . . . . . . . . . 98–100
compilewith Microsoft C/C++. . . . . . . .105
defaults. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
homepage. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
MacsrunningMachTen. . . . . . . . . . . . . . 105
MacsrunningMkLinux . . . . . . . . . . . . . . 105
Mailinglists. . . . . . . . . . . . . . . . . . . . . . . . 4, 75
obtaining. . . . . . . . . . . . . . . . . . . . . . . . . . 4, 85
on 4mmtape. . . . . . . . . . . . . . . . . . . . . . . . . . 4



INDEX 109

on 8 mm tape. . . . . . . . . . . . . . . . . . . . . . . . . .4
on CD-ROM . . . . . . . . . . . . . . . . . . . . . . . . . . 4
on non-UNIX platforms. . . . . . . . . . . . . . 105
overview . . . . . . . . . . . . . . . . . . . . . . . . . . . 5–6
PCsrunningInterix . . . . . . . . . . . . . . . . . . 105
PCsrunningLinux. . . . . . . . . . . . . . . . . . .105
quick reference. . . . . . . . . . . . . . . . . . . . . .6–8
supplementalpackages. . . . . . . . . . . . . . . . 76
underCygwin . . . . . . . . . . . . . . . . . . 105–106
underDJGPP. . . . . . . . . . . . . . . . . . . . . . . 106
underMacOS. . . . . . . . . . . . . . . . . . . . . . . 106
underO/S2. . . . . . . . . . . . . . . . . . . . . . . . . 106
underWin32. . . . . . . . . . . . . . . . . . . . . . . . 106
units. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9

gmt2dat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .77
gmtcon ver t . . . . . . . . . . . . . . . . . . . . . . . . .5, 7, 65
gmtdefaults . . . . . . . . 5, 7, 9, 11,15,18,84,90
gmtdigitiz e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
gmtinf o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
gmtlegs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
gmtlist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
gmtmath . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 7, 18
gmtpath . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .77
gmtselect . . . . . . . . . . . . . . . . . . . .5, 7, 69,70,99
gmtset . . . . . . . . . . . . . . . . . . . . . . . . 5, 7, 9, 92,93
gmttrac k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Gnomonicprojection–Jf –JF. . . . . . . . .8, 30–31
grd2cpt . . . . . . . . . . . . . . . . . . . . . . . . . 5, 7, 51,93
grd2xyz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 7
grdclip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 7
grdcontour . . . . . . . . . . . . . . . . . . 5, 6, 21,49,67
grdcut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 7, 67
grdedit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 7, 79
grdfft . . . . . . . . . . . . . . . . . . . . . . . . . . . .5, 7, 67,96
grdfile

boundaryconditions. . . . . . . . . . . . . . . 81–82
default . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
geographical. . . . . . . . . . . . . . . . . . . . . . . 81
periodic. . . . . . . . . . . . . . . . . . . . . . . . . . . 81

contents. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
embeddedformat. . . . . . . . . . . . . . . . . .15–17
formats. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

bits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
customformat . . . . . . . . . . . . . . . . . . . . . 15
floats. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15
netCDF. . . . . . . . . . . . . . . . . . . . . . . . . . . 15
rasterfile. . . . . . . . . . . . . . . . . . . . . . . . . . .15
shorts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
unsignedchar. . . . . . . . . . . . . . . . . . . . . . 15

registration. . . . . . . . . . . . . . . . . . . . . . . 80–81
grid line . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
pixel . . . . . . . . . . . . . . . . . . . . . . . . . . . 80–81

suffix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
grdfilter . . . . . . . . . . . . . . . . . . . . . . . . . 5, 6, 67,96

grdgradient . . . . . . . 5, 7, 14,51,54,55,81,93
grdhisteq . . . . . . . . . . . . . . . . . . . . . . . 5, 7, 14,55
grdima ge . . . . . . 5, 6, 14,50,51,67–70,80,94
grdinf o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 7, 66
grdinf o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
grdlandmask . . . . . . . . . . . . . . . . . . . . . . . 5, 7, 99
grdmask . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 7
grdmath . . . . . . . . . . . . . . 5, 7, 21,54,55,63,70
grdpaste . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 7
grdpr oject . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 7, 80
grdraster . . . . . . . . . . . . . . . . . . . . . 50,51,53,76
grdr ead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
grdref ormat . . . . . . . . . . . . . . . . . . . . . . . . . . . .5, 7
grdsample . . . . . . . . . . . . . . . . . . .5, 7, 80,81,93
grdtrac k . . . . . . . . . . . . . . . . . . . . . . . . .5, 7, 64,81
grdtrend . . . . . . . . . . . . . . . . . . . . . . . . . . . .5, 7, 64
grdvector . . . . . . . . . . . . . . . . . . . . . . . . . . .5, 6, 63
grdview . . . . . . . . . . . . . . . 5, 6, 14,54,55,67,81
grdvolume . . . . . . . . . . . . . . . . . . . . . . 5, 7, 69,70
grdwrite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Greatcircle. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
grep. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3, 105
GSHHS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
gshhs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
gshhsdp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .76
gshhstograss. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
gzip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

H
Hammerprojection–Jh –JH . . . . . . . . . . . . . 8, 42
Headerrecord–H . . . . . . . . . . . . . . . . . . . . . . . . . 11
Hemispheremap. . . . . . . . . . . . . . . . . . . . . . . . . . 26
History, commandline. . . . . . . . . . . . . . . . . . . . .10
hotspotter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

I
Illumination,artificial. . . . . . . . . . . . . . .14,94–95
Illustrator . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11,84
img2mer cgr d . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
Input

binary–bi . . . . . . . . . . . . . . . . . . . . . . . . . . . .17
standard. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

install gmt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .105
IslandDraw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

L
L-DEO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Lambertazimuthalprojection–Ja –JA 8, 25–26
Lambertconicprojection–Jl –JL . . . . . . . . 8, 23
Lambertcylindrical projection. . . . . . . . . . . . . .39
Lamont-DohertyEarthObservatory. . . . . . . . . . 2
Landscapeorientation. . . . . . . . . . . . . . . . . . . . . 12
Linearprojection. . . . . . . . . . . . . . . . . . . . 8, 18–19
Logarithmicprojection. . . . . . . . . . . . . . . . . . 8, 19



INDEX 110

Loxodrome. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

M
MacOSand . . . . . . . . . . . . . . . . . . . . . . . . 106
Mailinglists . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 75
makecpt . . . . . . . . . . . . . . . . . . . . . 5, 7, 51,70,93
makepattern . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
man . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
mappr oject . . . . . . . . . . . . . . . . . . . . . . . . .5, 7, 73
Mercatorprojection–Jm –JM . . . . . . . . 8, 33–34
Messages

error. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10
syntax. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
usage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10

mgd77togmt . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Miller cylindrical projection–Jj –JJ . . . . . . 8, 40
minmax . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 7, 52
Miscellaneousprojections. . . . . . . . . . . . . . 42–47
Mollweideprojection–Jw –JW . . . . . . .8, 42–43

N
nawk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
nearneighbor . . . . . . . . . . . . . . . . . . . 5, 7, 65,81
netCDF. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
netCDF, obtaining. . . . . . . . . . . . . . . . . . . . . . . . .85

O
O/S2and . . . . . . . . . . . . . . . . . . . . . . . . . . 106
ObliqueMercatorprojection–Jo –JO . 8, 36–37
Octalcharacters. . . . . . . . . . . . . . . . . . . . . . . 14,87
openwin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Orientation

landscape. . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
of plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
portrait–P . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

originator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Orthographicprojection–Jg–JG . . . . . . . . .8, 29
Output

binary–bo . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
error. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11
standard. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

Overlayplot –O –K . . . . . . . . . . . . . . . . . . . . . . . 12

P
pageview . . . . . . . . . . . . . . . . . . . . . . . . . .84,91–93
paste . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Pattern. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
fill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

Pen
color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
settingattributes. . . . . . . . . . . . . . . . . . . . . . 12
texture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12
width. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12

Petersprojection. . . . . . . . . . . . . . . . . . . . . . . . . . 39
Plot

continue–O –K . . . . . . . . . . . . . . . . . . . . . . 12
orientation. . . . . . . . . . . . . . . . . . . . . . . . . . . 12
overlay–O –K . . . . . . . . . . . . . . . . . . . . . . . 12

Polar(θ F r) projection. . . . . . . . . . . . . . . . 8, 20–21
Portraitorientation–P . . . . . . . . . . . . . . . . . . . . . 12
POSIX. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
POSIXcompliant. . . . . . . . . . . . . . . . . . . . . . . . . . 2
PostScript. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

hints. . . . . . . . . . . . . . . . . . . . . . . . . . . 93
CMYK andRGB. . . . . . . . . . . . . . . . . . . . . 92
driverbugs. . . . . . . . . . . . . . . . . . . . . . . . . . . 91
encapsulated(EPS). . . . . . . . . . . . . . . . . . . 84
features. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11
HP Laserjet4M bug. . . . . . . . . . . . . . . . . . .91
limitations. . . . . . . . . . . . . . . . . . . . . . . . . . . 91
resolutionanddpi. . . . . . . . . . . . . . . . . . . . .92
Sunpageview . . . . . . . . . . . . . . . . . . . . . . . . 91
SunSPARCprinterbug. . . . . . . . . . . . . . . . 91

Power (exponential)projection. . . . . . . . . . . 8, 19
project . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 7, 51,52
Projection

azimuthal. . . . . . . . . . . . . . . . . . . . . . . . .25–31
equidistant. . . . . . . . . . . . . . . . . . . 8, 29–30
gnomonic. . . . . . . . . . . . . . . . . . . . 8, 30–31
Lambert. . . . . . . . . . . . . . . . . . . . . 8, 25–26
orthographic. . . . . . . . . . . . . . . . . . . . . 8, 29
polar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
stereographic. . . . . . . . . . . . . . . . .8, 26–29

conic. . . . . . . . . . . . . . . . . . . . . . . . . . . . .22–24
Albers–Jb –JB . . . . . . . . . . . . . . . . . . 8, 22
Equidistant–Jd –JD . . . . . . . . . . . . . 8, 24
Lambert–Jl –JL . . . . . . . . . . . . . . . . . 8, 23

cylindrical . . . . . . . . . . . . . . . . . . . . . . . . 33–40
Cassini–Jc –JC . . . . . . . . . . . . . . 8, 37–38
equidistant–Jq –JQ . . . . . . . . . . 8, 38–39
general–Jy –JY . . . . . . . . . . . . . . 8, 39–40
Mercator–Jm –JM . . . . . . . . . . . 8, 33–34
Miller –Jj –JJ . . . . . . . . . . . . . . . . . . . 8, 40
obliqueMercator–Jo –JO . . . . .8, 36–37
transverseMercator–Jt –JT . . . 8, 34–35
UTM –Ju –JU . . . . . . . . . . . . . . . 8, 35–36

linear. . . . . . . . . . . . . . . . . . . . . . . . . . 8, 18–19
Cartesian. . . . . . . . . . . . . . . . . . . . 8, 18–19
geographic. . . . . . . . . . . . . . . . . . . . . . 8, 20

logarithmic. . . . . . . . . . . . . . . . . . . . . . . . 8, 19
miscellaneous. . . . . . . . . . . . . . . . . . . . .42–47

Eckert IV andVI (–Jk –JK) . . . . . . 8, 45
Hammer. . . . . . . . . . . . . . . . . . . . . . . . 8, 42
Mollweide. . . . . . . . . . . . . . . . . . . 8, 42–43
Robinson. . . . . . . . . . . . . . . . . . . . 8, 44–45
Sinusoidal(–Ji –JI) . . . . . . . . . . .8, 46–47
VanderGrinten. . . . . . . . . . . . . . . . . . . . . 8



INDEX 111

VanderGrinten(–Jv –JV) . . . . . . . . . . 47
Winkel Tripel . . . . . . . . . . . . . . . . 8, 43–44

polar(θ F r) . . . . . . . . . . . . . . . . . . . . . .8, 20–21
power (exponential). . . . . . . . . . . . . . . . 8, 19
stereographic

general. . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
rectangular. . . . . . . . . . . . . . . . . . . . . . . . 27

ps2epsi. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
psbasemap . . . . . . . . . . . . . . . . . . . . . 5, 6, 72,93
psc lip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 6
pscoast .5, 6, 18,29–31,46,49,66,68–70,91,

93,98,99
pscontour . . . . . . . . . . . . . . . . . . . . . . 5, 6, 62,67
pscoupe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
pshistogram . . . . . . . . . . . . . . . . . . . . . . . 5, 6, 55
psima ge . . . . . . . . . . . . . . . . . . . . . . . . . . . .5, 6, 13
psmask . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6, 66
psmeca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
psmegaplot . . . . . . . . . . . . . . . . . . . . . . . . . . . . .77
pspolar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
psr ose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 55
psscale . . . . . . . . . . . . . . . . . . . . . . . . 6, 13,14,51
pssegy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .77
pssegyz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .77
pste xt . . . . . . . . . . . . 6, 14,15,51,52,58,64,90
psvelo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
pswig gle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6, 58
psxy 6, 10,13,14,18,51,52,65,66,72,73,91
psxyz . . . . . . . . . . . . . . . . . . . . . . .6, 13,57,72,73

R
Rasterfile

definitions. . . . . . . . . . . . . . . . . . . . . . . . . . . 82
format. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

Record,header–H . . . . . . . . . . . . . . . . . . . . . . . . 11
Region

geographical. . . . . . . . . . . . . . . . . . . . . . . . . 25
rectangular. . . . . . . . . . . . . . . . . . . . . . . . . . .25

Relief,shaded. . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
ReversePolishNotation(RPN). . . . . . . . . . . . . 18
Robinsonprojection–Jn –JN . . . . . . . . .8, 44–45
RPN(ReversePolishNotation). . . . . . . . . . . . . 18

S
sample1d . . . . . . . . . . . . . . . . . . . . . . . 6, 7, 51,79
Scandinaviancharacters. . . . . . . . . . . . . . . . . . . .14
sed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3, 105
Shadedrelief . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
Sinusoidalprojection–Ji –JI . . . . . . . . . 8, 46–47
Sinusoidalprojection,interrupted. . . . . . . . . . . 47
Smallcaps. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14
spectrum1d . . . . . . . . . . . . . . . . . . . . . . . . 6, 7, 51
splitxyz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 7
Standardinput . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

Standardizedcommandline options. . . . . . .8, 10
Stereographicprojection–Js–JS. . . . . .8, 26–29
Stereonet

Schmidtequal-area. . . . . . . . . . . . . . . . . . . 26
Wulff equal-angle. . . . . . . . . . . . . . . . . . . . .26

Subscripts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
Superscripts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
surface . . . . . . . . . . . . . xi, 3, 6, 7, 11,64,66,67
Symbolfont . . . . . . . . . . . . . . . . . . . . . . . . . . .14,87
Syntaxmessages. . . . . . . . . . . . . . . . . . . . . . . . . . 10

T
Table

binary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
format. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

ASCII . . . . . . . . . . . . . . . . . . . . . . . . . . . . .79
binary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

multisegment. . . . . . . . . . . . . . . . . . . . . . . . .79
tcsh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
Text

escapesequences. . . . . . . . . . . . . . . . . . . . . 14
European. . . . . . . . . . . . . . . . . . . . . . . . . 14,93
subscript. . . . . . . . . . . . . . . . . . . . . . . . . . . . .14
superscript. . . . . . . . . . . . . . . . . . . . . . . . . . . 14

Texture,pen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
TransverseMercatorprojection–Jt –JT8, 34–35
trend1d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 7
trend2d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 7
triangulate . . . . . . . . . . . . . . . . . . . . . . 6, 7, 62,67
Trystan-Edwardsprojection. . . . . . . . . . . . . . . . 39
Typographicconventions. . . . . . . . . . . . . . . . . . xiii

U
Units. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
Usagemessages. . . . . . . . . . . . . . . . . . . . . . . . . . .10
UTM projection–Ju –JU . . . . . . . . . . . . 8, 35–36

V
VanderGrintenprojection–Jv –JV . . . . . . 8, 47
Verboseoperation–V . . . . . . . . . . . . . . . . . . . . . . 11

W
WDB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
Width, pen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Win32and . . . . . . . . . . . . . . . . . . . . . . . . . 106
Winkel Tripel projection–Jr –JR . . . . . 8, 43–44
Word . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x, 84
WordPerfect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
World DataBankII . . . . . . . . . . . . . . . . . . . . . . . .98
World VectorShoreline. . . . . . . . . . . . . . . . . . . . 98
WVS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

X
x2sys. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
x2sys cross . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77



INDEX 112

x2sys datalist . . . . . . . . . . . . . . . . . . . . . . . . . . 77
x edit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
x init . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
x list . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
x over . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .78
x remo ve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
x repor t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
x setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
x solve dc drift . . . . . . . . . . . . . . . . . . . . . . . . . 78
x update . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
XDR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
xgridedit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
xv . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
xyz2gr d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 7

Y
Y2K compliant. . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
Year2000compliant. . . . . . . . . . . . . . . . . . . . . . . .2


