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The GMT DocumentationProject

Startingwith GMY version3.2, all GMY documentatiorwas corvertedfrom Microsoft Word to IATEX
files. This stepwastakenfor anumberof reasons:

1. Having all the documentatiorsourceavailablein ASCII formatmalkesit easierto accessy several
GMDY developersworking on differentplatformsin differentcountries.

2. GMD scriptscannow beincludeddirectly into the text so thatthe documentations automatically
up-to-datewvhenscriptsaremodified.

3. All figuresaregenerateanthefly andincludedasaw> EPSfileswhich thusarealwaysup-to-date.
4. It is easyto corvertthelATEX filesto otherformats,suchasHTML, SGML, andPostScript

5. Thewholetaskof assemblinghe piecesbeit generatindiguresor extractingtext portionsfrom the
masterarchive underSCCScontrol,is automatedy a simplecshellscript.

6. Only freesoftwareareusedto maintainthe Gv> Documentation.

Becausehistransitionwasundertalenby acompletdATEX noviceit is lik ely thatthelayoutwill change
with time. It is alsolik ely thaterrorshave creptinto thedocumentPleasesendemailto gmt@soest.haaii.edu
if youfind ary.



A Reminder

If you feelit is appropriateyou may considerpayingus backby citing our EOSarticleson Gw> (and
perhapsalsoour Geophysicsarticle on the GMY programsurface ) whenyou publishpaperscontaining
resultsor illustrationsobtainedusingGv>. TheEOSarticleson GMY are

e Wessel,P, andW. H. F. Smith, New, improved versionof GenericMapping Tools releasedEOS
Trans.Amer GeophysU., vol. 79 (47),pp.579,1998.

e Wessel,P, andW. H. F. Smith, New versionof the GenericMapping Tools releasedEOSTrans.
Amer GeophysU., vol. 76 (33), pp. 329,1995.

e Wessel,P, andW. H. F. Smith, New versionof the GenericMapping Tools releasedEOSTrans.
Amer GeophysU. electionic supplementhttp://www.agu.og/eoselec/95154e.html] 995.

e Wessel P, andW. H. F. Smith, Freesoftwarehelpsmapanddisplaydata,EOSTrans. Amer Geo-
phys.U.,vol. 72 (41),pp. 441,445-446,1991.

Thearticlein Geophysic®n surfaceis

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

A few GVD userstake thetime to write usletters,telling us of the differenceGM? is makingin their
work. We appreciateeceving theseetters.On dayswhenwe wonderwhy we everreleasedsvd we pull
thesdettersoutandreadthem. Seriously asfinancialsupportfor GM> depend®n how well we can“sell”
theideato fundingagenciesndour superiors|etterwriting is oneareawhereGw> userscanaffectsuch
decisionduy supportingthe GVMY project.
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The GenericMappingTools (GWMD) is free software;you canredistrituteit and/ormodify it underthe
termsof the GNU GeneralPublicLicenseaspublishedby the FreeSoftware Foundation.

Theawm> packages distributedin the hopethatit will beuseful,but WITHOUT ANY WARRANTY;
without eventhe implied warrantyof MERCHANTABILITY or FITNESSFORA PARTICULAR PUR-
POSE Seethefile COPYINGin the MY directoryor the GNU GeneraPublicLicensé for moredetails.

Permissions grantedo make anddistribute verbatimcopiesof this manualprovidedthatthe copyright
noticeandtheseparagraphsrepreseredon all copies.The GMY packagamaybeincludedin a bundled
distribution of softwarefor which areasonabléee maybechaged.

The GenericMapping Tools (GMY) doesnot comewith any warrantiesnor is it guaranteedo work
onyour computer Theuserassume$ull responsibilityfor the useof this system.In particulat the School
of OceanandEarth Scienceand Technologythe National Oceanicand AtmosphericAdministration,the
National ScienceFoundation,Paul Wessel,Walter H. F. Smith, or any otherindividualsinvolvedin the
designand maintenancef GMY are NOT responsibldor any damagethat may follow from corrector
incorrectuseof theseprograms.

http://iwwwgnu.og/copyleft/gpl.html
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Typographic corventions

In readingthis documentationthe following providesa summaryof the typographiccorventionsusedin
thisdocument.

1. Userinputandawm> or UNIX commandsreindicatedby usingthetypewriter typestyle,e.g.,
chmod +x job03.csh

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

3. Thenamesf otherprogramsareindicatedby the bold, slantedtypestyle,e.g.,grep.

4. File namesareindicatedby the underlinetypestyle,e.g.,gmt.h

Xiii



CHAPTER1. PRERACE 1

1. Preface

While GMY hassened the map-makingand dataprocessingneedsof scientistssince1988', the current
global usewasheraldedby thefirst official releasen EOSTrans. AGU in the fall of 1991. Sincethen,
GM?Y hasgrown to becomea standardool for mary EarthandOcearscientists Developmenthasattimes
beenrapid,andnumerougelease$ave seenthelight of daysincethe early versions.For a history of the
changed$rom releasdo releaseseetheonlineReleaséAnnouncementandthefile CHANGESIin themain
QWD directory

The succes®f GMD is to alarge degreedueto the input of the usercommunity In fact, mostof the
capabilitiesandoptionsin GMY programsweredrivenby userrequestsWe would like to hearfrom you
shouldyou have any suggestion$or future enhancementand modification. Pleasesendyour comments
to gmt@soest.haaii.edu.

lwhenversionl.0wasreleasedit Lamont-DohertyEarthObseratory



CHAPTERZ2. INTRODUCTION 2

2. Intr oduction

Most scientistsare familiar with the sequenceraw data — processing— final illustration. In orderto
finalize papersfor submissionto scientificjournals, prepareproposals.and createoverheadsand slides
for variouspresentationgnary scientistsspendarge amountsof time andmoney to createcamera-ready
figures. This processcanbe tediousandis often donemanually sinceavailablecommercialor in-house
softwareusuallycando only part of thejob. To expeditethis processve introducethe GenericMapping
Tools (GWY for short), which is a free!, software packagethat can be usedto manipulatecolumnsof
takular data,time-seriesandgriddeddatasets,anddisplaythesedatain a variety of forms rangingfrom
simplex-y plotsto mapsandcolor, perspectie, andshaded-reliefllustrations. GWM> usesthe PostScript
pagedescriptionlanguage[Adobe Systemdnc., 1990]. With PostScript multiple plot files can easily
be superimposedo createarbitrarily complex imagesin gray tonesor 24-bit true color. Line drawings,
bitmappedimages,andtext canbe easily combinedin oneillustration. PostScriptplot files are device-
independentThe samefile canbe printedat 300 dotsperinch (dpi) on anordinarylaserwriteror at 2470
dpi onaphototypesettewhenultimatequality is needed GMY softwareis written asa setof UNIX tools?
andis totally self-containecandfully documentedThe systemis offeredfree of chageandis distributed
overthecomputemetwork (Internet)[Wesseland Smith,1991;1995a,b;1999.

Theoriginal version1.0 of GMY wasreleasedn the summerof 1988whenthe authorsweregraduate
studentsat Lamont-DohertyEarthObsenatory of ColumbiaUniversity. During our tenureasgraduatestu-
dents,L-DEO changedts computingervironmentto a distributednetwork of UNIX workstationsandwe
wrote GVD to runin this ervironment.It becameasuccessitL-DEO, andsoonspreado numerousther
institutionsin the US, CanadaEurope,andJapan.The currentversionbenefitsfrom the mary suggestions
contributedby usersof the earlierversionsandnow includesmorethan50 tools, 25 mapprojectionsand
mary othernew, moreflexible features.GMY providesscientistswith a variety of tools for datamanip-
ulation anddisplay including routinesto sample filter, computespectralestimatesanddeterminerends
in time series,grid or triangulatearbitrarily spaceddata,performmathematicabperationgincludingfil-
tering) on 2-D datasetsboth in the spaceandfrequeny domain,samplesurfacesalongarbitrarytracks
or onto a new grid, calculatevolumes,andfind trend surfaces. The plotting programswill let the user
male linear, logyo, andx?-y? diagrams polarandrectangulahistogramsmapswith filled continentsand
coastlineschoosingfrom 25 commonmap projections,contourplots, meshplots, monochromeor color
imagesandatrtificially illuminatedshaded-reliednd3-D perspectieillustrations.

GMD is writtenin the highly portableANSI C programmindanguagdKernighanand Ritchie, 1988],
is fully POSIXcompliant[Lewine, 1991],hasno Year2000problemsandmaybe usedwith any hardware
runningsomeflavor of UNIX, possiblywith minor modifications.In writing GMY, we have followedthe
modulardesignphilosophyof UNIX: Theraw data— processing— final illustrationflow is brokendown
to a seriesof elementarysteps;eachstepis accomplishedby a separatesi> or UNIX tool. This modular
approaclbringsseveralbenefits:(1) only afew programsareneeded(2) eachprogramis smallandeasyto
updateandmaintain,(3) eachstepis independentf thepreviousstepandthedatatypeandcanthereforebe
usedn avarietyof applicationsand(4) theprogramscanbe chainedogetheiin shellscriptsor with pipes,
therebycreatinga procesdailoredto do auserspecifictask. The decouplingof thedataretrieval stepfrom
the subsequemnassag@ndplotting is particularlyimportant,sinceeachinstitutionwill typically have its
own databaseformats. To useGWMY with customdatabasespnehasonly to write a dataextractiontool
whichwill putoutdatain aform readabldoy GMY (discussedbelow). After writing theextractor, all other
GMY moduleswill work asthey are.

GMY makesfull useof the PostScriptpagedescriptionlanguage and canproducecolor illustrations
if a color PostScriptdevice is available. Onedoesnot necessarilyhave to have accesgo a top-of-the-line
color printerto take advantageof the color capabilitiesofferedby GMY: Severalcompanie®fferimaging
serviceswherethe customerprovidesa PostScriptplot file and getscolor slidesor hardcopiesn return.
Furthermoregeneral-purposostScriptrasterimageprocessorgRIPs)arenow becomingavailable,let-
ting the usercreaterasterimagesfrom PostScriptand plot thesebitmapson rasterdeviceslike computer

1seeGNU GeneraPublic Licence(www.gnu.og/copyleft/gpl.html) for termson redistritution andmodifications.
2Thetools canalsobeinstalledon otherplatforms(seeAppendixL).
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screensgot-matrixprinters largeformatrastermplotters,andfilm writers’. Becauséhepublicationcostsof

colorillustrationsarehigh, V> offers90 commonbit andhachurepatternsijncludingmary geologicmap
symboltypes,aswell ascompletegraytoneshadingoperations.Additional bit andhachurepatternsmay

alsobe designedby the user With thesetools, it is possibleto generatepublication-readynonochrome
originalson acommonlaserwriter

GMD is thoroughlydocumentedind comeswith a technicalreferenceand cookbookwhich explains
the purposeof the packageandits mary features,and provides numerousexamplesto help new users
quickly becomeamiliarwith the operatiorandphilosophyof thesystem.The cookbookcontaingheshell
scriptsthatwereusedfor eachexample;PostScripffiles of eachillustrationarealsoprovided. All programs
have individual manualpageswhich canbeinstalledaspart of the on-line documentatiounderthe UNIX
man utility or asweb pages. In addition, the programsoffer friendly help messagesvhich make them
essentiallyself-teaching— if a userentersinvalid or ambiguouscommandarguments the programwill
print awarningto the screerwith a synopsif thevalid agumentsAll thedocumentatioiis avaliablefor
webbrowsingandmaybeinstalledat the userssite.

The processinganddisplayroutineswithin GMY arecompletelygeneralandwill handleary (x,y) or
(x,y,2) dataasinput. For mary purposeshe(x,y) coordinatewill be (longitude latitude)butin mostcases
they couldequallywell be ary othervariables(e.g.,wavelength,power spectraldensity). Sincethe Gv>
plot toolswill mapthese(x,y) coordinatego positionson a plot or mapusinga variety of transformations
(linear, log-log, andseveralmapprojections)they canbeusedwith any datathataregivenby two or three
coordinatesin orderto simplify andstandardizénput andoutput,GM> usestwo file formatsonly. Arbi-
trary sequencesf (x,y) or (x,y2) dataarereadfrom multi-columnASCII tables,i.e., eachfile consistsof
severalrecordsjn which eachcoordinates confinedto a separateolumrf'. This formatis straightforvard
andallows the userto performalmostarny simple (or complicatedyeformattingor processingaskusing
standardUNIX utilities suchas cut, paste grep, sed and awk. Two-dimensionadatathat have been
sampledon anequidistangrid arereadandwritten by GV in abinary“grdfile” usingthe functionspro-
videdwith thenetCDFHFlibrary (afree,public-domairsoftwarelibrary availableseparatelyrom UCAR, the
University Corporationof AtmosphericResearcliTreinishand Gough 1987]). This XDR (ExternalData
Representatio)asedormatis architecturéendependentwhich allows the userto transferthebinary data
files from onecomputersystemto anothe?. GM> containsprogramsthatwill readASCII (x,y,2) files and
producegriddedfiles. Onesuchprogram,surface , includesnex modificationsto the gridding algorithm
developedby SmithandWesse[1990] usingcontinuoussplinesin tension.

Mostof theprogramswill producesomeform of output,whichfallsinto four cateyories.Severalof the
programsamay producemorethanoneof thesetypesof output:

1. 1-D ASCII Tables— For example,a(x,y) seriesnaybefilteredandthefilteredvaluesoutput. ASCII
outputis written to the standardbutputstream.

2. 2-D binary (netCDFor userdefined)‘grdfiles” — Programghatgrid ASCII (x,y,z) dataor operate
on existing grdfilesproducethis type of output.

3. PostScript— Theplotting programsall usethe PostScriptpagedescriptionanguageo defineplots.
ThesecommandsrestoredasASCII text andcanbe editedshouldyou wantto customizethe plot
beyondthe optionsavailablein the programghemseles.

4. Reports— SereralGMY programseadinputfilesandreportstatisticsandotherinformation.Nearly
all programshave anoptional“verbose’operationwhichreportsontheprogres®f computation All
programsfeatureusagemessagesiyhich promptthe userif incorrectcommandsave beengiven.
Suchtext is written to the standarderror streamand canthereforebe separatedrom ASCII table
output.

GMD is availableoverthe Internetat no chage. To obtaina copy, readtherelevantinformationon the
GMY homepagewww.soest.hevaii.edu/gmt,or email listsener@soest.haaii.edua note containingthe

30nepublic-domainRIP is ghostscript, availablefrom www.gnu.og.
4Programshow alsoallow for fast,binary multicolumnfile i/o.
SWhile the netCDFformatis the default, otherformatsarealsopossible jncluding userdefinedformats.
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singlemessage
information gmtgroup

The listsener will mail you back a shell-scriptthat you may run to obtain all necessaryprograms,
libraries,and supportdata. After you obtainthe G\WY archive, you will find thatit containsinformation
onhow to install GMY onyour hardwareplatformandhow to obtainadditionalfiles thatyou mayneedor
want. Thearchive alsocontainsa licenseagreemenandregistrationfile. We alsomaintaintwo electronic
mailing lists you may subscribeo in orderto stayinformedaboutbug fixesandupgradegSeeChapter7).

For thosewithout net-accesshat needto obtain GMY: Geoware (http://www.geavare-online.com
malkesanddistributesCD-Rswith the GMY packagecompatiblesupplementsandl1.7 Gb of usefuldata
sets.Geavarechaige USD 35 for this servicewhich includeseverything(CD-R, handling,postage) Send
requestsor mediato:

Geavare

Attn.: Paul Wessel
91-1007AawaDrive
EwaBeach,HI 96706—3901USA.

Includereturnaddressand checkfor USD 35 payableto Geovareanddravn on a US bank(non-US
customersyour local bankcanassistyou in obtaininga checkin US dollars). For moreinformationsend
e-mailto geavare @geware-online.com.

GMD hasseneda multitudeof scientistsvery well, andtheir responsefave promptedusto develop
theseprogramseven further. It is our hopethatthe new versionwill satisfytheseusersandattractnew
usersaswell. We presenthis systemto the communityin orderto promotesharingof researctsoftware
amonginvestigatorsn the US andabroad.
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3. GMT overview and quick reference

3.1 GMT summary

The following is a summaryof all the programssuppliedwith GM> anda very shortdescriptionof their
purpose For moredetails,seetheindividual UNIX manualpagesor the online web documentationFor a
listing sortedby programpurposeseeSection3.2.

blockmean
bloc kmedian
blockmode
filterld

fitcir cle
gmtcon vert
gmtdefaults
gmtmath
gmtselect
gmtset
grd2cpt
grd2xyz
grdclip
grdcontour
grdcut
grdedit
grdfft
grdfilter
grdgradient
grdhisteq
grdimage
grdinfo
grdlandmask
grdmask
grdmath
grdpaste
grdproject
grdreformat
grdsample
grdtrac k
grdtrend
grdvector
grdview
grdvolume
makecpt
mappr oject
minmax
nearneighbor
project
psbasemap
psclip
pscoast
pscontour
pshistogram
psimage

L2 (x,y,2) tabledatafilter/decimator

L1 (x,y,2) tabledatafilter/decimator

Mode estimatg(x,y,2) tabledatafilter/decimator

Filter 1-D tabledatasets(time series)

Findsthe best-fittinggreator smallcircle for a setof points
Corvertdatatablesfrom oneformatto another

List the currentdefault settings
Mathematicabperation®ntabledata
Selectsubset®of tabledatabasedn multiple spatialcriteria
Changeselectegarameterin current.gmtdefultsfile
Generate color palettetablefrom a griddedfile
Corversionfrom 2-D griddedfile to tabledata

Limit thez-rangein griddeddatasets

Contouringof 2-D griddeddatasets
Cutasub-regionfrom agriddedfile

Modify headelinformationin a 2-D griddedfile
Performoperationn griddedfilesin thefrequeng domain
Filter 2-D griddeddatasetsin the spacedomain
Computedirectionalgradientfrom griddedfiles
Histogramequalizatiorfor griddedfiles
Producamagesfrom 2-D griddeddatasets
Getinformationaboutgriddedfiles
Createmaskinggriddedfiles from shorelinedatabase
Resefgrid nodesin/outsideaclip pathto constants
Mathematicabperationn griddedfiles
Pastetogethemriddedfiles alongacommonedge
Projectgriddeddatasetsontoa new coordinatesystem
Corvertsgriddedfiles into othergrid formats
Resample 2-D griddeddatasetontoa new grid
Samplingof 2-D griddeddatasetalong1-D track

Fits polynomialtrendsto griddedfiles

Plotting of 2-D griddedvectorfields

3-D perspectieimagingof 2-D griddeddatasets
Calculatevolumesundera surfacewithin specifiedcontour
Make color palettetables

Transformatiorof coordinatesystemdor tabledata
Reportextremevaluesin tabledatafiles
Nearest-neighbagriddingscheme
Projecttabledataontolinesor greatcircles

Createa basemayplot

Usepolygonfilesto defineclipping paths

Plot[andfill] coastlinesbordersandriverson maps
Contouror imageraw tabledataby triangulation
Plotahistogram

Plot Sunrasterfilesonamap
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psmask
psrose
psscale
pste xt
pswig gle
psxy
psxyz
sampleld
spectrumld
splitxyz
surface
trend1d
trend2d
triangulate
xyz2grd

Createoverlayto maskoutregionson maps

Plot sectoror rosediagrams

Plot grayscaleor colorscaleon maps

Plot textstringson maps

Draw tabledatatime-seriesalongtrackon maps
Plot symbols polygons,andlineson maps

Plot symbols polygons,andlinesin 3-D
Resamplingf 1-D tabledatasets
Computevariousspectrakestimatedgrom time-series
Split xyzfilesinto severalsegments

A continuouscurvaturegriddingalgorithm

Fits polynomialor Fouriertrendsto y = f(x) series
Fits polynomialtrendsto z= f(x,y) series
Performoptimal Delaung triangulationandgridding
Corvertanequidistantablexyzfile to a 2-D griddedfile

3.2 GMT quick reference

Insteadof an alphabeticalisting, this sectioncontainsa summarysortedby programpurpose.Also in-
cludedis a quick summaryof the standardcommandine optionsanda breakdevn of the —J option for
eachof the 25 mapprojectionsavailablein GV .

FILTERING OF 1-D AND 2-D DATA

blockmean L, estimate(x, y, 2) datafilters/decimators
blockmedian L estimatg(x,y, 2) datafilters/decimators
blockmode Mode estimatg(x, Y, 2) datafilters/decimators
filterld Filter 1-D data(time series)
grdfilter Filter 2-D datain spacedomain

| PLOTTING OF 1-D and2-D DATA
grdcontour Contouringof 2-D griddeddata
grdimage Producamagesfrom 2-D griddeddata
grdvector Plotvectorfieldsfrom 2-D griddeddata
grdview 3-D perspeciteimagingof 2-D griddeddata
psbasemap Createa basemajrame
psclip Usepolygonfiles asclipping paths
pscoast Plot coastlinesfilled continentsrivers,andpolitical borders
pscontour Direct contouringor imagingof xyzdataby triangulation
pshistogram Plota histogram
psimage Plot Sunrasterfilesonamap
psmask Createoverlayto maskspecifiedregionsof amap
psrose Plot sectoror rosediagrams
psscale Plot grayscaleor colorscale
pste xt Plottextstrings
pswiggle Draw anomaliesalongtrack
psxy Plot symbols polygons,andlinesin 2-D
psxyz Plot symbols polygons,andlinesin 3-D




CHAPTER3. GMT OVERVIEW AND QUICK REFERENCE

GRIDDING OF (X,Y,Z) TABLE DATA

nearneighbor

Nearest-neighbagriddingscheme

surface Continuouscurvaturegriddingalgorithm
triangulate Performoptimal Delaung triangulationon xyzdata
| SAMPLING OF 1-D AND 2-D DATA
grdsample Resample 2-D griddeddataontonew grid
grdtrac k Samplingof 2-D dataalong1-D track
sampleld Resamplingf 1-D data
| PROJECTIONAND MAP-TRANSFORMATION
grdproject Transformgriddeddatato a new coordinatesystem
mappr oject Transformtabledatato a new coordinatesystem
project Projectdataontolinesor greatcircles

INFORMATION

gmtdefaults

List the currentdefault settings

gmtset Command-lineaditing of parameteré the .gmtdefultsfile
grdinfo Getinformationaboutthe contentof griddedfiles
minmax Reportextremevaluesin tabledatafiles
| MISCELLANEOUS
gmtmath ReversePolishNotation(RPN) calculatorfor tabledata
makecpt CreateGMT color palettetables
spectrumld Computespectralestimategrom time-series
triangulate Performoptimal Delaung triangulationon xyz data

CONVERT OREXTRACT SUBSETSOF DATA

gmtcon vert

Corverttabledatafrom oneformatto another

gmtselect Selecttabledatasubsetdasedn multiple spatialcriteria
grd2xyz Corvert2-D griddeddatato tabledata
grdcut Cutasub-rgionfrom a griddedfile
grdpaste Pastetogethemgriddedfiles alongcommonedge
grdreformat Corvertfrom onegrid formatto another
splitxyz Split (x,y, 2) tabledatainto severalseggments
xyz2grd Corverttabledatato 2-D griddedfile

| DETERMINE TRENDSIN 1-D AND 2-D DATA
fitcir cle Findsbest-fittinggreator smallcircles
grdtrend Fits polynomialtrendsto griddedfiles (z= f(x,y))
trend1d Fits polynomialor Fouriertrendsto y = f(x) series
trend2d Fits polynomialtrendsto z= f(x,y) series

| OTHER OPERATIONS ON 2-D GRIDS
grd2cpt Make color palettetablefrom griddedfile
grdclip Limit the z—rangein griddeddatasets
grdedit Modify grid headeiinformation
grdfft Operateon griddedfiles in frequeny domain
grdgradient Computedirectionalgradientsrom griddedfiles
grdhisteq Histogramequalizatiorfor griddedfiles
grdlandmask  Createsnaskgriddedfile from coastlinedatabase
grdmask Setgrid nodesin/outsidea clip pathto constants
grdmath ReversePolishNotation(RPN) calculatorfor griddedfiles

grdvolume

Calculatevolumeundera surfacewithin a contour




CHAPTER3. GMT OVERVIEW AND QUICK REFERENCE

STANDARDIZED COMMAND LINE OPTIONS

—Bxinfo[/yinfo[/zinfd]| WESNZwesnZf:.title:] Tickmarks.Eachinfo is
[a]tick[m|c][ ftick[m|c]][ gtick[m|c]][ I|p][:"label”:][:,"unit™]

—H[n_heades]

ASCII tableshave headerecord[s]

—J (uppercasefor width, lower casefor scale)

Map projection(seebelow)

—JAlong/latg/width

Lambertazimuthalequalarea

—JB|Ono/|ato/|al'1/|al'2/Wid'[h

Albersconicequalarea

—JClong/latg/width

Cassinicylindrical

—JD|0I‘b/|an/|aIl/|al'2/Width

Equidistantconic

—JElony/lato/width

Azimuthalequidistant

—JFlony/lato/horizon/width

Azimuthal Gnomonic

—JGlong/latg/width

Azimuthalorthographic

—JHlong/width Hammerequalarea
—Jllong/width Sinusoidalkequalarea
—JJlong/width Miller cylindrical

—JKflong/width

EckertlV equalarea

—JKslong/width

EckertVI equalarea

—JL|Ono/|ato/|al'1/|al'2/Wid'[h

Lambertconicconformal

—JIMwidth or —-IMlong/latg/width

Mercatorcylindrical

—JNlong/width

Robinson

—JOalong/laty/az/width

ObligueMercator 1: origin andazimuth

—JOblong/latg/lony /laty /width

ObliqueMercator 2: two points

—JOdong/latg/long/lat,/width

ObligueMercator 3: origin andpole

—JP[awidth[ /origin]

Polar[azimuthal](6,r) (or cylindrical)

—JQlong/width Equidistantcylindrical (PlateCaree)
—JRIony/width Winkel Tripel

—JYony/late/width Generaktereographic
—JTlony/width Trans\erseMercator

—JUzongwidth UniversalTrans\erseMercator(UTM)
—JVlony/width VanderGrinten

—JWlong/width Mollweide

—IXwidth[l[p]/heightT[pT d]

Linear, logio, andx?—yP (exponential)

—JYlong/lats/width

Generakylindrical equalarea

—K AppendmorePSlater
-0 Thisis anoverlayplot
-P SelectPortraitorientation

—Rwest/east/south/nortlzmin/zmal r]

SpecifyRegion of interest

—U[/dx/dy][label

Plottime-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 inputratherthanx/y
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4. Generalfeatures

This sectionexplainsa few featurescommonto all the programsin GMY. It summarizeshe philosophy
behindthe system.Someof the featuresdescribecheremay make more senseonceyou reachthe cook-
booksectionwherewe presentaictualexamplesof their use.

4.1 GMT Units

GMD programscan acceptdimensionalquantitiesin cm, inch, meter, or point. Therearetwo waysto
ensurghatGMY understandw/hich unit youintendto use.

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

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

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

4.2 GMT defaults

Therearemorethan50 parametersvhich canbe adjustedndividually to modify theappearancef plotsor
affectthe manipulationof data. Whena programis run, it initializes all parameterso the GMY defaults',
thentries to openthe file .gmtdefultsin the currentdirectory If not found, it will look for thatfile in
your homedirectory If successfulthe programwill readthe contentsandsetthe default valuesto those
providedin thefile. By editing this file you canaffect featuressuchas penthicknessesisedfor maps,
fonts and font sizesusedfor annotationsand labels, color of the pens,dots-pefinch resolutionof the
hardcoly device, whattype of splineinterpolantto use,andmary otherchoicegA completelist of all the
parameterandtheir defaultvaluescanbefoundin the gmtdefaults manualpages).Youmaycreateyour
own .gmtdetultsfiles by runninggmtdefaults andthenmodify thoseparametergyou wantto change.
If youwantto usethe parametesettingsin anotheffile you cando so by specifying+<defaultfile>

on the commandine. This makesit easyto maintainseveral distinct parametessettings,corresponding
perhapgo the uniguestylesrequiredby differentjournalsor simply reflectingfont changesiecessaryo
male readableoverheadsindslides.Note thatany agumentgivenonthe commandine (seebelow) will
take precedenbverthedefaultvalues.E.g.,if your.gmtdefultsfile hasx offset= 1i asdefault,the—X1.5
optionwill overridethe default andsetthe offsetto 1.5inches.Default valuesmay alsobe changedrom
thecommandine with theutility gmtset .

4.3 CommandLine Arguments

Eachprogramrequirescertainargumentsspecificto its operation.Theseareexplainedin themanualpages
andin the usagemessages.Most programsare “case-sensitie”; almostall optionsmust startwith an
uppercasedetter We have tried to choosdettersof the alphabetvhich standfor the agumentsothatthey
will be easyto rememberEachargumentspecificatiorbeginswith a hyphen(exceptinputfile namessee
below), followedby aletter, andsometimesa numberor charactestringimmediatelyaftertheletter Do
not spacebetweerthe hyphen Jetter, andnumberor string. Do spacebetweeroptions.Example:

pscoast -R0/20/0/20 -G200 -JM6i -WO0.25p -B5 -V > map.ps

1ChoosebetweerSl andUS default units by modifying gmt.confin the QMY sharedirectory
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Option Meaning

-B Definestickmarks,annotationsandlabelsfor basemapandaxes
-H Specifieghatinput tableshave headerecord(s)

-J Selectsa mapprojectionor oneof severalnon-mapprojections
-K Allows moreplot codeto be appendedo this plot later

-0 Allows this plot codeto beappendedo anexisting plot

-P SelectsPortraitplot orientation[Defaultis landscape]

-R Definesthe min. andmax. coordinate®f the map/plotregion
-U Plotsatime-stamppy defaultin the lower left cornerof page
-V Verboseoperation

—X Setsthex-coordinatefor the plot origin onthe page

-Y Setsthey-coordinatefor the plot origin onthe page

—C Specifieghe numberof plot copies

- Inputgeographiaataare(lat,lon) ratherthan(lon,lat)

Table4.1: Standardize@GMT commandine switches

4.4 Standardizedcommandline options

Mostof the programdake mary of thesameargumentdik e thoserelatedto settingthedataregion,themap
projection,etc. The 13 switchesin Table4.1 have the samemeaningin all the programgSomeprograms
may not useall of them). Theseoptionsaredescribedn moredetailin the manualpages.

4.5 CommandLine History

GMY programs‘remember’the standardizedommandine options(Seeprevious section)given during
their previousinvocationsandthis providesa shorthanchotationfor complex options. For example,if a
basemapvascreatedvith anobliqueMercatorprojection,specifiedas

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

thenasubsequensxy commando plot symbolsonly needgo state-Jo in orderto activatethe same
projection. Previous commandsare maintainedn the file .gmtcommandsof which therewill be onein
eachdirectoryyou run the programsfrom. This is handyif you createseparatalirectoriesfor separate
projectssince chancesare that datamanipulationsand plotting for eachprojectwill sharemary of the
sameoptions.Notethatanoptionspelledoutonthecommandine will alwaysoverridethelastentryin the
.gmtcommand§ile and,if executionis successfulwill replacethis entryasthepreviousoptionargumentn
the.gmtcommandsile. If you call several GM> modulespipedtogetherthenGMY cannotguarante¢hat
the.gmtcommandséile is processedh theintendedorderfrom left to right. The only guarantees thatthe
file will notbe clobberedsinceaM> now usesadvisoryfile locking. The uncertaintyin processingrder
malkesthe useof shorthandsn pipesunreliable. We thereforerecommendhat you only useshorthands
in singleprocescommandines, andspelloutthefull commandoptionwhenusingchainsof commands
connectedvith pipes.

4.6 Usagemessagessyntax-and generalerror messages

Eachprogramcarriesa usagemessagelf you entertheprogramnamewithoutany argumentsthe program
will write the completeusagemessagé¢o standarderror (your screenpunlessyouredirectit). Thismessage
explainsin detailwhatall thevalid agumentsare. If you enterthe programnamefollowedby ahyphen(-)
only youwill getashorterversionwhichonly shavsthecommandine syntaxandno detailedexplanations.
If you incorrectlyspecifyanoptionor omit arequiredoption,the programwill producesyntaxerrorsand
explain what the correctsyntaxfor theseoptionsshouldbe. If anerror occursduring the runningof a
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program,the programwill in somecasesecognizethis andgive you an errormessageUsually this will
alsoterminatetherun. Theerrormessagegenerallybegin with the nameof the programin whichtheerror
occurredif you have severalprogramsipedtogethetthis tells you wherethetroubleis.

4.7 Standard Input or File, headerrecords

Most of the programswhich expecttabledatainput canreadeitherstandardnputor inputin oneor several
files. Theseprogramawill try to readstdinunlessyoutypethefilename(spnthecommandine withoutthe
above hyphens(If the programseesa hyphen,it readsthe next characteasaninstruction;if anargument
beginswithout a hypheniit triesto openthis argumentasa filename). This featureallows you to connect
programswith pipesif youlike. If yourinputis ASCIl andhasoneor moreheaderecordsyou mustuse
the—H option. The numberof headerrecordsis oneof the mary parameterén the .gmtdegultsfile, but
canbeoverriddenby —Hn_headerrecs ASCII files mayin mary caseslsocontainsub-headerseparating
datasegmentsseeAppendixB for completedocumentationkor binarytabledatano headersreallowed.

4.8 VerboseOperation

Most of the programstake an optional—V argumentwhich will run the programin the “verbose’mode.
Verbosewill write to standarcerrorinformationaboutthe progresof the operationyou arerunning. Ver-
bosereportsthings suchas countsof pointsread,namesof datafiles processed¢onvergenceof iterative
solutions,andthelike. Sincethesemessagearewritten to stderr, the verbosetalk remainsseparatdérom
your dataoutput.

4.9 Output

Most programswrite their results,including PostScriptplots, to standarcutput. The exceptionsarethose
whichmaycreatebinarynetCDFgrd-filessuchassurface (duetothedesignof netCDFafilenamemustbe
provided; however, alternatie outputformatsallowing piping areavailable). With UNIX you canredirect
standardbutputor pipeit into anotherprocess.Error messagesjsagemessagesndverbosecomments
arewritten to standarcerrorin all cases.You canuseUNIX to redirectstandarcerroraswell, if youwant
to createa log file of whatyou aredoing.

4.10 PostScript Features

PostScriptis acommandanguagdor driving graphicsdevicessuchaslaserprinters.It is ASCII text which
you canreadandedit asyou wish (assumingyou have someknowledgeof the syntax). We preferthis to
binary metafileplot systemssincesuchfiles cannoteasilybe modifiedafterthey have beencreated.cvd
programsalsowrite mary commentgo the plot file which make it easierfor usersto orientthemseles
shouldthey needto edit the file (e.g., % Startof x-axis). All GM> programscreatePostScriptcode
by calling the pslib plot library (The usermay call thesefunctionsfrom his/herown C or FORTRAN plot
programs Seethemanualpagedor pslib syntax).AlthoughGw> programsancreateveryindividualized
plot code,therewill alwaysbe casesot coveredby theseprograms.Someknowledgeof PostScriptwill
enablethe userto add suchfeaturesdirectly into the plot file. By default, GM> will producefreeform
PostScriptoutputwith embeddegbrinterdirectives. To produceEncapsulatedostScript(EPS)thatcanbe
importedinto graphicsprogramssuchas IslandDraw and Adobe lllustrator for furtherembellishment,
changethe PAPER.MEDIA settingin the .gmtdefultsfile. 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 and a y-axis increasingfrom bottomto top.
If the paperis turnedsothatthelong dimensionof the paperis parallelto the x-axis thenthe plot is said
to have Landscapeorientation. If the long dimensionof the paperparallelsthe y-axis the orientationis
called Portrait. (Think of taking pictureswith a cameraandthesewords make sense).All the programs
in GMY have the samedefault orientation,which is Landscape Use—P to changeto Portrait(Note that
PAPER MEDIA is auserdefinableparameterby defaultsetto Letter(or A4). For otherpaperdimensions
you mustchangehis valueaccordingly).

4.12 Overlay and Continue Modes

A typical PostScriptfile hasa beginning, a middle, and an end. The beginning definescertainfeatures
(e.g.,macrosorigin, orientation,scale,etc.) which will be neededo createthe plot. The middle hasthe
commandsvhich actuallydotheplotting. The endtells thegraphicsdevice to putouttheplot (showpage
in PostScrip} and resetthe graphicsstate. Many of the illustrationsin this cookbookare built up by
appendindPostScriptfiles together If you do this, thefirst file needsa “beginning” andno “end”, thelast
an“end” but no “beginning”, andthemiddlefiles needonly a“middle”. Youaccomplistthisautomatically
with the Overlay (—O) and Continue(—K) options. Overlay indicatesthatthis plot will be laid on top of
an earlierone;thereforethe “beginning” is not includedin the output. The default is alwaysno overlay,
i.e. write outthe “beginning”. Continueindicatesthatanothemplot will follow this onelater;thereforethe
“end” is notincludedin the output. The defaultis to outputthe “end”. If you run only oneplot program,
ignoreboththe—O and—K options;they areonly usedwhenstackingplots.

4.13 Specifyingpenattrib utes

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

—Wwidth[/color][ ttexture][ p]

— Wdth is normally measuredn units of the currentdevice resolution(i.e., the value assignedo the
parameteDOTS_PRINCH in your .gmtdefwultsfile). Thus,if the dpi is setto 300 this unit is
1/300thof aninch. Appendp to specify penwidth in points (1/72 of aninch. Note thata pen
thicknesf 5 will beof differentphysicalwidth dependingnyour dpi setting,whereasthickness
of 5p will alwaysbe5/720of aninch. Minimum-thicknesgpenscanbeachiezedby giving zerowidth,
but theresultis device-dependent.

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

— The texture attribute controlsthe appearancef the line. To geta dottedline, simply append*to”
afterthe width andcolor alguments;a dashedoenis requestedvith “ta”. For exact specifications
you may appendstring:offset wherestring is a seriesof integersseparatedby underscoresThese
numbergepresena patternby indicatingthelengthof line sgmentsandthe gapbetweersegments.
The offsetshifts the patternalongthe line. For example,if you wanta yellow line of width 2 that
alternatebetweeriong dasheg20 units),a 10 unit gap,thena5 unit dash thenanotherlO unit gap,
with patternoffset by 10 units from the origin, specify—W2/255/255/620.10.5.10:10. Here,the
texture unitscanbe specifiedn dpi unitsor points(seeabove).

2postScriptdefinition. In thetypesettingndustrya slighly 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/patterr: Br/g/b[Fr/g/b]]

In the first casewe may specify a gray shade(0-255)or a color (r/g/b in the 0-255range),similar
to the pencolor settings. The secondform allows usto usea predefinedit-imagepattern. patterncan
eitherbe a numberin the range1-90o0r the nameof a 1-, 8-, or 24-bit Sunrasterfile. The former will
resultin oneof the 90 predefined4 x 64 bit-patternsprovided with GMY> andreproducedn Appendix
E. The latter allows the userto createcustomizedrepeatingimagesusing standardSunrasterfiles. The
dpi parametessetsthe resolutionof this imageon the page;the areafill is thus madeup of a seriesof
these'tiles”. Specifyingdpi as0 will resultin highestresolutionobtainablegiventhe presentdpi setting
in .gmtdefults By specifyinguppercase-GP insteadof —Gp theimagewill bebit-reversedj.e., white
andblack areaswill beinterchangedonly appliesto 1-bit imagesor predefinedit-imagepatterns).For
thesepatternsand other 1-bit imagesone may specify alternatve backgroundandforegroundcolors (by
appendingBr/g/b[Fr/g/b]) thatwill replacethe defaultwhite andblackpixels,respectiely. Settingoneof
thefore- or backgroundcolorsto — yields a transparenimagewhereonly the back-or foregroundpixels
will be painted.Dueto PostScriptimplementatiodimitationsthe rasterimagesisedwith —G mustbeless
than146x 146 pixelsin size;for largerimagesseepsima ge. Theformatof Sunrasterfilesis outlinedin
AppendixB. NotethatunderPostScriptLevel 1 the patternsarefilled by usingthe polygonasa clip path
Comple clip pathsmayrequiremorememorythanthe PostScriptinterpretethasbeenassignedThereis
thereforehepossibilitythatsomePostScriptinterpretergespeciallthosesuppliedwith olderlaserwriters)
will run out of memoryandabort. Shouldthatoccurwe recommendhatyou usea regular grayshaddill
insteadof the patternsinstallingmorememoryin your printermayor maynot solve the problem!

4.15 Color palettetables

Several programs,suchasthosewhich read2-D griddeddatasetsand createcoloredimagesor shaded
reliefs,needto betold whatcolorsto useandoverwhatz-rangeeachcolorapplies.Thisis thepurposeof the
color palettetable(cpt-file). Thesefiles mayalsobeusedby psxy andpsxyz to plot color-filled symbols.
The colors may be specifiedeitherin the RGB (red, green,blue) systemor in the HSV system(hue,
saturation,value),and the parametelCOLOR MODEL in the .gmtdefultsfile mustbe setaccordingly
Usingthe RGB systemtheformatof thecpt-fileis:

29 Rmin  Gmin  Bmin 21 Rmax Gmax Bmax [A]

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

Thus,for each’zslice”, definedastheinterval betweertwo boundariege.g.,zp to z1), thecolor canbe
constaniby letting Rmin = Rmax Gmin = Gmax andBmin = Bmax) Or a continuous|inearfunctionof z. The
optionalflag A is usedto indicateanotatiorof thecolorscalevhenplottedusingpsscale . A maybel, U,
or B to selectanotationof thelower, upper or bothlimits of the particularz-slice. However, the standard
—B option canbe usedby psscale to affect anotationandticking of colorscales.The backgroundcolor
(for zvalues< zy), foregroundcolor (for z-values> z,—1), andnot-a-numbefNaN) color (for z-values=
NaN) areall definedin the .gmtdehultsfile, but canbe overriddenby the statements

B Roak Gbak Bbad
F Rfore Gfore Bfore
N Rnan Gnan Bnan

which canbe insertedinto the beginning or end of the cpt-file. If you preferthe HSV system,setthe
.gmtdefultsparameteaccordinglyandreplacered, green blue with hue,saturationyalue. Color palette
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tablesthat containgrayshade®nly may replacethe r-g-b triplets with a single grayshaden the 0-255
range.

A few programs(i.e., thosethat plot polygonssuchas grdview, psscale , and psxy ) canaccept
patternfills insteadof grayshadesYou mustgive the patternasin the previous section(no leading—G of
course)andonly thefirst (low 2) is used(we cannotinterpolatebetweerpatterns) Finally, someprograms
let you skip featureswhosez-slicein the cptfile hasgrayshadesetto —. As anexample,consider

30 p200/16 80 -
80 - 100 -
100 255 0 0 200 255 255 O

whereslice 30 < z < 80 s paintedwith pattern# 16 at 200 dpi, slice 80 < z < 100is skipped,while
slice100< z < 200is paintedin arangeof redto yellow, dependingn theactualvalueof z

Someprogramslike grdimage and grdview apply artificial illumination to achiese shadedrelief
maps.Thisis typically doneby finding the directionalgradientin thedirectionof theartificial light source
and scalingthe gradientsto have approximatelya normal distribution on the interval <-1,+1>. These
intensitiesareusedto add“white” or “black” to the color asdefinedby the z-valuesandthe cpt-file. An
intensityof zeroleavesthecolorunchangedHighervalueswill brightenthecolor, lowervalueswill darken
it, all without changingthe original hue of the color (seeAppendix| for moredetails). Theillumination
is decoupledrom the datagrd-file in thata separatgrdfile holdingintensitiesn the <-1,+1> rangemust
be provided. Suchintensityfiles canbe derived from the datagrdfile usinggrdgradient and modified
with grdhisteq , but could equallywell be a separatelataset. E.g.,someside-scarsonarsystemsollect
both bathymetryand backscatteintensities,and one may want to usethe latter information to specify
the illumination of the colors definedby the former. Similarly, one could portray magneticanomalies
superimposedn topographyby usingthe formerfor colorsandthelatterfor shading.

4.16 Character escapesequences

For annotatioriabelsor textstringsplottedwith pste xt, GV providesseveralescapsequencethatallow
the userto temporarilyswitch to the symbolfont, turn on sub-or superscriptgetc. within words. These
conditionsaretoggledon/off by the escapesequencéx, wherex canbeoneof severaltypes.Theescape
sequencesecognizedn GMY arelistedin Table4.2.

Code Effect
@” Turnssymbolfont on or off
@%ontnd% | Switchesto anotherfont; @%%resetdo previousfont
@+ Turnssuperscripbn or off
@- Turnssubscripton or off
@# Turnssmallcapson or off
@! Createonecompositecharactenf the next two characters
Q@ Printsthe @ signitself

Table4.2: GMT text escapesequences

Shorthandhotationfor afew specialScandingian characterfiasalsobeenadded(Table4.3):
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Code | Effect
@E
@e
@O
@o
@A
@a

Table4.3: Shortcutfor Scandinaian characters

2 349 |9 B | By

PostScriptfontsusedin GM> maybere-encodedo includeseveralaccentedtharactersisedin mary
Europearlanguages.To accesshese you mustspecifythe full octal code\xxx (SeeAppendixF). Also
seethe definition of (andreasonfor) WANT_EURO_FONT in the gmtdefaults man page. Basically
WANT _EURO_FONT mustbe setto TRUE for the specialcharactergo be available. Many characters
thatarenotdirectly availableby usingsingleoctal codesmaybe constructedvith the compositecharacter
mechanisn@!.

Someexamplesof escapesequenceandembeddedctalcodesn GV strings:

2@ p@T@+2@+h@-0@E\363tV\363s 211r2hy Edtvds

10@+-3 @Angstr@om = 10-3 Angstrem
Se\227or Gar\2150n = Sehor Garmn
M@N\305anoa stra\373e = Manoastralle

A@\#cceleration@\# (ms@+-2@+) ACCELERATION (MS™2)

The optionin pste xt to draw a rectanglesurroundingthe text will not work for stringswith escape
sequencedsA chartof characterandtheir octalcodess givenin AppendixF.

4.17 Embeddedgrdfile format specifications

GMDY hasthe ability to readmorethanonegrdfile format. As distributed, GM> now recognized 2 prede-
finedfile formats.Theseare

GMD netCDF4-bytefloat format[Default]

Native binarysingleprecisionfloatsin scanlineswith leadinggrd header
Native binary shortintegersin scanlineswith leadinggrd header

. 8-bit standardSunrasterfile(colormapignored)

. Native binaryunsignedcharin scanlineswith leadinggrd header

. Native binarybits in scanlineswith leadinggrd header

. Native binary“surfer” grid files

. netCDF1-bytebyteformat

. netCDF1-bytecharformat

© ® N O U A W N B O

. netCDF2-byteint format
10. netCDF4-byteint format
11. netCDF8-bytedoubleformat
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In addition,userswith someC-programmingexperiencenayaddtheir own read/writekernelsandlink
themwith theGwY library to extendthenumberof predefinedormats. Technicainformationonthistopic
canbefoundin thesourcefile gmt.customio.c

Becausef thesenew formatsit is sometimesecessaryo provide morethansimply the nameof the
file onthecommandine. For instancea shortintegerfile mayuseauniquevalueto signify anemptynode
or NaN, andthedatamay needtranslatiorandscalingprior to use.Therefore all GMY programghatread
or write grdfileswill decodethegivenfilenameasfollows:

name[=d[/scaldoffsef/nan]]

whereeverythingin bracletsis optional.If you only usethedefaultnetCDFfile formatthenno optionsare
neededjust continueto passhenameof thegrdfile. However, if you useanotherformatyou mustappend
the=id string,whereid is theformatid numberlistedabove. In addition,shouldyou wantto multiply the

databy a scalefactor, thenadda constanbffsetyou may appendhe/scaldoffsetmodifier. Finally, if you

needto indicatethata certaindatavalueshouldbe interpretedasa NaN (not-a-numberyou may append
the/nansuffix to the scalingstring (it cannotgo by itself; notethe nestingof the braclets!).

Someof thegrd formatsallow writing to standardutputandreadingfrom standardnputwhichmeans
you canconnectGMY programsthat operateon grdfileswith pipes,therebyspeedingup executionand
eliminatingthe needfor large,intermediategrdfiles. You specify standardnput/outputby leaving out the
filenameentirely Thatmeanghe “filename” will begin with “=id” sincethe GMY default netCDFformat
doesnotallow piping (dueto thedesignof netCDF).

Everythinglooks moreobviousafterafew examples:

1. Towrite abinaryfloatgrdfile, specifythenameasmy file.grd=1

2. To readashortintegergrd file, multiply the databy 10 andthenadd32000,but first let valuesthat
equal32767besetto NaN, usethefilenamemy_file.grd=2/10/32000/3276

3. Toreada 8-bit standardsunrasterfile(with valuesin the 0—255range)andcorvertit to a+1 range,
givethenameasrasterfile=3/7.843137258+1(i.e., 1/127.5).

4. To write ashortintegergrd file to standardutputafter subtracting32000anddividing its valuesby
10, givefilenameas=2/0.1/-3200.

Programghatbothreadand/orwrite morethanonegrdfile mayspecifydifferentformatsand/orscaling
for the files involved. The only restrictionwith the embeddedyrd specificationmechanisms that no
grdfilesmayactuallyusethe“=" characteaspartof their name(presumablya small sacrifice).

Onecanalsodefinespecialfile suffixesto imply aspecificfile format;this approactrepresenta more
intuitive anduserfriendly way to specifythevariousfile formats.Theusermaycreateafile called.gmtio
in thehomedirectoryanddefineary numberof customformats. Thefollowing is anexampleof a.gmtio
file:

# GMT i/o shorthandile
# It canhave any numberof commentineslik e this oneanywhere
# suffix format.id scaleoffsetNaN  Comments

grd 0 - - - Default format

b 1 - - - Native binaryfloats
i2 2 - - 32767 2-byteintegers

ras 3 - - - Sunrasterfiles
byte 4 - - 255  1-bytegrids

bit 5 - - - Oor1grids

mask 5 - - 0 1 or NaN masks
faa 2 0.1 - 32767 Gravity in 0.1mGal
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Thesesuffices canbe anything that make senseto the user To activatethis mechanismsetparam-
eter GRIDFILE_.SHORTHAND to TRUE in your .gmtdefultsfile. Then,usingthe filenamestuf.i2 is
equivalentto sayingstuff.i2=2/1/0/32767 andthe filenamewet.maskmeanswet.mask=5/1/0/0For afile
intendedfor maskingi.e., thenodesareeitherl or NaN, the bit or maskformatfile maybe down to 1/32
thesizeof thecorrespondingrd formatfile.

4.18 Binary tablei/o

All G programghatacceptabledatainputmayreadASCII or binarydata.Whenusingbinarydatathe
usermustbe awareof the factthat GM> hasno way of determiningthe actualnumberof columnsin the
file. Youshouldthereforepasshatinformationto GMY via the binary—bi[s]n option,wheren is theactual
numberof datacolumns(s indicatessingleratherthandoubleprecision).Note thatn may be largerthan
m, thenumberof columnsthatthe GMY programrequiresdo doits task.If nis notgiventhenit defaultsto
m. If n < manerroris generatedFor moreinformation,seeAppendixB.
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5. GMT Projections

QMDY programghatreadpositiondatawill needto know how to converttheinput coordinatedo positions
onthemap.Thisis achievedby selectingoneof severalprojections.The purposeof this sectionis to sum-
marizethe propertieof mapprojectionsavailablein GMY, whatparameterslefinethem,anddemonstrate
how they areusedto createsimplebasemapsWe will mostly be usingthe pscoast commandandocca-
sionally psxy . (Our illustrationsmay differ from yoursbecausef differentsettingsin our .gmtdefults
file.) Notethatwhile we will specifydimensionsn inches(by appending), you maywantto usecm (c),
meterg(m), or points(p) asunit instead(seegmtdefaults manpage).

5.1 Non-map Projections

Thelinearprojectioncomesin threeflavors: linear, logio, andpower (or exponential). The projectionfor
the y-axis canbe setindependenthffrom the x-axis. We will shawv examplesof all threeby first creating
dummydatasetsusinggmtmath , a“ReversePolishNotation” (RPN)calculatoithatoperate®nor creates
tabledata:

#!/bin/sh

#

# $id:  GMT_dummydata.sh,y 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 transformatiorwill resultin a linear scalingof the input coordinates.The projectionis
definedby stating

e scalein inches/unit(—Jx) or axislengthin inches(-JX)

If they-scaleor y-axislengthis differentfrom thatof the x-axis (whichis mostoftenthe case) separate
the two scaleg(or lengths)by a slash,e.g.,—Jx0.1i/0.5ior —JX8i/5i. Thus,oury = /X datasetswill plot
asshowvnin Figure5.1.

The completecommandsgivento producethis plot were

10 JL ,:LA’ _

8 e

0 20 40 60 80 100

Figure5.1: Lineartransformatiorof 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 sqgrt.d > GMT _linear.ps

psxy -R -JX -St0.075i -G200 -W -O sqrt.d10  >> GMT_linear.ps

Normally, theusers x-valueswill increasdo theright andthey-valueswill increasaipwards.It should
benotedthatin mary situationst is desirableo have thedirectionof positive coordinatebereversed.For
example whenplotting depthon the y-axisit makesmoresenseo have the positive directiondownwards.
All thatis requiredto reversethe senseof positive directionis to supplya negative scale(or axislength).

5.1.2 Logarithmic projection

10 - l}i'

1 2 5 10 20 50 100

Figure5.2: Logarithmictransformatiorof x-coordinates

Thelog; o transformatioris selectedy appendingn| (lower casel ) immediatelyfollowing the scale
(or axis length) value. Hence,to producea plot in which the x-axis is logarithmic (the y-axis remains
linear),try

#l/bin/sh

# $ld: GMT_log.sh,y 1.1 2001/03/21 04:10:21 pwessel Exp $

#

psxy -R1/100/0/10 -Jx1.5il/0.15i -B2g3/a2flg2Wsne  -Wi1t2_2:0p -P -K -H sqrt.d > GMT_log.ps

psxy -R -Jx -Ss0.075i -GO -W -O -H sqrt.d10 >> GMT_log.ps

Notethatif x- andy-scalingaredifferentandalogio-logio plotis desiredthel mustbeappendedwice:
Onceafterthex-scale(beforethe/) andonceafterthey-scale.

5.1.3 Power projection

This projectionallows usto displayx® versusy®. While a andb canbe ary valueswe will selecta= 0.5

andb = 1 which meanswe will ploty versus,/x. We indicatethis scalingby appendinga p (lower case
P) followedby the desiredexponent,in our case0.5. Sinceb = 1 we do not needto specifypl sinceit is

identicalto thelinearscaling. Thusour commancdbecomes

#!/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 -Balp/a2filwSne -W1lp -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 transformatiorof x-coordinates
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Figure5.4: Lineartransformatiorof mapcoordinates

5.1.4 Geographicallinear projection

While thesdlinear projectionsareprimarily designedor genericx,y data,it is sometimesecessario plot
geographicatlatain a linear projection. This posesa problemsincelongitudeshave a 360° periodicity.
GMD thereforeneedgo beinformedthatit hasbeengivengeographicatiataalthougha linear projection
hasbeenchosen.We do soby appendingad (for degrees)to the endof the—Jx (or —JX) option. As an
example,we wantto plot acrudeworld mapcenterecn 125°E. Our commandwill be

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

gmtset GRID_CROSS_SIZE0.1i BASEMAP_TYPHE-ANCY DEGREE_FORMAZ

pscoast  -R-55/305/-90/90 -Jx0.014id -B60g30f15/30g30f15WSen -Dc -A1000 -G200 -W0.25p -P \
> GMT_linear_d.ps

gmtset GRID_CROSS_SIZE O

with theresultreproducedn Figure5.4.

5.1.5 Linear Projection with Polar (6,r) Coordinates(—Jp —JP)

In mary applicationsthe datais betterdescribedn polar or cylindrical (6, r) coordinategatherthanthe
usualCartesiarcoordinategx, y). Therelationshipbetweenthe Cartesiarand polar coordinatesare de-
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Figure5.5: Polar(Cylindrical) transformatiorof (8,r) coordinates
scribedby x = r - cosf,y =r - sinB. The polartransformatioris simply definedby providing

e scalein inches/unit—Jp) or full width of plotin inches(—JP)
e Optionally, inserta afterp|P to indicateCW azimuthsratherthanCCW directions

¢ Optionally, appendorigin in degreeso indicateanangularoffset[0]

As an exampleof this projectionwe will createa griddeddatasetin polar coordinatesz(8,r) = r2-
cosA6 usinggrdmath , aRPN calculatorthatoperatesn or creategrdfiles.

#l/bin/sh
# $id:  GMT_polar.sh,y 1.1 2001/03/21 04:10:21 pwessel Exp $
#

grdmath -R0/360/2/4 -16/0.1 X 4 MULPI MUL 180 DIV COSY 2 POWMUL = test.grd
grdcontour  test.grd -JP3i  -B30Ns -P -C2 -S4 > GMT_polar.ps

We usedgrdcontour to make a contourmapof this data. Becausehe datafile only containsvalues
with 2 <r < 4, adonutshapedlot appearsn Figure5.5.
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5.2 Conic Projections
5.2.1 Albers Conic Equal-AreaProjection (-Jb—-JB)

This projection,developedby Albersin 1805, is predominantlyusedto map regions of large east-west
extent,in particularthe United Stateslt is a conic,equal-aregrojection,in which parallelsareunequally
spacedarcsof concentriccircles,morecloselyspacedt the northandsouthedgesof the map. Meridians,
on the otherhand,are equally spacedadii abouta commoncenter and cut the parallelsat right angles.
Distortionin scaleand shapevanishesalongthe two standardparallels. Betweenthem, the scalealong
parallelsis too small; beyondthemit is too large. The oppositeis true for the scalealongmeridians.To
definethe projectionin GMY you needto provide thefollowing information:

¢ Longitudeandlatitudeof the projectioncenter
e Two standardoarallels

e Map scalein inch/degreeor 1:xxxxx notation(—Jb), or mapwidth (—JB)

Notethatyou mustincludethe“1:” if you chooseo specifythe scalethatway. E.g.,you cansay0.5
which meands0.5 inch/dggreeor 1:200000which meansl inch on the map equals200,000inchesalong
the standardparallels. The projectioncenterdefinesthe origin of the rectangulamapcoordinates As an
examplewe will make a map of the region nearTaiwan. We choosethe centerof the projectionto be at
125°E/20°N and25°N and45 °N asour two standardarallels.We desirea mapthatis 5 incheswide.
The completecommancheededo generateéhe mapbelow is thereforegivenby:

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

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

Figure5.6: Albersequal-are@onicmapprojection
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5.2.2 Lambert Conic Conformal Projection (—JI =JL)

This conic projectionwas designedby Lambert(1772) and hasbeenusedextensiely for mappingof

regionswith predominantlyeast-wesbrientation,just like the Albers projection. Unlike the Albers pro-

jection,Lamberts conformalprojectionis not equal-areaThe parallelsarearcsof circleswith acommon
origin, andmeridiansarethe equallyspacedadii of thesecircles. As with Albersprojection,it is only the
two standardparallelsthataredistortion-free. To selectthis projectionin GMY you mustprovide thesame
informationasfor the Albers projection,i.e.

¢ Longitudeandlatitudeof the projectioncenter
e Two standardbarallels

e Map scalein inch/degreeor 1:xxxxx notation(-Jl), or mapwidth (-=JL)

The Lambertconformalprojectionhasbeenusedfor basemapsor all the 48 contiguousStateswith
the two fixed standardparallels33°N and 45°N. We will generatea map of the continentalUSA using
theseparametersNote thatwith all the projectionsyou have the option of selectinga rectangulaborder
ratherthanonedefinedby meridiansandparallels.Here,we choosethe regularWESN region, a FANCY
basemaprame,andusedegreeswestfor longitudes.The generatinggommandsisedwere

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

gmtset BASEMAP_TYPE-ANCY DEGREE_FORMA3 GRID_CROSS_SIZE 0.05i

pscoast  -R-130/-70/24/52 -JI-100/35/33/45/1:50000000 -B10g5 -DI -N1/1p -N2/0.5p -A500 -G200 \
-WO0.25p -P > GMT_lambert_conic.ps

gmtset GRID_CROSS_SIZE O

1

50 N

Figure5.7: Lambertconformalconic mapprojection

The choicefor projectioncenterdoesnot affect the projectionbut it indicateswhich meridian(here
100°W) will beverticalonthemap. Thestandardgarallelswereoriginally selectedby Adamsto providea
maximumscaleerrorbetweeratitudes30.5°N and47.5°N of 0.5—-1%.Someareaslik e Florida,experience
scaleerrorsof upto 2.5%.
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5.2.3 Equidistant Conic Projection (—Jd —JD)

The equidistantconic projectionwas describedby the GreekphilosopherClaudiusPtolemyaboutA.D.
150. It is neitherconformalor equal-areabut senesasa compromisebetweenthem. The scaleis true
alongall meridiansandthe standargarallels.To selectthis projectionin GW> you mustprovide thesame
informationasfor the otherconicprojection,i.e.

¢ Longitudeandlatitudeof the projectioncenter
e Two standardoarallels

e Map scalein inch/degreeor 1:xxxxx notation(—Jd), or mapwidth (-JD)

Theequidistantonicprojectionis oftenusedfor atlasewith mapsof smallcountries. As anexample,
we generatea mapof Cuba:

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

gmtset DEGREE_FORMA3Z GRID_CROSS_SIZE 0.05i

pscoast -R-88/-70/18/24 -JD-79/21/19/23/4.5i -B591 -Di -Nl/1p -G200 \
-W0.25p -P > GMT_equidistant_conic.ps

gmtset GRID_CROSS_SIZE O

85°W 80°W 75°W 70°W

20°N

85°'W 80°W 75°W 70°W

Figure5.8: Equidistanttonicmapprojection
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5.3 Azimuthal Projections
5.3.1 Lambert Azimuthal Equal-Area(—Ja —JA)

This projectionwas developedby Lambertin 1772 andis typically usedfor mappinglarge regionslike
continentsandhemisphereslt is anazimuthal,equal-aregrojection,but is not perspectie. Distortionis
zeroatthe centerof the projection,andincreasesadially awvay from this point. To definethis projectionin
QMY you mustprovide thefollowing information:

¢ Longitudeandlatitudeof the projectioncenter

e Scaleas1:xxxxx or asradius/latitudewvhereradiusis distanceon mapin inchesfrom projectioncenter
to anobliquelatitude(—Ja), or mapwidth in inches(—JA).

Two differenttypesof mapscanbe madewith this projectiondependingn how theregionis specified.
We will give examplesof bothtypes.

Rectangularmap

In this modewe defineour region by specifyingthe longitude/latitudeof the lower left and upperright
cornersinsteadof the usualwest,east,south,north boundaries.The reasonfor specifyingour areathis
way is thatfor this andmary otherprojections lines of equallongitudeandlatitudearenot straightlines
andarethuspoor choicesfor mapboundariesinsteadwe requirethatthe mapboundariese rectangular
by definingthe cornersof arectangulamapboundary Using 0°E/4C°S (lower left) and60°E/10°S (upper
right) asour cornerswetry

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

gmtset DEGREE_FORMAU GRID_CROSS_SIZEO
pscoast  -R0/-40/60/-10r -JA30/-30/4.5i -B30g30/15915 -DI -A500 -G200 -W0.25p -P >\
GMT_lambert_az_rect.ps

0€

o

A5
- 150

20
- 300

/

o, w 2
S &

Figure5.9: Rectangulamapusingthe Lambertazimuthalequal-aregrojection.
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Notethatan“r’ is appendedo the—R optionto inform GMY thattheregion hasbeenselectedusing
therectangletechnique ptherwiseit would try to decodethe valuesaswest,east,south,north andreport
anerrorsince’east’ < 'west’.

Hemisphere map

Here,you mustspecifytheworld asyour region (—R0/360/-90/90) E. g., to obtaina hemisphereiew that
shavsthe Americastry

#l/bin/sh
# $ld:  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 -Al000 -GO -P > GMT_lambert_az_hemi.ps

Figure5.10: Hemispherenapusingthe Lambertazimuthalequal-aregrojection.

To geologiststheLambertazimuthalequal-aregrojection(with origin at0°/0°) is known astheequal-
area(Schmidt)stereoneindusedfor plotting fold axes,fault planesandthelike. An equal-anglgWulff)
stereonetanbe obtainedby usingthe stereographiprojection(discussedater). The stereonetproduced
by thesetwo projectionsappeaibelow.

5.3.2 Stereographic Equal-Angle Projection (—Js—JS)

This is a conformal,azimuthalprojectionthat datesbackto the Greeks. Its main useis for mappingthe
polarregions.In thepolaraspecall meridiansarestraightlinesandparallelsarearcsof circles. While this
is themostcommonuseit is possibleto selectary pointasthe centerof projection. Therequirementsre

¢ Longitudeandlatitudeof the projectioncenter

e Scaleasl:xxxxx (truescaleat pole),slat/1:xxxxx(true scaleat standardgparallelslat),or radius/latitude
whereradiusis distanceon mapin inchesfrom projectioncenterto a particular[possiblyoblique]
latitude(—Js), or simply mapwidth (-JS).

We will look attwo differenttypesof maps.
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Figure5.11: Equal-Area(Schmidt)and Equal-Angle(Wulff) stereonets

Polar StereographicMap

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

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

gmtset DEGREE_FORMAT
pscoast -R-30/30/60/72 -Js0/90/4.5i/60 -Ba10g5/5g5 -DI -A250 -GO -P > GMT_stereographic_polar.ps

Figure5.12: Polarstereographiconformalprojection.

Rectangular StereographicMap

As with Lamberts azimuthalequal-aregrojectionwe have the optionto userectangulaboundariesather
thanthe wedge-shapgypically associatedvith polar projections.This choiceis definedby selectingtwo
pointsascornersin the rectangleandappendingan“r” to the—R option. This commandoroducesa map
aspresentedn 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_FORMAT OBLIQUE_ANOTATION30
pscoast  -R-25/59/70/72r -JS10/90/11c  -B30g10/595 -DI -A250 -G200 -W.25p -P >\
GMT_stereographic_rect.ps

Figure5.13: Polarstereographiconformalprojectionwith rectangulaborders.

General StereographicMap

In termsof usagethis projectionis identicalto the Lambertazimuthalequal-aregrojection. Thus,one
canmalke bothrectangulaendhemispherianaps.Our exampleshowns Australiausinga projectionpole at
130E/30S. Thecommandusedwas

#l/bin/sh

# $id:  GMT_stereographic_general.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

gmtset DEGREE_FORMAT OBLIQUE_ANOTATIONO

pscoast -R100/-40/160/-10r -JS130/-30/4i -B30g10/15g15 -DI -A500 -GO -P \

> GMT_stereographic_general.ps
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Figure5.14: Generaktereographiconformalprojectionwith rectangulaborders.

By choosingd°/0°asthe pole,we obtainthe conformalstereonepresenteadhext to its equal-are@ousin
in the Section5.3.1on the Lambertazimuthalequal-aregrojection(Figure5.11).

5.3.3 Orthographic Projection (-Jg —JG)

The orthographicazimuthalprojectionis a perspectie projectionfrom infinite distance. It is therefore
often usedto give the appearancef a globeviewed from space.As with Lamberts equal-areabndthe

stereographiprojection,only onehemisphereanbeviewedat any time. The projectionis neitherequal-
areanor conformal,and muchdistortionis introductednearthe edgeof the hemisphere.The directions
from the centerof projectionaretrue. The projectionwasknown to the Egyptiansand Greeksmorethan
2,000yearsago. Becausat is mainly usedfor pictoral views at a small scale,only the sphericafform is

necessary

To specifythe orthographigrojectionyou mustsupply

¢ Longitudeandlatitudeof the projectioncenter

e Scaleas1:xxxxx or asradius/latitudenvhereradiusis distanceon mapin inchesfrom projectioncenter
to a particular[possiblyoblique]latitude(-Jg), or mapwidth (-JG).

Ourexampleof aperspectieview centeredn 75°W/40°N canthereforebegeneratedby thefollowing
pscoast command:

#!/bin/sh
# $ld:  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 -GO -P > GMT_orthographic.ps

5.3.4 Azimuthal Equidistant Projection (—Je —JE)

Themostnoticeableeatureof this azimuthalprojectionis thefactthatdistancesneasuredrom the center
aretrue. Thereforeacircle aboutthe projectioncenterdefineshelocusof pointsthatareequallyfar avay
from the plot origin. Furthermoredirectionsfrom the centerarealsotrue. The projection,in the polar
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Figure5.15: Hemispheranapusingthe Orthographigrojection.

aspectjs atleastseveralcenturiesold. It is a usefulprojectionfor a globalview of locationsat variousor
identicaldistancdrom a givenpoint (the mapcenter).
To specifythe azimuthalequidistanprojectionyou mustsupply:

¢ Longitudeandlatitudeof the projectioncenter

e Scaleas1:xxxxx or asradius/latitudevhereradiusis distanceon mapin inchesfrom projectioncenter
to a particular[possiblyoblique]latitude(—Je), or mapwidth (—JE).

Our exampleof a global view centeredon 100°W/40°N canthereforebe generatedy the following
pscoast command.Notethatthe antipodalpointis 180° away from the center but in this projectionthis
point plotsasthe entiremapperimeter:

#!/bin/sh

# $ld:  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 -WO0.25p -P > GMT_az_equidistant.ps

5.3.5 GnomonicProjection (—Jf —JF)

The Gnomonicazimuthalprojectionis a perspectie projectionfrom the centeronto a planetangentto
the surface. Its origin goesbackto the old Greekswho usedit for starmapsalmost2500yearsago. The
projectionis neitherequal-areaor conformal,and much distortionis introductednearthe edgeof the
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Figure5.16: World mapusingthe equidistanazimuthalprojection.

hemispherein fact, lessthana hemispheremay be shovn arounda givencenter The directionsfrom the
centerof projectionaretrue. Greatcirclesprojectontostraightlines. Becausét is mainly usedfor pictoral
views ata smallscale,only the sphericaform is necessary

To specifythe Gnomonicprojectionyou mustsupply:

¢ Longitudeandlatitudeof the projectioncenter
e Thehorizon,i.e.,thenumberof degreesirom the centerto theedge.This mustbe < 90°.

e Scaleas1:xxxxx or asradius/latitudenvhereradiusis distanceon mapin inchesfrom projectioncenter
to a particular[possiblyoblique]latitude (-Jf), or mapwidth (—JF).

Using a horizon of 60°, our example of this projection centeredon 120°W/35°N can thereforebe
generatedby thefollowing pscoast command:

#!/bin/sh
# $ld:  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 -Bgl5 -Dc -A10000 -G200 -WO0.25p -P > GMT_gnomonic.ps
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5.4 Cylindrical Projections
5.4.1 Mercator Projection (-Jm —-JM)

Probablythe mostfamousof the variousmap projections,the Mercatorprojectiontakesits namefrom

Mercatorwho presentedt in 1569. It is a cylindrical, conformalprojectionwith no distortionalongthe
equator A majornavigationalfeatureof the projectionis thataline of constantzimuthis straight.Sucha

line is calledarhumbline or loxodtome Thus,to sail from onepointto anotherone only hadto connect
thepointswith astraightline, determingheazimuthof theline, andkeepthis constantoursefor theentire
voyagée. TheMercatorprojectionhasbeenusedextensiely for world mapsin which thedistortiontowards
thepolarregionsgrowsratherlarge, thusincorrectlygiving theimpressiorthat, for example,Greenlands

largerthanSouthAmerica. In reality, thelatteris abouteighttimesthe sizeof GreenlandAlso, the Former
Soviet Union looksmuchbiggerthanAfrica or SouthAmerica. Onemaywonderwhetherthisillusion has
hadary influenceon U.S.foreign policy.

In theregularMercatorprojection,the cylinder touchegheglobealongthe equator Otherorientations
like vertical and oblique give rise to the Trans\erseand Oblique Mercatorprojections,respectrely. We
will discusghesegeneralization$ollowing theregularMercatorprojection.

Theregular Mercatorprojectionrequiresa minimum of parametersTo useit in GM> programsyou
supplythis information(thefirst two itemsareoptionalandhave defaults):

e Centralmeridian[Middle of your map]
e Standardgarallelfor true scale[Equator]
e Scalealongtheequatoiin inch/degreeor 1:xxxxx (—Jm), or mapwidth (—JM)

Our examplepresentsa world mapat a scaleof 0.012inch pr degreewhich will give amap4.32inch
wide. It wascreatedwith thecommand:

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

gmtset DEGREE_FORMAT BASEMAP_TYPH-ANCY
pscoast -R0/360/-70/70 -Jm1.2e-2i -Ba60f30/a30f15 -Dc -A5000 -GO -P > GMT_mercator.ps

0° 60° 120° 180° -120° -60° 0’

0° 60° 120° 180° -120° -60° 0’

Figure5.18: SimpleMercatormap

1Thisis, however, notthe shortestlistancelt is given by thegreatcircle connectinghe two points.



CHAPTERS5. GMT PROJECTIONS 34

While this exampleis centeredn the Dateline,one caneasily chooseanotherconfigurationwith the
—R option. A mapcenteredn Greenwichwould specifytheregion with -R-180/180/-70/70.

5.4.2 TransverseMercator (—Jt =JT)

Thetrans\erseMercatorwasinventedby Lambertin 1772.1n this projectionthe cylinder touchesa merid-
ian alongwhichthereis no distortion. Thedistortionincreasesway from the centralmeridianandgoesto
infinity at90° from center Thecentralmeridian,eachmeridian90° away from the center andequatorare
straightlines; otherparallelsandmeridiansarecomplex curves. The projectionis definedby specifying:

e Thecentralmeridian
e Thelatitudeof origin
e Scalealongtheequatoiin inch/degreeor 1:xxxxx (-Jt), or mapwidth (-=JT)

The optionallatitude of origin defaultsto Equatorif not specified. Our exampleshows a trans\erse
Mercatormapof south-easEuropeandthe Middle Eastwith 35°E asthe centralmeridian:

#!/bin/sh

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

#

pscoast -R20/30/50/45r -Jt35/0.18i -B10g5 -DI -A250 -G200 -WO0.25p -P > GMT_transverse_merc.ps

Figure5.19: Rectangulaifrans\erseMercatormap

Thetrans\erseMercatorcanalsobeusedo generat@globalmap—thesquivalentof the36(0° Mercator
map.Usingthecommand

#!/bin/sh
# $ld: 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 -GO -P > GMT_TM.ps
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we madethe mapillustratedin Figure 5.20. Note that whena world mapis given (indicatedby —
R0/360/s/n), the agumentsareinterpretedto meanobliquedegrees,.e., the 36(° rangeis understoodo
meanthe extentof the plot alongthe centralmeridian,while the“south” and“north” valuesrepresenhow
farfrom thecentrallongitudewe wanttheplot to extend. Thesevaluescorrespondo latitudesin theregular
Mercatorprojectionandmustthereforebe lessthan90 degrees.

.l.‘il p

< -

N ! o
Y. 18p° 150° 420 o

Figure5.20: A global Trans\erseMercatormap

5.4.3 Universal TransverseMercator UTM (—Ju —JU)

A particularsubsetof the transverseMercatoris the Universal Trans\erseMercator (UTM) which was
adoptedby the US Army for large-scalemilitary maps.Here,the globeis dividedinto 60 zonesbetween
84°S and84°N, mostof which are6° wide. Eachof theseUTM zoneshave their uniquecentralmeridian.
GMY implementshoththetranserseMercatorandthe UTM projection. WhenselectingUTM you must

specify:
¢ UTM zone(1-60).Useneggative valuefor zonesn the southerrhemisphere

e Scalealongtheequatoiin inch/degreeor 1:xxxxx (—Ju), or mapwidth (-JU)

In orderto minimize the distortionin ary givenzone,a scalefactorof 0.9996hasbeenfactoredinto
theformulae.Thescaleonly variesby 1 partin 1,000from true scaleat equator Theellipsoidalprojection
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expressionareaccuratdor mapareaghatextendlessthan10® away from the centralmeridian.For larger
regionswe usethe conformallatitudein thegenerakphericaformulaeinstead.

5.4.4 Obliqgue Mercator (—Jo—-JO)

Obligueconfigurationf the cylinder give riseto the obliqueMercatorprojection.lt is particularlyuseful
when mappingregions of large lateral extentin an oblique direction. Both parallelsand meridiansare
comple curves. The projectionwasdevelopedin the early 1900sby severalworkers. Severalparameters
mustbe providedto definetheprojection.GawM> offersthreedifferentdefinitions:

1. Option—Joaor-JOa:

e Longitudeandlatitudeof projectioncenter
e Azimuth of the obliqueequator
e Scalein inch/dggreeor 1:xxxxx alongobliqueequator—Joa), or mapwidth (—JOa)

2. Option—Job or —JOb:

¢ Longitudeandlatitudeof projectioncenter
¢ Longitudeandlatitudeof secondoint on obliqueequator
e Scalein inch/dggreeor 1:xxxxx alongobliqueequaton—Job), or mapwidth (—JOb)

3. Option—Jocor—-JOc:

e Longitudeandlatitudeof projectioncenter
e Longitudeandlatitudeof projectionpole
e scalein inch/degreeor 1:xxxxx alongobliqgueequator—Joc), or mapwidth (—JOc)

Our examplewasproducedoy the command

#!/bin/sh
# $ld:  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 -DI -A250 -G200 -W0.25p -P \
> GMT_oblique_merc.ps
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Figure5.21: ObligueMercatormapusing—Joc

It usedefinition3 for anobliqueview of someCaribbearislands.Notethatwe defineour regionusing
therectangulasystemdescribecearlier If we do notappendan‘r’ to the—R stringthentheinformation
providedwith the—R optionis assumedo be oblique degreesaboutthe projectioncenterratherthanthe
usualgeographicoordinatesThis interpretatioris chosersincein generathe parallelsandmeridiansare
notvery suitableasmapboundaries.

5.4.5 CassiniCylindrical Projection (-Jc—-JC)

This cylindrical projectionwasdevelopedin 1745by C. F. Cassinifor the survey of France.lt is occasion-
ally calledCassini-Soldnesincethelatterprovidedthe moreaccuratanathematicahnalysighatledto the

developmentof the ellipsoidalformulae. The projectionis neitherconformalnor equal-areaandbehaes
asa compromisebetweenthe two end-membersThe distortionis zeroalongthe centralmeridian. It is

bestsuitedfor mappingregionsof north-southextent. The centralmeridian,eachmeridian90° away, and
equatorarestraightlines; all othermeridiansandparallelsarecomplex curves. Therequirementso define
this projectionare:

¢ Longitudeandlatitudeof centralpoint

e Scalein inch/dggreeor as1:xxxxx (—Jc), or mapwidth (-JC)

A detailedmapof theislandof Sardiniacenterecn the 8°45’'E meridianusingthe Cassiniprojection
canbe obtainedby 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 \
-la/0.5p -P > GMT_cassini.ps
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Figure5.22: Cassinimapover Sardinia

As with the previous projections the usercanchoosebetweena rectangulaboundary(usedhere)or a
geographica(WESN)boundary
5.4.6 Cylindrical Equidistant Projection (—Jgq—-JQ)

This simple cylindrical projectionis really a linear scalingof longitudesand latitudes(if you desirea
differentscalingfor oneof the axesyou mustchoosehe linear projection—Jx andappendd for degrees;
seeSection5.1.4.) It is alsoknown asthe PlateCarieeprojection.All meridiansandparallelsarestraight
lines. Therequirementso definethis projectionare:

e Thecentralmeridian

e Scalein inch/dggreeor as1:xxxxx (—Jq), or mapwidth (-JQ)

A world mapcenteredn the datelineusingthis projectioncanbe obtainedby runningthe command:

#!/bin/sh
# $ld:  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 -GO -P > GMT_equi_cyl.ps
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0’ 60° 120° 180° -120° -60° 0’

Figure5.23: World mapusingthe equidistantylindrical projection

5.4.7 General Cylindrical Projections(-Jy—-JY)

This cylindrical projectionis actually several projections,dependingon what latitude is selectedasthe
standardparallel. However, they areall equalareaandhencenon-conformal.All meridiansandparallels
arestraightlines. Therequirementso definethis projectionare:

e Thecentralmeridian
e Thestandardgarallel
e Scalein inch/dggreeor as1:xxxxx (—Jy), or mapwidth (=JY)

While you may chooseary valuefor the standarcparalleland obtainyour own personalprojection,
therearefour choicesof standardarallelsthatresultin known (or named)projections.Thesearelistedin

Table5.1.

Projectionname | Standad parallel
Lambert 0°
Behrman 3¢
Trystan-Edvards| 37°24' (= 37.4)
PeterqGall) 45°

Table5.1: Standardparallelsfor somecylindrical projections

Forinstanceaworld mapcenterednthe 35°E meridianusingthe Behrmarprojectioncanbeobtained
by runningthe command:

#1/bin/sh
# $ld:  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 -WO0.25p -P > GMT_general_cyl.ps
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Figure5.24: World mapusingthe Behrmancylindrical projection

As onecanseethereis considerabla@listortionat high latitudessincethe polesmapinto lines.

5.4.8 Miller Cylindrical Projections(-Jj —JJ)

This cylindrical projection,presentecdby O. M. Miller of the AmericanGeographicSocietyin 1942,is
neitherequalnor conformal. All meridiansandparallelsare straightlines. The projectionwasdesigned
to be a compromisebetweenMercatorand other cylindrical projections. Specifically Miller spacedhe
parallelsby usingMercatorsformulawith 0.8 timesthe actuallatitude,thusavoiding the singularpoles;
theresultwasthendivided by 0.8. Thereis only a sphericaform for this projection. The requirementso
definethis projectionare:

e Thecentralmeridian
e Thestandardcarallel

e Scalein inch/degreeor as1:xxxxx (=Jj), or mapwidth (-=JJ)

For instance,a world map centeredon the 90°E meridianat a map scaleof 1: 400,000,00Qcan be
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 -WO0.25p -P \

> GMT_miller.ps
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Figure5.25: World mapusingthe Miller cylindrical projection
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5.5 MiscellaneousProjections

GMY supports8 commonprojectionsfor global presentatiorof dataor models. Thesearethe Hammer
Mollweide,Winkel Tripel, RobinsonEckertlV andVI, SinusoidalandVander Grintenprojections.Due
to the small scaleusedfor global mapstheseprojectionsall usethe sphericalapproximationratherthan
moreelaborateelliptical formulae.

5.5.1 Hammer Projection (-Jh —JH)

The equal-areaHammer projection, first presentedoy Ernstvon Hammerin 1892, is also known as
HammerAitoff (the Aitoff projectionlooks similar, but is not equal-area)The borderis anellipse,equa-
tor and centralmeridianare straightlines, while other parallelsand meridiansare comple< curves. The
projectionis definedby selecting:

e Thecentralmeridian
e Scalealongequatorin inch/degreeor 1:xxxxx (—Jh), or mapwidth (—JH)

A view of the Pacific oceanusingthe Datelineascentralmeridianis accomplishedhus

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

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

Figure5.26: World mapusingthe Hammerprojection

5.5.2 Mollweide Projection (-Jw —-JW)

This pseudo-glindrical, equal-aregrojectionwas developedby Mollweidein 1805. Parallelsare un-
equally spacedstraightlines with the meridiansbeing equally spacedelliptical arcs. The scaleis only
true alonglatitudes40°44’ north andsouth. The projectionis usedmainly for global mapsshawving data
distributions. It is occasionallyreferencedinderthe namehomalographigrojection. Like the Hammer
projection,outlinedabove, we needto specifyonly two parameterso completelydefinethe mappingof
longitudesandlatitudesinto rectangulax/y coordinates:

e Thecentralmeridian
e Scalealongequatorin inch/degreeor 1:xxxxx (—Jw), or mapwidth (—JW)

An examplecenteredn Greenwichcanbe generatedhus:
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#!/bin/sh

# $ld:  GMT_mollweide.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $

#

pscoast -R-180/180/-90/90 -JWO0/4.5i -Bg30/g15 -Dc -A10000 -GO -P > GMT_mollweide.ps

Figure5.27: World mapusingthe Mollweideprojection

5.5.3 Winkel Tripel Projection (—-Jr —JR)

The Winkel Tripel projection, presentedy Oswald Winkel in 1921,is a modified azimuthalprojection
thatis neitherconformalnor equal-area.Centralmeridianand equatorare straightlines; other parallels
and meridiansare curved. The projectionis obtainedby averagingthe coordinatesof the Equidistant
Cylindrical and Aitoff (not HammertAitoff) projections. The polesmapinto straightlines 0.4 timesthe
lengthof equator To useit you mustenter

e Thecentralmeridian

e Scalealongequatorin inch/degreeor 1:xxxxx (-Jr), or mapwidth (-JR)

Centeredn Greenwichthe examplein Figure5.28wascreatedoy thiscommand:

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

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

5.5.4 RobinsonProjection (—Jn—JN)

TheRobinsorprojection presentedy Arthur H. Robinsorin 1963,is amodifiedcylindrical projectionthat
is neitherconformalnor equal-areaCentralmeridianandall parallelsarestraightlines; othermeridians
arecurved. It usedookuptablesratherthananalyticexpressiongo make theworld map“look” right?. The
scaleis truealonglatitudes+ 38°. The projectionwasoriginally developedfor useby RandMcNally and
is currentlyusedby the NationalGeographicSociety To useit you mustenter

e Thecentralmeridian

e Scalealongequatorin inch/degreeor 1:xxxxx (—Jn), or mapwidth (—IN)

Again centerecbn Greenwichthe examplebelow wascreatedy this command:

#1/bin/sh

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

#

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

2Robinsonprovided a table of y-coordinatedor latitudesevery 5°. To projectvaluesfor intermediatdatitudesone mustinter
polatethe table. Differentinterpolantsmay resultin slightly differentmaps. GMT usesthe interpolantselectecby the parameter
INTERPOLANT in the .gmtde&ultsfile.
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Figure5.29: World mapusingthe Robinsonprojection

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

TheEckertlV andVI projections presentedy Max Eckertin 1906,arepseudoglindrical equal-aregro-
jections. Centralmeridianandall parallelsarestraightlines; othermeridiansareequallyspacecklliptical
arcs(IV) or sinusoidgVI). Thescaleis truealonglatitudes+ 40°30’ (IV) and+ 49°16’ (VI). Theirmain
useis in thematicworld maps. To selectEckert IV you mustuse—JKf (f for “four”) while Eckert VI is
selectedvith —JKs (sfor “six”). If nomadifieris givenit defaultsto EckertVI. In addition,you mustenter

e Thecentralmeridian
e Scalealongequatorin inch/degreeor 1:xxxxx (—Jk), or mapwidth (—JK)

Centeredn the Dateline the Eckert 1V examplebelon wascreatedoy this command:

#l/bin/sh
# $ld:  GMT_eckertd.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#

pscoast -R0/360/-90/90 -JKf180/4.5i -Bg30/g15 -Dc -A10000 -WO0.25p -G255 -S200 -P > GMT_eckert4.ps

Figure5.30: World mapusingthe Eckert 1V projection

Thesamescript,with sinsteadof f, yieldsthe Eckert VI map:
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Figure5.31: World mapusingthe Eckert VI projection

5.5.6 SinusoidalProjection (-Ji —JI)

Thesinusoidaprojectionis oneof the oldestknown projectionsjs equal-areaandhasbeenusedsincethe
mid-16thcentury It hasalsobeencalledthe “Equal-areaMercator” projection. The centralmeridianis a
straightline; all othermeridiansaresinusoidalcurves. Parallelsareall equallyspacedstraightlines, with
scalebeingtrue alongall parallels(andcentralmeridian).To useit, you needto select:

e Thecentralmeridian

e Scalealongequatorin inch/degreeor 1:xxxxx (=Ji), or mapwidth (—JI)

A simpleworld mapusingthe sinusoidaprojectionis thereforeobtainedby

#!/bin/sh

# $ld:  GMT_sinusoidal.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $

#

pscoast -R-180/180/-90/90 -J10/4.5i -Bg30/g15 -Dc -A10000 -G128 -P > GMT_sinusoidal.ps

Figure5.32: World mapusingthe Sinusoidalprojection

To reducedistortionof shapeheinterruptedsinusoidalbprojectionwasintroducedn 1927.Here,three
symmetricalsegmentsare usedto cover the entireworld. Traditionally, the interruptionsare at 166°W,
20°W, and60°E. To make theinterruptedmapwe mustcall pscoast for eachsegmentandsuperposé¢he
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results.To produceaninterruptedworld map(with the traditionalboundariegust mentioned}hatis 5.04
incheswide we usethescale5.04/360 = 0.014andoffsetthesubsequentlotshorizontallyby theirwidths
(140°-0.014and80°-0.014):

#1/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 -GO -P -K -P > GMT_sinusoidal_int.ps
pscoast -R-20/60/-90/90 -Ji20/0.014i -Bg30/g15 -Dc -A10000 -GO -X1.96i -O -K >> GMT_sinusoidal_int.ps
pscoast -R60/200/-90/90 -Ji130/0.014i -Bg30/g15 -Dc -A10000 -GO -X1.12i -O >> GMT_sinusoidal_int.ps

Figure5.33: World mapusingthe InterruptedSinusoidalprojection

Theusefulnessf theinterruptedsinusoidalprojectionis basicallylimited to displayof global,discon-
tinuousdatadistributionslik e hydrocarborandmineralresourcesetc.
5.5.7 Vander Grinten Projection (-Jv—-JV)

TheVanderGrintenprojection,presentedy AlphonsJ.vander Grintenin 1904 is neitherequal-areaor
conformal. Centralmeridianand Equatorarestraightlines; othermeridiansarearcsof circles. The scale
is true alongthe Equatoronly. Its main useis to shav the entireworld enclosedn a circle. To useit you
mustenter

e Thecentralmeridian

e Scalealongequatorin inch/degreeor 1:xxxxx (—=Jv), or mapwidth (-JV)

Centerednthe Dateline the examplebelon wascreatedby thiscommand:

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

pscoast  -R0/360/-90/90 -JvV180/4i  -Bg30/gl5 -Dc -G200 -A10000 -WO0.25p -P > GMT_grinten.ps
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Figure5.34: World mapusingthe Vander Grintenprojection
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6. Cook-book

In this sectionwe will be giving several examplesof typical usageof GMY programs.In generalwe will
startwith a raw dataset,manipulatethe numbersn variousways, thendisplaythe resultsin diagramor
mapview. The resultingplotswill have in commonthatthey areall madeup of simplerplots that have
beenoverlaidto createa complex illustration. We will mostlyfollow thefollowing format:

1. We explain whatwe wantto achievein plainlanguage.
2. We present cshellscriptthatcontainsall commandsisedto generateheillustration.
3. We explaintherationalebehindthe commands.

4. We presentheillustration,50%reducedn size,andwithout the timestamp(—U).

A detaileddiscussiorof eachcommands not given; we refer you to the manualpagesor command
line syntax,etc. We encourageyou to run thesescriptsfor yourself. SeeAppendixD if youwould like an
electronicversionof all the shell-scriptgboth csh and bash scriptsareavailable;only the csh-scriptsare
discussedhere)andsupportdatausedbelon. Note thatall examplesexplicitly specifieshe measurement
units, soalthoughwe useinchesyou shouldbe ableto run thesescriptsandgetthe sameplotsevenif you
have cm asthe default measureunit. The examplesareall written to be “quiet”, thatis no information
is echoedto the screen.Thus, thesescriptsare well suitedfor backgroundexecution. Note that we also
endeachscriptby cleaningup afteroursehes. Becauseawk is brokenasdesignedn somesystemsand
nawk is not availableon otherswe referto $AWK in the scriptsbelow; the do_examplesscriptswill set
thiswhenrunningall examples.

6.1 The making of contour maps

We wantto createtwo contourmapsof the low ordergeoidusingthe Hammerequalareaprojection. Our

griddeddatafile is calledosu91alfl6.grdandcontainsa global 1° by 1° griddedgeoid (we will seehow

to make griddedfiles later). We would like to shov onemapcenteredn Greenwichandonecenteredn

thedateline.Positive contoursshouldbe dravn with a solid penandnegative contourswith a dashedpen.

Annotationsshouldoccurfor every 50 m contourlevel, andbothcontourmapsshouldshawv the continents
in light grayin the background.Finally, we want a rectangulaframe surroundingthe two maps. This is

how it is done:

gmtset GRID_CROSS_SIZEO ANOT_FONT_SIZE 10
psbasemap -R0/6.5/0/9 -Jxli  -BO -P -K -U"'Example 1 in Cookbook" >! example_01.ps

pscoast  -R-180/180/-90/90 -JHO/6i  -X0.25i -Y0.5i -O -K -Bg30 -Dc -G200 >> example_01.ps

grdcontour -R osu9lalf 16.grd -JH -C10 -A50f7 -G4i -L-1000/-1 -Wc0.25pta  -Wa0.75pt2_2:0 -0 K\
-T0.1i/0.02i >> example_01.ps

grdcontour -R osu9lalf_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  osu9lalf_16.grd -JH -C10 -A50f7 -G4i -L-1000/-1 -Wc0.25pta  -Wa0.75pt2_2:0 -0 -K \

-T0.1i/0.02i:-+ >> example_01.ps
grdcontour osu9lalf_16.grd -JH -C10 -A50f7 -G4i -L-1/1000 -O -TO0.1i/0.02i:-+ >> example_01.ps
\rm -f .gmtcommands

Thefirst commanddraws abox surroundinghemaps.Thisis followedby two sequencesf 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 and plot those
with adasheden,thenpositive contoursonly anddraw with a solid pen[Default]. The—T optioncauses
tickmarkspointingin the downhill directionto be drawn on theinnermostclosedcontours.For the upper
panelwe alsoadded and+ to thelocal lows andhighs. You canfind this illustrationasFigure6.1.
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Low Order Geoid

Figure6.1: Contourmapsof griddeddata

6.2 Image presentations

As our secondexamplewe will demonstrat&iow to make color imagesfrom griddeddatasets(again,we

will deferrthe actualmakingof griddedfiles to later examples).We will usethe supplementaprogram
grdraster to extract2-D grdfilesof bathymetryandGeosaigeoidheightsand put the two imageson the
samepage.Theregion of interestis the Hawaiianislands,anddueto the obliquetrendof theislandchain
we preferto rotateour geographicatlatasetsusingan oblique Mercatorprojectiondefinedby the hotspot
poleat (68°W, 69°N). We choosethe point (190C°, 25.5°) to bethe centerof our projection(e.g.,thelocal

origin), andwe wantto imagea rectangularegion definedby the longitudesandlatitudesof the lower left

andupperright cornerof region. In our casewe choosg16(°, 20°) and(220°, 30°) asthe corners.We use
grdimage to make theillustration:

gmtset HEADER_FONT_SIZE30 OBLIQUE_ANOTATIONO DEGREE_FORMATU
makecpt -Crainbow  -T-2/14/2 >l 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 -0 -K -L -B2:GEOID:/:m: -E >> example_02.ps

grd2cpt  HI_topo2.grd -Crelief -Z > tept

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 \
-Ctept  -Y4.5i >> example_02.ps

psscale  -Ct.cpt -D5.1i/1.35i/2.88i/0.4i -O -K -10.3 -B2:TOPO:/:km: >> example_02.ps

cat << EOF| pstext -R0/8.5/0/11 -Jxli  -O -N -Y-4.5i >> example_02.ps

04 75 3000 12a)

-04 3.0 30 00 12b

EOF

\rm -f .gmtcommands HI_topo2_int.grd ?.cpt
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Thefirst stepextractsthe 2-D datasetsfrom the local databaseusinggrdraster , which is a supple-
mentalutility program(seeAppendixA) thatmaybeadaptedo reflectthe natureof your databaseformat.
It automaticallyfiguresouttherequiredextentof theregion giventhetwo cornergpointsandtheprojection.
The extrememeridiansandparallelsenclosingthe obliqueregionis —R159:50/220:10/3:10/435. Thisis
the areaextractedby grdraster . For your corvenienceve have commentedut thoselinesandprovided
thetwo extractedfiles soyou do not needgrdraster to try this example. By usingthe embeddedyrdfile
format mechanisnwe saved the topographyusingkilometersasthe dataunit. We now have two grdfiles
with bathymetryandgeoidheights,respectiely. We usemakecpt to generatea linear color palettefile
geoid.cptfor the geoidandusegrd2cpt to geta histogram-equalizedptfile topo.cptfor the topography
data.To emphasiz¢hestructuresn thedatawe calculatetheslopesn the north-southdirectionusinggrd-
gradient ; thesewill beusedto modulatethe colorimage.Next we run grdima ge to createa color-code
imageof the Geosageoidheights,anddraw a color scaleto theright of theimagewith psscale . We also
annotatehe color scaleswith psscale . Similarly, we run grdimage but specify—Y4.5to plot above the
previousimage.Adding scaleandlabelthe two plotsa) andb) completegheillustration (Figure6.2).

HAWAIIAN TOPO AND GEOID

Ohvieky

2 v, e e N
=
) =) 2. k) )

Figure6.2: Colorimagesfrom griddeddata

6.3 Spectral estimationand xy-plots

In this examplewe will shov how to usethe GMY programsfitcir cle, project, sampleld , spec-
trumld , psxy, andpstext. Supposeyou have (lon, lat, gravity) alonga satellitetrack in a file called
sat.xyg and(lon, lat, gravity) alongashiptrackin afile calledship.xyg Youwantto make a cross-spectral
analysisof thesedata. First, you will have to getthe two datasetsinto equidistantlysampledime-series
form. To dothis, it will be corvenientto projectthesealongthe greatcircle that bestfits the sattrack.
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We mustusefitcir cle to find this greatcircle andchoosethe L, estimatesf bestpole. We projectthe
datausingproject to find outwhattheir rangesarein the projectedcoordinate.Theminmax utility will
reportthe minimum and maximumvaluesfor multi-columnASCII tables. Usethis informationto select
the rangeof the projecteddistancecoordinatethey have in common. The script promptsyou for thatin-
formationafter reportingthe values.We decideto make afile of equidistansamplingpointsspaced. km
apartfrom-1167to +1169,andusethe UNIX utility $AWK to accomplistthis step.We canthenresample
the projecteddata,and carry out the cross-spectratalculations,assuminghat the ship is the input and
the satelliteis the outputdata. Thereare severalintermediatestepsthat producehelpful plots shaving the
effect of the variousprocessingteps(example 3[a—f].p9, while the final plot example03.psshows the
shipandsatpowerin onediagramandthe cohereng on anotherdiagram bothonthesamepage.Notethe
extendeduseof pste xt andpsxy to putlabelsandlegendsdirectly ontheplots. For thatpurposewe often
use—Jxli andspecifypositionsin inchesdirectly. Thus,thecompleteautomatedcriptreads:

fitcircle satxyg -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 satpg ship.pg | minmax -1100/25 -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  -Y15i -K -Wilp satpg \
-Ba500f100:"Distance along great circle":/al00f25:"Gravity anomaly (mGal):WeSn >! example_03a.ps

psxy -R -JX -O -Sp0.03i ship.pg >> example_03a.ps
$AWK'{ if (NR > 1) print $1 - lastl; lastl = $1; } shippg | pshistogram -W0.1 -GO -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 - lastl; lastl = $1; } sat.pg | pshistogram -W0.1 -GO -JX3i -O \
-X5i  -B:."Sat" >> example_03b.ps

head -1 ship.pg >! ship.pg.extr

head -1 satpg >! sat.pg.extr

paste ship.pg.extr sat.pg.extr | SAWK'{ if ($1 > $3) print int($1); else print  int($3); Yo
>l samprl

tal -1 ship.pg >! ship.pg.extr

tail -1 satpg >! sat.pg.extr

paste ship.pg.extr sat.pg.extr | SAWK'{ if ($1 < $3) print int($1); else print int($3); Yo\
>l sampr2

set sampr = ‘paste samprl sampr2‘

$AWK'BEGIN { for (i = '$sampr[l]; i <= '$sampr[2]; i++) print i } /dev/null >l samp.x

sampleld sat.pg -Nsamp.x >! samp_sat.pg

filterld ship.pg -Fml -T$sampr[1])/$sampr[2]/1 -E | sampleld -Nsamp.x >! samp_ship.pg

psxy -R$plotr[1]/$plotr[2]/$plotr[3]/$plotr[4] -JX8i/5i -X2i  -Y15i -K -W1lp samp_satpg \
-Ba500f100:"Distance along great circle":/al00f25:"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_satpg | cut -f24 | spectrumld -S256 -D1 -W -C >& /dev/null

psxy spectrum.coh  -Balf3p:"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 -GO \

-Ey/2  -Y15i >! example_03.ps
echo "3.85 3.6 18 0.0 1 11 Coherency@+2@+" | pstext -R0/4/0/3.75 -Jxli  -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 -W15p box.d >> example_03.ps

psxy -Balf3p/alf3p:"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/l2 >> example_03.ps

psxy spectrum.ypower -R -JX -O -K -GO -Sc0.07i -Ey/2 >> example_03.ps

echo "39 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 -W15p 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

14 0.9

0.25 0.9

END

echo "0.4 0.7" | psxy -R -Jx -O -K -St0.07i -GO >> 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 04" | psxy -R -Jx -O -K -Sc0.07i -GO >> example_03.ps

echo "05 04 14 0.0 1 5 Satellite" | pstext -R -Jx -O >> example_03.ps

trendld -Fxw -N2r samp_ship.pg >! samp_ship.xw

psxy -R$plotr[1]/$plotr[2]/$plotr[3]/$plotr[4] -JIX8i/4i -X2i  -Y1.5i -K -Sp0.03i \
-Ba500f100:"Distance along great circle":/al00f25:"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

trendld -Fxrw -N2r samp_ship.pg | $AWKY{ if ($3 > 0.6) print $1, $2 } | sampleld -Nsamp.x >! \
samp2_ship.pg

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

set plotr = ‘cat samp2_satpg samp2_ship.pg | minmax -1100/25 -C'

psxy -R$plotr[1]/$plotr[2]/$plotr[3]/$plotr[4] -JX8i/5i -X2i Y15 -K -Wilp \
-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_satpg | cut -f24 | spectrumld -S256 -D1 -W -C >& /dev/null

psxy spectrum.coh -Balf3p:"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 -X25i -Sc0.07i -GO \

-Ey/2 -Y15i >! 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 -W15p box.d >> example_03f.ps

psxy -Balf3p/alf3p:"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 -GO -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 -0 -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 07" | psxy -R -Jx -O -K -St0.07i -GO >> example_03f.ps

echo "0.5 0.7 14 0.0 1 5 Ship" | pstext -R -Jx -O -K >> example_03f.ps
echo "04 04" | psxy -R -Jx -O -K -Sc0.07i -GO >> example_03f.ps

echo "0.5 04 14 0.0 1 5 Satellite” | pstext -R -Jx -O >> example_03f.ps

\rm -f box.d report samp* *.pg *.extr spectrum.* .gmtcommands

Thefinalillustration(Figure6.3) shavsthatthe shipgravity anomaliehave morepowerthanaltimetry
derivedgravity for shortwavelengthsaandthatthecohereng betweerthetwo signalsmprovesdramatically
for wavelengths> 20 km.

6.4 A 3-D perspectve meshplot

This examplewill illustrate how to make a fairly complicatedcompositefigure. We needa subsewf the
ETOPO5bathymetry and Geosatgeoid datasetswhich we will extract from the local databasesusing
grdraster . We would like to shaw a 2-layerperspectire plot wherelayeroneshavs a contourmapof the
marinegeoidwith the location of the Hawaiianislandssuperposedanda secondayer shawing the 3-D
meshplot of thetopographyWe alsoaddanarrow pointingnorthandsometext. Thisis how to doit:

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 -Y15 \
-U/-1.25i/-1.25i/"Example 4 in Cookbook" >! example_04.ps

pscoast -Jm -E60/30 -R -B2/2NEsw -GO -O -K >> example_04.ps

echo 205 26 0 0 1.1' | psxyz -Jm -E60/30 -R -SV0.2i/0.5i/0.4ii -W1lp -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 -0 -K \

-B2/2/2:"Topo (km)":neswZ  -Y2.2i >> example_04.ps
echo '325 575 60 0.0 33 2 H@#awaiian@# R@#idge’ | pstext -R0/10/0/10 -Jxli  -O >> example_04.ps
\rm -f zero.cpt
csh -f job4c.csh

Thepurposeof the color palettefile zero.cptis to have the positive topographymeshpaintedlight gray
(theremaindeiis white). Figure6.4 showvs the completeillustration.

A color versionof this figure wasusedin our first articlein EOS Trans. AGU (Oct. 8th, 1991). It
was createdalongsimilar lines, but insteadof a meshplot we chosea color-codedsurfacewith artificial

1Thesedataareavailableon CD-ROM from NGDC (www.ngdc.noaa.gg.
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Figure6.3: Spectrakestimationandx/y-plots

illumination from alight-sourceduenorth. We chooseo usethe—Qi optionin grdview to achieve ahigh
degreeof smoothnessHere,we selectl00dpi sincethatwill betheresolutionof ourfinal rasteTheEOS
rasterwas300dpi). We usedgrdgradient to provide the intensityfiles. Thefollowing scriptcreateghe
color PostScripffile. Notethatthesizeof theresultingoutputfile is directly dependentnthe squareof the
dpi choserfor thescanlinecorversion.A highervaluefor dpi in —Qi would have resultedn a muchlarger
outputfile. Thecptfiles weretakenfrom 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 -GO -O -K >> example_4c.ps

echo 205 26 0 0 1.1' | psxyz -JM -E60/30 -R -SVO0.2i/0.5i/0.4ii -Wi1p -G255/0/0 -O -K -N \

>> example_4c.ps
echo 205 292 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 -Jxli  -O >> example_4c.ps
\rm -f *_intens.grd .gmtcommands

6.5 A 3-Dilluminated surfacein black and white

Insteadof a meshplot we may chooseo shav 3-D surfacesusingartificial illumination. For this example
wewill usegrdmath to make agrdfile thatcontainghesurfacegivenby thefunctionz(x,y) = cog2rr /8) -
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e /10, wherer? = (x% + y?). Theillumination is obtainedby passingwo grdfilesto grdview: Onewith
the z-values(the surface)and anotherwith intensity values(which shouldbe in the +1 range). We use
grdgradient to computehehorizontalgradientsn thedirectionof theartificial light source. Thegray.cpt
file only hasoneline thatstateghatall z valuesshouldhave the graylevel 128. Thus,variationsin shade
areentirelydueto variationsin gradientspr illuminations.We chooseo illuminatefrom the SWandview
thesurfacefrom SE:

grdmath -R-15/15/-15/15 -10.3 X Y HYPOTDUP 2 MULPI MUL8 DIV COSEXCHNEG10 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 -lintensity.grd -X1.51 -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 "41 55 50 0 33 2 z(r) = cos (2@p@T/8) * e@+-r/10@+" | pstext -R0/11/0/8.5 -Jxli -0\
>> example_05.ps
\rm -f gray.cpt sombrero.grd intensity.grd .gmtcommands

The variationsin intensitycould be mademoredramaticby usinggrdmath to scaletheintensityfile
beforerunninggrdview. For very roughdatasetsonemayimprove the smoothnessf the intensitiesby
passinghe outputof grdgradient to grdhisteq . The shell-scriptabose will resultin a plot like theone
in Figure6.5.

6.6 Plotting of histograms

QMDY providestwo tools to renderhistograms:pshistogram andpsrose. The former takes care of
regular histogramswhereashe latter dealswith polar histograms(rosediagrams,sectordiagrams,and
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windrosediagrams) We will shov anexamplethatinvolvesbothprogramsThefile fractures.yxcontainsa
compilationof fracturelengthsanddirectionsasdigitized from geologicalimaps.Thefile v3206.tcontains
all the bathymetrymeasurementom Vemacruise 3206. 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 -GO -R0/1/0/360 -X2.51 \
-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 -LO.5p -Z1 -W250 >> example_06.ps

\rm -f .gmtcommands

6.7 A simplelocation map

Many scientificpapersstartout by showving alocationmapof theregion of interest.Thismapwill typically
alsocontaincertainfeaturesandlabels.Thisexamplewill presentlocationmapfor theequatorialAtlantic
oceanwherefracturezonesandmid-ocearridge segmentshave beenplotted. We alsowould lik e to plot
earthquak locationsandavailableisochrons.We have obtainedonefile, quakes.xym which containsthe
positionand magnitudeof available earthquaksin the region. We chooseto usemagnitude/10Gor the
symbol-sizein inches. The digital fracturezonetraces(fz.xy) andisochrong0 isochronasridge.xy, the
restasisochrons.xy were digitized from available mapg. We createthe final location map (Figure 6.7)
with the following script:

pscoast -R-50/0/-10/20 -JM9i  -K -GP300/26 -DI -W0.25p -B10 -U"Example 7 in Cookbook" >! example_07.ps

psxy -R -JM -O -K -M fzxy -WO0.5pta >> 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 -WO0.75p >> example_07.ps

psxy -R -JM -O -K -M ridge.xy -W1.75p >> example_07.ps

psxy -R -JM -O -K -G255 -Wlp -A << END >> example_07.ps

-14.5 15.2

-2 15.2

-2 17.8

-14.5 17.8

2Thesedataareavailableon CD-ROM from NGDC (www.ngdc.noaa.go.
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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 "-135 16.5" | psxy -R -JM -O -K -Sc0.08i -G255 -WO0.5p >> example_07.ps
echo "-125 165 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

The samefigure could equallywell be madein color, which could be rasterizecandmadeinto a slide
for ameetingpresentationThescriptis similar to theoneoutlinedabove, exceptwe would choosea color
for landandoceansandselectcoloredsymbolsandpensratherthanblackandwhite.

6.8 A 3-D histogram

The programpsxyz allows usto plot three-dimensionadymbols,including columnarplots. As a simple
demonstrationwe will corvertagriddednetCDFof bathymetnjinto anASCII xyztableandusetheheight
informationto draw a 2-D histogramin a 3-D perspectire view. Our griddedbathymetryfile is called
topo.grdandcoverstheregionfrom 0 to 5 °E and0 to 5 °N. Depthrangesrom -5000meterto sea-l&el.
We producetheillustrationby runningthis command:
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grd2xyz guinea_bay.grd >l $$

psxyz $$ -B1/1/1000:"Topography (m)"::.ETOPO5:WSneZ+  -R-0.1/5.1/-0.1/5.1/-5000/0 \
-P -JM5i -JZ6i -E200/30 -S00.0833333ub-5000 -U"Example 8 in Cookbook" -WO0.25p -G240 -K >! \
example_08.ps

echo '0.1 49 24 01 9 This is the surface of cube’ | pstext -R -JM -JZ -Z0O -E200/30 -O \
>> example_08.ps

\rm -f  $$ .gmtcommands

Theoutputcanbeviewedin Figure6.8.

6.9 Plotting time-seriesalongtracks

A commonapplicationin mary scientific disciplinesinvolves plotting one or several time-seriesas as
“wiggles” alongtracks. Marine geophysicist®ften display magneticanomaliesn this mannerandseis-
mologistsusethe techniquewhenplotting individual seismictraces.In our examplewe will shov how a
setof Geosaseasurfaceslopeprofilesfrom the southPacific canbeplottedas“wiggles” usingthepswig-
gle program.We will embellishthe plot with track numbersthelocationof the Pacific-AntarcticRidge,
recognizedracturezonesin thearea,anda “wiggle” scale.The Geosatracksarestoredin thefiles *.xys,
theridge in ridge.xy, andall the fracturezonesare storedin the multiple segmentfile fz.xy. We extract
the profile id (whichis thefirst partof thefile namefor eachprofile) andthelastpointin eachof thetrack
files to constructaninputfile for pste xt thatwill labeleachprofile with thetracknumber We know the
profilestrendapproximatelyN40°E sowe wantthelabelsto have thatsameorientation(i.e., theanglewith
thebaselinemustbe 50°). We do this by extractingthe lastrecordfrom eachtrack, pastethis file with the
tracks.lisfile, anduse$AWK to createheformatneededor pste xt. Notewe offsetthepositionsby -0.05
inchwith —D in orderto have a smallgapbetweerthe profile andthelabel:

pswiggle  track_*.xys -R185/250/-68/-42 -U"Example 9 in Cookbook" -K -Jm0.13i -BalOf5 -GO -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 fzxy -WO0.5pta >> 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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end

Is track_*.xys | $SAWK-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 -0\
>> example_09.ps

\rm -f tmp tracks.lis .gmtcommands

Theoutputshavsthesea-surdceslopesalong4?2 descendingseosatracksin the EltaninandUdintsey
fracturezoneregion in a Mercatorprojection(Figure6.9).

6.10 A geographicalbar graph plot

Our next andperhapssilliest examplepresents three-dimensionabamgraphplot shaving the geographic
distribution of themembershipn the AmericanGeophysicalUnion (AGU). Theinputdatawastakenfrom
the1991AGU membeirectoryandaddedupto givetotalmembergpercontinent.We decideto plota3-D
columncenteredn eachcontinentwith a heightthatis proportionalto thelogarithmof the membershipA
logio-scaleis usedsincethe membershipsary by almost3 ordersof magnitude We choosea plain linear
projectionfor thebasemamndaddthe columnsandtext ontop. Our scriptreads:

pscoast -R-180/180/-90/90 -JX8i/5id -Dc -GO -E200/40 -K -U"Example 10 in Cookbook" >! example_10.ps

psxyz agu.d -R-180/180/-90/90/1/100000 -JX  -JZ2.5il -S00.3ib1  -G140 -WO0.5p -O -K -E200/40 \
-B60g60/30g30/alp:Memberships:WSneZ >> example_10.ps

$AWK "{print $1-10, $2, 20, O, 0O, 7, $3}Y agud | pstext -R-180/180/-90/90 -JX -O -K -E200/40 -G255 \
-S0.5p >> example_10.ps

echo "45 6 30 0 5 2 AGU 1991 Membership Distribution" | pstext -R0/11/0/8.5 SIx1li -0\

>> example_10.ps
\rm -f .gmtcommands
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with theresultpresentedn Figure6.10.

6.11 Making a 3-D RGB color cube

In this examplewe generate seriesof 6 colorimagesarrangedn the shapeof a cross thatcanbecut out
andassemblednto a 3-D color cube. The six facesof the cuberepresenthe outsideof the R-G-B color
space.On eachfaceoneof the color componentss fixed at eitherO or 255 andthe othertwo components
vary smoothlyacrosshe facefrom 0 to 255. The cubeis configuredasa right-handeccoordinatesystem
with x-y-zmappingR-G-B. Hencethe 8 cornersof the cuberepresenthe primariesred, green,andblue,

plusthe secondariesyan,magentandyellow, plusblackandwhite.

The methodfor generatinghe 6 color facesutilizes $AWK in two steps.First, a z-grid is composed
which is 256 by 256 with z-valuesincreasingn a planarfashionfrom 0 to 65535. This z-grid is common
to all six faces.The color variationsaregeneratedby creatinga differentcolor palettefor eachfaceusing
the supplied$AWK scriptrgb_cube.avk. This scriptgenerates “cpt” file appropriatdor eachfaceusing
argumentgor eachof the threecolor componentsThe argumentsspecifyif thatcomponentr,g,b) is to
beheldfixedat0 or 255,is to varyin x, oris to varyin y. If thecoloris toincreasdn x or y, alower case
x ory is specified;f thecoloris to decreasén x ory, anuppercaseX or Y is used.Hereis the shell script

andaccompawing $AWK scriptto generatehe RGB cube:

grdmath -I1  -R0/255/0/255 Y 256 MUL X ADD = rgb_cube.grd
gmtset TICK_LENGTH 0 COLOR_MODELkgb

pstext  -R0/8/0/11 -Jxli < /dev/null -P -U"Example
$AWK-f rgb_cube.awk r=x g=y b=255 < /dev/null >l rgb_cube.cpt
grdimage rgb_cube.grd -Crgh_cube.cpt -JX2.5i/2.5i -R0/255/0/255

>> example_11.ps

$AWK-f  rgb_cube.awk
grdimage rgb_cube.grd

-K -0 -X2i -Y4.5i

r=255 g=y b=X < /dev/null >! rgh_cube.cpt

-Crgb_cube.cpt -JX -K -O -X2.5i -B256wesn >> example_11.ps
$AWK-f rgb_cube.awk r=x =255 b=Y < /dev/null >l rgb_cube.cpt
grdimage rgb_cube.grd -Crgh_cube.cpt -JX -K -O -X-2.5i -Y2.5i
psxy -WO0.25pto -JX -R -K -O -X25i << END >> example_11.ps
00

20 20

11 in Cookbook" -K >!' example_11.ps

-B256wesn \

-B256wesn >> example_11.ps
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20 235
0 255
END
psxy -WO0.25pto -JX -R -K -O -X-2.5i -Y2.5i << END >> example_11.ps
00
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 >l rgb_cube.cpt

grdimage rgb_cube.grd -Crgh_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 X -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-Boldltalic 1 GMT3

psxy -W0.25pto -JX -R -K -O -X25i << END >> example_11.ps

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 >l rgb_cube.cpt

grdimage rgb_cube.grd -Crgh_cube.cpt -JX -K -0 -X2.5i  -Y-2.5i -B256wesn >> example_11.ps
psxy -WO0.25pto -JX -R -K -O -X25i << END >> example_11.ps

00

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

62

The SAWK scriptrgb_cube.avk is asfollows:

END{

z=-.5;

if(r=="X" || g=="X" || b=="X"){
x|I=255;  xr=0; xd=-255;

Jelse{
xI=0; xr=255; xd=255;

}

if(r=="y" || g=="Y" || b=="Y")
yb=255; yt=-1; yd=-1;

Jelse{
yb=0; yt=256; yd=1;

}

for(y=yb;  yl=yt;  y+=yd{
x=x;
if(r=="x" I r=="X"}{
ifg=="y" Il g=="Y"){

printf("%7.1f
x+=xd; z+=256;
printf("%7.1f
else{
printf("%7.1f
x+=xd; z+=256;
printf("%7.1f

lelse if(g=="x"
if(r=="y" Il
printf("%7.1f
x+=xd; z+=256;
printf("%7.1f
else{
printf("%7.1f
x+=xd; z+=256;
printf("%7.1f

Jelse{

if(r=="y" Il
printf("%7.1f
x+=xd; z+=256;
printf("%7.1f

else{
printf("%7.1f
x+=xd; z+=256;
printf("%7.1f

}

}
Iy
exit;

}

%3d %3d %3d " ,z,x,y,b);
%3d %3d %3d\n",z,x,y,b);
%3d %3d %3d " ,z,x,9,y);
%3d %3d %3d\n",z,x,9.y);
I g=="x"{
r=="Y"){
%3d %3d %3d " ,z,y,x,b);
%3d %3d %3d\n",z,y,x,b);
%3d %3d %3d " ,z,r,X,y);
%3d %3d %3d\n",z,r,x,y);
r=="Y"{
%3d %3d %3d " ,z,y,9,X);
%3d %3d %3d\n",z,y,g,X);
%3d %3d %3d " ,z,,y,X);

%3d %3d %3d\n",z,r,y,x);

Thecubecanbeviewedin Figure6.11

6.12 Optimal triangulation of data

Ournext example(Figure6.12)operate®n a datasetof topographiaeadingson-uniformlydistributedin
theplane(Table5.11in Davis: Statisticsand Data Analysisin Geolay, J. Wiley). We usetriangulate to
performtheoptimalDelaunaytriangulation thenusethe outputto draw theresultingnetwork. We labelthe
nodenumbersaswell asthe nodevalues,andcall pscontour to make a contourmapandimagedirectly
from theraw data.Thus,in this examplewe do not actuallymake griddedfiles but still areableto contour
andimagethe data. We usea color palettetable topo.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 -B2fIWSNe -M net.xy
psxy table 5.11 -R -JX -O -K -Sc0.12i

-W0.5p -P -K -Y4.65i
-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 -B2fleSNw -M netxy -W0.5p -O -K -X3.25i >> example_12.ps

psxy -R -JX -O -K table_5.11 -Sc0.03i -GO >> example_12.ps

$AWK {printf "%g %s 6 0 0 5 %g\n", $1, $2, $3} table_5.11 | pstext -R -JX -O -K -W2550 \
-C0.01i/0.01i -DO0.08i/0i -N >> example_12.ps

set z = ‘minmax table_5.11 -C -I125*

makecpt -Cjet  -T$z[5)/$z[6]/25 >!  topo.cpt

pscontour -R -JX table_5.11 -B2f1WSne -WO0.75p -Ctopo.cpt -L0.25pta  -G1li -X-3.25i -Y-3.65i -0 K\
-U"Example 12 in Cookbook" >> example_12.ps

pscontour -R -JX table_5.11 -B2fleSnw -Ctopo.cpt -l -X3.25i -0 -K >> example_12.ps

echo "3.16 8 30 0 1 2 Delaunay Triangulation" | pstext -RO/8/0/11 -Ix1li -0 -X-3.25i >> example_12.ps

\rm netxy topo.cpt .gmtcommands

6.13 Plotting of vector fields

In mary areassuchasfluid dynamicsandelasticity it is desirableto plot vectorfields of variouskinds.
GMD providesa way to illustrate 2-componentectorfields usingthe grdvector utility. The two com-
ponentsof the field (Cartesiarnor polar componentspare storedin separategrdfiles. In this examplewe
usegrdmath to generatea surfacez(x,y) = x- exp(—x? — y?) andto calculate[z by returningthe x-
andy-derivatives separately We superposehe gradientvectorfield andthe surfacez and also plot the
component®f thegradientin separatevindows:
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Delaunay Triangulation

Figure6.12: Optimaltriangulationof data

grdmath  -R-2/2/-2/2 -10.1 X Y R2 NEGEXP 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 zgrd -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 -10.2 -JX -O -K -Q0.03i/0.1i/0.09in0.25i -GO -S5i >> example_13.ps
echo "3.2 3.6 40 0 6 2 z(xy) = X * exp(-x@+2@+y@+2@+)" | pstext -R0/6/0/4.5 Jxli -0 -X-3.451
>> example_13.ps
\rm -f z.grd dzdx.grd dzdy.grd .gmtcommands

A pstext call to placea headefinishesthe plot (Figure6.13.

6.14 Gridding of data and trend surfaces

Thisexampleshavshow onegoesfrom randomlyspacediatapointsto anevenly sampledsurface.Firstwe
plot thedistribution andvaluesof our raw dataset(table5.11from examplel?2). We chooseanequidistant
grid andrun blockmean which preprocessethe datato avoid aliasing. The dashedines indicatethe
logical blocks usedby blockmean ; all pointsinside a given bin will be averaged. The logical blocks
aredrawn from a temporaryfile we make on the fly within the shell script. The processedlatais then
griddedwith the surface programand contouredevery 25 units. A mostimportantpoint hereis that
blockmean, blockmedian , or blockmode shouldalwaysberun prior to runningsurface , andboth of
thesestepsmustusethe samegrid interval. We usegrdtrend to fit a bicubictrendsurfaceto the gridded
data, contourit aswell, and sampleboth griddedfiles along a diagonaltransectusing grdtrac k. The
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z(x,y) = x * exp(-%y?)

Figure6.13: Display of vectorfieldsin GMT

bottom panelcompareghe gridded(solid line) and bicubic trend (dashedine) alongthe transectusing
psxy (Figure6.14):

gmtset GRID_PEN 0.25pta

psxy table_5.11 -RO/7/0/7 -JX3.06i/3.15i -B2f1IWSNe -Sc0.05i -GO -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 -RO/7/017 -11 >!' mean.xyz

psbasemap -R0.5/7.5/0.5/7.5 -JX -O -K -BOgl -X3.25i >> example_14.ps

psxy -RO/7/0/7 -JX -B2fleSNw mean.xyz -Ss0.05i -GO -O -K >> example_14.ps

$AWK {printf "%g %s6 0 0 5 %g\n", $1+0.1, $2, $3}Y meanxyz | pstext -R -JX -O -K -W2550 \
-C0.01i/0.01i -N >> example_14.ps

surface mean.xyz -R -I1 -Gdata.grd

grdcontour  data.grd  -JX -B2flWSne -C25 -A50 -G3i/10 -S4 -O -K -X-3.25i -Y-3.55i >> example_14.ps
psxy -R -JX mean.xyz -Ss0.05i -GO -O -K >> example_14.ps

grdtrend  data.grd  -N10 -Ttrend.grd

grdcontour  trend.grd -JX -B2flwSne -C25 -A50 -G3i/10 -S4 -O -K -X3.25i >> example_14.ps

project  -CO/0 -E7/7 -GO0.1 -Fxy >! track

psxy -R -JX track -Wilpto -O -K >> example_14.ps

grdtrack  track -Gdata.grd | cut -f3,4 >! datad
grdtrack  track -Gtrend.grd | cut -f34 >! trendd
psxy ‘minmax data.d trend.d -10.5/25 -JX6.3i/1.4i datad -Wi1p -O -K -X-3.25i -Y-1.9i -B1/50WSne \

>> example_14.ps
psxy -R -JX trend.d -WO0.5pta -O -U"Example 14 in Cookbook" >> example_14.ps
\rm mean.xyz track *.grd *d .gmt*

6.15 Gridding, contouring, and masking of unconstrainedareas

This example(Figure 6.15) demonstratesomeoff the differentwaysonecanuseto grid datain GMY,
andhow to dealwith unconstrainedreas We first corvertalarge ASCII file to binarywith gmtcon vert
sincethebinaryfile will readandprocessnuchfaster Ourlower left plot illustratesthe resultsof gridding
usinga nearesneighbortechnique(nearneighbor ) which is a local method: No outputis givenwhere
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Figure6.14: Gridding of dataandtrendsurfaces

thereareno data. Next (lower right), we usea minimum curvaturetechnique(surface ) whichis aglobal
method. Hence,the contourscover the entire map allthoughthe dataare only availablefor portionsof
thearea(indicatedby the gray areaglottedusingpsmask ). Thetop left scenaridllustrateshow we can
createaclip path(usingpsmask ) basednthedatacoverageto eliminatecontoursoutsidetheconstrained
area.Finally (top right) we simply employ pscoast to overlaygraylandmassew cover up the unwanted
contours,andendby plotting a starat the deepespoint on the mapwith psxy . This point wasextracted
from the griddedfiles usinggrdinf o.

gmtconvert  ship.xyz  -bo >! ship.b

set region = ‘minmax shipb -1 -bi3
nearneighbor ~ $region -110m -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  -110m ship.o  -bi3 -bo >! ship_10m.b

surface  $region  -110m ship_10m.b  -Gship.grd -bi3

psmask $region -I110m ship.b -IJM -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 -110m 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 -IJM -O -K -G150 -WO0.25p >> example_15.ps

echo $info[12] $info[13] | psxy -R -JM -O -K -Sa0.15i -Wlp >> example_15.ps

echo "-03 3.6 24 0 1 CB Gridding with missing data" | pstext -R0/3/0/4 -Jxli -0 -N >> example_15.ps

\rm -f ship.b ship_10m.b  ship.grd ship_clipped.grd
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Gridding with missing data
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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 forms z(x,y) asa unionof planartriangularfacets.One
advantageof this methodis thatit will not extrapolatez(x,y) beyond the corvex hull of the input (x,
y) data. Anotheris thatit will not estimatea z value above or belov the local boundson ary triangle.
A disadwantageis thatthe z(x,y) surfaceis not differentiable,but hassharpkinks at triangle edgesand
thusalsoalongcontours. This may not look physicallyreasonablebut it canbefiltered later (last panel
below). surface canbeusedto generate higherorder(smoothanddifferentiablejnterpolationof z(x, y)

onto a grid, after which the grid may beillustrated(grdcontour , grdimage, grdview). surface will

interpolateto all (x, y) pointsin arectangularegion, andthuswill extrapolatebeyondthe corvex hull of
the data.However, this canbemasledoutin variousways(seeExamplel5).

A moreseriousobjectionis thatsurface mayestimatez valuesoutsidethelocal rangeof thedata(note
areanearx = 0.8,y = 5.3). Thiscommonlyhappensvhenthe defaulttensionvalueof zerois usedto create
a“minimum curvature”(mostsmooth)interpolant.surface canbeusedwith non-zeraensionto partially
overcomethis problem.Thelimiting valuetension= 1 shouldapproximatehetriangulationwhile avalue
betweerD and1 mayyield agoodcompromiseébetweertheabove two casesA valueof 0.5is shovn here
(Figure6.16). A sideeffect of thetensionis thatit tendsto make the contoursturn nearthe edgesof the
domainsothatthey approachthe edgefrom a perpendiculadirection. A solutionis to usesurface in a
largerareaandthenusegrdcut to cutoutthe desiredsmallerarea.Anotherway to achieze acompromise
is to interpolatethe datato a grid andthenfilter the grid usinggrdfft or grdfilter . The latter canhandle
gridscontaining‘NaN” valuesandit cando medianandmodefilters aswell asconvolutions.Shavn here
is triangulate followedby grdfilter . Notethatthefilter hasdonesomeextrapolationbeyondthe corvex
hull of theoriginalx, y values.The“best” smoothapproximatiorof z(x,y) depend®ntheerrorsin thedata
andthe physicallaws obeyed by z. GMY cannotalwaysdo the “best” thing but it offers greatflexibility
throughits combinationf tools. We illustrateall four solutionsusinga cpt file that containscolor fills,



CHAPTER6. COOK-BOOK 68

patternsanda “skip slice” requesfor 700< z < 725.

gmtset MEASURE_UNITINCH ANOT_FONT_SIZE9

pscontour  -R0/6.5/-0.2/6.5 -Jx0.45i -P -K -Y5.5i -Ba2flwWSne table_5.11 -Cexl6.cpt -l \
> 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 -10.1  -GrawsO0.grd

grdview raws0.grd -R -Jx -Ba2flWSne -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 -10.1  -Graws5.grd  -T0.5

grdview raws5.grd -R -Jx -Ba2flWSne -Cexl6.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 -10.1 > /dev/null

grdfilter rawt.grd -Gfiltered.grd -DO -Fcl

grdview filtered.grd -R -Jx -Ba2flWSne -Cexl6.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 -Jxli -0 -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

Gridding of Data

pscontour (triangulate surface (tension = 0)

T
675 700 725 750 775 800 825 850

Figure6.16: More waysto grid data

6.17 Imagesclipped by coastlines

This exampledemonstratebow pscoast canbe usedto setup clippathsbasedon coastlines.This ap-
proachis well suitedwhen differentgriddeddatasetsare to be memgedon a plot using different color
palettefiles. Merging the files themselesmay not be doablesincethey mayrepresentifferentdatasets,
aswe shaw in this example.Here,we lay down a color mapof the geoidfield nearindiawith grdimage,
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usepscoast to setup land clippaths,andthenoverlay topographyfrom the ETOPO5datasetwith an-
othercall to grdimage. We finally undothe clippathwith a secondcall to pscoast with the option—Q
(Figure6.17):

grd2cpt  india_geoid.grd -Crainbow  >! geoid.cpt
grdgradient india_geoid.grd -Ntl -A45 -Gindia_geoid_i.grd
grdimage india_geoid.grd -lindia_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 -DI -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 -lindia_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 -W25500.5p -D-0.1i/0.1i << EOF >> example_17.ps

> 90 -10 12 0 4 RB 12p 3i j

@_@%5%Exampld7.@%%@_ 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*

Clipping of Images

.
Example 17. We first plot the color geoid
imagefor the entireregion,followed by a
gray-shade@ToPosimagethatis clippedso
it is only visible insidethe coastlines.

Figure6.17: Clipping of imagesusingcoastlines

6.18 Volumesand Spatial Selections

To demonstratgotentialusageof the new programsgrdvolume andgmtselect we extracta subsetof
the Sandwell& Smithaltimetricgravity field® for the northernPacific anddecideto isolateall seamounts

3Seehttp://tope.ucsd.edu/marm grav/mar.grav.html.
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that (1) exceed50 mGal in amplitudeand (2) are within 200 km of the Prattseamount.We do this by
dumpingthe 50 mGal contoursto disk, thenmakinga simple $AWK script centerawk that returnsthe
meanlocationof the pointsmakingup eachclosedpolygon,andthenpasstheselocationsto gmtselect

which retainsonly the pointswithin 200km of Pratt. We thenmaskout all the dataoutsidethisradiusand

usegrdvolume to determineghe combinedareaandvolumesof the choserseamounts.

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
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"} prattd | pstext -R -JM -O -K -DO0.1i/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 -B2fIWSEn -O -K -Y-4.85i -U/-1.25i/-0.75i/"Example 18 in
>> 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 -WO0.25p >> 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=20
}
{
X += \$1
y += \$2
n++
}
END {

print  x/n, y/n

}
EOF
\rm -f centers.d
foreach file  (sm_*.xyz)
$AWK-f centerawk  $file  >>! centers.d
end
gmtselect -R -JM -C200/pratt.d centers.d >l $$
psxy $$ -R -JM -O -K -SCO0.04i -G255/0/0 -WO0.25p >> example_18.ps
psxy -R -JM -O -K -STO.li -G255/255/0 -WO0.25p 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 -WO0.75p -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*

>!

Cookbook"

Ourillustrationis presentedn Figure6.18.

6.19 Color patternson maps

GMD 3.1introducedcolor patternsandthis examplesgive a few casesf how to usethis new feature.We
malke a phory posterthatadwertisesaninternationalconferenceon GMY in Honolulu. We usegrdmath ,
makecpt , andgrdimage to draw pleasingcolor background®n maps,andoverlay pscoast clippaths
to have the patternschangeat the coastlines. The middle paneldemonstrates simple pscoast call
wherethe built-in pattern# 86 is dravn at 100 dpi but with the black and white pixels replacedwith
color combinationsThefinal panelrepeatthetop panelexceptthatthelandandseaimageshave changed

placeqFigure6.19).

example_18.ps
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Figure6.18: Volumesandgeo-spatiakelections

gmtset COLOR_MODELkgh

grdmath  -R-180/180/-90/90 -1 -F Y COSD2 POW= lat.grd

grdmath -R-180/180/-90/90 -1 -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 -J10/6.5i -Clat.cpt -P -K -Y7.5i -BO >! 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 -WO0.25p >> example_19.ps

echo "0 20 32 0 1 CMFIRST INTERNATIONAL" | pstext -R -JI -O -K -G255/0/0 -S0.5p >> example_19.ps

echo "0 -10 32 0 1 CMGMTCONFERENCE'| 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 -BO -Y-3.25i \
>> example_19.ps

echo "0 15 32 0 1 CMSILLY USESOF" | pstext -R -JI -O -K -G50/255/50 -S0.5p >> example_19.ps

echo "0 -15 32 0 1 CMGMTCOLORPATTERNS"| pstext -R -JI -O -K -G255/0/255 -S0.5p >> example_19.ps

grdimage lon.grd  -JI  -Clon.cpt -0 -K -Y-3.25i -BO -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 -WO0.25p >> example_19.ps

echo "0 20 32 0 1 CMFIRST INTERNATIONAL" | pstext -R -JI -O -K -G255/0/0 -S0.5p >> example_19.ps

echo "0 -10 32 0 1 CMGMTCONFERENCE'| 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  I*.grd I*.cpt .gmt*
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Figure6.19: Usingcolor patterndgn illustrations

6.20 Custommap symbols

Oneis oftenrequiredto make specialmapsthat shavs the distribution of certainfeaturesbut onewould
preferto usea customsymbolinsteadof the built-in circles,squarestriangles,etc. in the QWY plotting
programspsxy andpsxyz. Herewe demonstratene approachthat allows for a fair bit of flexibility
in designingonesown symbols. The following recipeis usedwhen designinga new symbol. (1) Use
psbasemap (or engineeringpaper!)to setup anemptygrid thatgoesfrom -0.5to +0.5in bothx andy.
Useruler andcompasgo draw your nenv symbolusingstraightlinesandarcsof circles. Thisis how your
symbolwill look whenasizeof 1inchis chosenFigure6.20illustratesanen symbolwe will call volcano.

(2) After designingthe symbolwe will encodet usinga simplesetof rules. In our casewe describe
our volcanousingno morethan4 possibleconstructs:

Xo Yo M [ =Gfill ] [ ~Wpen] Startnew elementat xg, Yo

x1y1 D Draw straightline from currentpointto x1, y1
Xo Yo I Aa C [ =Gfill ] [ -Wpen] Draw singlecircle of radiusr aroundxg, Yo in stepsof Aa°
XoYor 01 02 Ad A Draw arcsegmentof radiusr from anglea to a, every Aa®

The optional-G and—W canbe usedto hardwirethe color fill andpenfor sggments.By default the
segmentsarepaintedbasedn the valuesof the commandine settings.
Manually applyingtheserulesto our symbolresultsin a definitionfile volcano.def

-0.5 -0.5 M
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Figure6.20: Making a 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 usethe supplied$AWK -script make_symbolto createa custom$AWK -scriptthatwill
readlocationsand sizesof the desiredsymbolsandreplacethemwith line-dravings like the onein the
figure but translatecand scaledaccordingly The outputis a multi-segmentfile (seeAppendixB) which
may be plottedwith psxy or psxyz .

We arenow readyto give it a try. Basedon the hotspotlocationsin the file hotspots.dwith a 3rd
column giving the desiredsymbol sizesin inches)we lay down a world map and overlay red volcano
symbolsusingour custom-tuilt $AWK -scriptvolcano.avk andpsxy . Notethatyou mustfirst transform
the coordinatesisingmappr oject prior to runningthe $AWK -script. Without furtherdiscussiorwe also
malke a definitionfor a multi- coloredbulls-eye symbol:

0o -07 M -WO0.5p/255/0/0p

0 07 D

0.7 0 M  -WO0.5p/255/0/0p

0.7 0 D

0 0 045 5 C  -Gpo/12

0 0 045 5 C  -W0.25p

0 0 035 5 C  -G255/255/0 -W0.25p
0 0 025 5 C  -Gpo/9

0 0 025 5 C  -W0.25p

0 0 015 5 C  -G255/255/0 -W0.25p
0 0 005 5 C  -G255 -W0.25p

Hereis ourfinal mapscript:

$AWK-f make_symbol < volcano.def >l volcano.awk
$AWK-f make_symbol < bullseye.def >l 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 -Ixli -0 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 -RO/9/0/9 Jx -0\
-M >> example_20.ps

\rm -f volcano.awk  bullseye.awk hotspots.d cities.d

which producegheplot in Figure6.21.

Hotspot Islands and Cities

-90
0° 60" 120° 180° 240° 300° 360°
Figure6.21: Usingcustomsymbolsin GMT

Giventheseguidelinesyou caneasily make your own symbols. Symbolswith more than one color
canbe obtainedby making several symbolcomponents.E.g., to have yellow smoke comingout of red
volcanoeave would make two symbols:onewith justthe coneandcalderaandthe otherwith the bubbles.
Thesewould be plottedconsecutiely usingthe desiredcolors. Alternatively, like in bullseye.def we may
specifycolorsdirectly for the variousseggments.Note thatthe customsymbols,unlike the built-in symbols
in GMD, canbeusedwith thebuilt-in patterngAppendixE). Otherapproachearealsopossible of course.
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7. Mailing lists, updates,and bug reports

Most public-domain(and even commercial)software comeswith bugs, andthe speedwith which such
bugs are detectedand removed dependgo a large degreeon the willingnessof the usercommunityto
reporttheseto usin a usefulmanner When your car breaksdown, simply telling the mechanicthat it
doesnt work will hardly speedup the repairor cutbackcosts! Therefore we askthatif you detecta bug,
first make surethatit in factis a bugandnotausererror. Then,sendusemailaboutthe problem.Be sure
to includeall theinformationnecessarfor usto recreatehe situationin which thebug occurred.This will
includethefull commandine usedand,if possiblethedatafile usedby theprogram.Sendthe bug-reports
to gmt@soest.haaii.edu. We will try to fix bugsassoonasour schedulepermitandinform usersabout
thebug andavailability of updatedcode(SeeAppendixD).

Two electronicmailing lists are availableto which usersmay subscribe.gmtgroup@soest.kaii.edu
andis primarily away for usto notify theusersvhenbugshave beenfixed or whennew updateshave been
installedin theftp directory(SeeAppendixD). We alsomaintainanothedist (gmthelp@soest.haaii.edu)
which interestedusersmay subscribeto. It basicallyprovidesa forum for GMY usersto exchangeideas
and ask questionsaboutGMY usage installationand portability, etc. Pleaseusethis utility ratherthan
sendingquestiondirectly to gmt@soest.haaii.edu. We hopeyou appreciatehatwe simply do not have
time to be everybody’s personakavd tutor.

Theelectronicmailing lists aremaintainedautomaticallyby a program.To subscribéo oneor both of
thelists, senda messagéo listsener@soest.haaii.educontainingthe command(s):

subscribegmtgroup<your full name notemailaddress
subscribegmthelp<yourfull namenotemailaddress

(Do nottypetheangularbraclkets<>). You may alsoregisterelectronicallyvia the GM> homeweb
pagé. For informationon whatcommands/ou may send,senda messageontainingthe word help. You
mustinteractwith thelistsenerto beaddedo or removedfrom the mailing lists! We stronglyrecommend
thatyou atleastsubscribeéo gmtgroupsincethisis how we cannotify you of future updatesaandbug-fixes.
Most new userswill alsobenefitfrom having the otherforum (gmthelp)asthey struggleto realigntheir
senseof logic with thatof GMY. While anybody may postmessageto gmthelp,accesso gmtgroupis
restrictedto minimize nettraffic. Any messagsentto gmtgroupwill beinterceptedy the GWM> manager
whowill determinef the messagés importantenoughto causehousandsf mailtoolsto go BEEP Com-
municationwith otherawm> usersshouldgo via gmthelp.Finally, all GM> informationis providedonline
at the main GMY homepagein Hawaii, i.e., www.soest.haaii.edu/gmt. Changedo GV will alsobe
postedonthis page.Themain GM> pagehaslinks to the official GWY ftp sitesaroundthe world.

Iwww.soest.haaii.edu/gmt
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A. GMT supplementalpackages

Thesepackagesare for the most part written and supportedby us, but thereare someexceptions. They
provide extensionsof GMY thatareneededor particularratherthangeneralapplications. The software
is providedin a separatesupplementairchive (GMT _suppl.targz (or .bz2); seeAppendixD). Questions
or bug reportsfor this softwareshouldbe addressetb the person(s)istedin the README file associated
with the particularprogram. It is not guaranteedhat theseprogramsarefully ANSI-C, Y2K, or POSIX
compliant, or that they necessarillywill install smoothlyon all platforms, but mostdo. Note that the
datasetssomeof theseprogramswork on arenot distributedwith thesepackagesthey mustbe obtained
separatelyThe contentsof the supplementadrchive may changewithout notice;at this writing it contains
thesedirectories:

A.1 cps: completePostScript en-/decoder

This packagecontainscpsencode  which readsa shellscript,compresseandencodest andall datafiles
referencedhereinas PostScriptcommentsand appendgshemto the PostScriptplot that the shell script
generates.You may reversethe processwith cpsdecode and extractthe original dataand shell script
from the PostScriptfile. The packagés mainainedby Paul Wesset.

A.2 dbase:gridded data extractor

This packagecontainsgrdraster which you canuseto extractdatafrom global griddeddatasetssuchas
thoseavailablefrom NGDC. We have usedit to preparesomeof thegridsin theexampleqChaptei6). You
canalsocustomizeit to readyour own datasets.The packagéas maintainedoy the GMY developers.

A.3 gshhs:GSHHS data extractor

This packagecontainsgshhs which you can useto extract shorelinepolygonsfrom the Global Self-
consistentHierarchical High-resolutionShorelines(GSHHS) available separatelyfrom NGDC? or the
GSHHShomepagée (GSHHSis the polygon databasefrom which the GM> coastlinesderive). It also
containsgshhsdp for cleverly decimatinga shoreline andgshhstograsgo corvertshorelinesggmentsto
the GRASSdatabaséormat. The packageas maintainedy Paul Wessel.

A.4 imgsrc: gridded altimetry extractor

This packageconsistof theprogramimg2mer cgrd to extractsubset®of theglobalgravity andpredicted
topographysolutionsderivedfrom satellitealtimetry*. The packageas maintainecby Walter Smitte.

A.5 meca:seismologyand geodesysymbols

This packagecontainsthe programspscoupe , psmeca , pspolar , andpsvelo which areusedby seis-
mologistsand geodesistgor plotting focal mechanismgincluding cross-sectiongnd polarities), error

lwessel@soest.haii.edu
2http:/imwwngdc.noaa.gdmgg/shoreliesgshhs.html
Shttp://wwwsoest.haaii.edu/wesseafshhsgshhs.html

“4For databasesseehttp://tope.ucsd.edu/manmie_grav/mar grav.html.
Swalter@raptogrdl.noaa.go
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ellipses,velocity arrawvs, rotationalwedges,and more. The packageis maintainedby Kurt FeigP and
Geneieve Patal.

A.6 mex; Matlab 5-GMT interface

Hereyouwill find the mex files grdinfo, grdr ead, andgrdwrite , which canbe usedin Matlab5 to read
and write MY grdfiles. The packageoriginatedwith David Sandwell,UCSD, and was subsequently
modifiedby Paul WesselandPhil SharfsteinJCSB. It is now mainainedoy Paul Wessel.

A.7 mgg: MGD77 extractor and plotting tools

This packagéholdsthe programdinlegs , dat2gmt , gmt2dat , gmtinf o, gmtlegs , gmtlist , gmtpath ,
gmttrac k, andmgd77togmt , which canbe usedto maintain,accessextractdatafrom, andplot marine
geophysicatiatafiles (MGD-778). The packagds maintainedby the GMY developers.

A.8 misc: posters,patterns, and digitizing

At themomentthis packagecontainghe programgsmegaplot whichyoucanuseto make largeposters
usinga simplelaserwriter makepattern which generatesasterpatternsfrom GaM> 3.0 icon files, and
gmtdigitiz e which providesa GMT interfaceto a digitizing tabletvia a serial port. The packageis

maintainedoy Paul Wessel.

A.9 segypmogs: Plotting SEGY seismicdata

This packagecontaingprogramsgo plot SEGY seismicdatafiles usingthe Gw> mappingtransformations
andpostscriptlibrary. pssegy generates 2-D plot (x:locationandy:time/depth)while pssegyz gener
atesa 3-D plot (x andy: locationcoordinatesz: time/depth).Locationsmay be readfrom predefinecbr
arbitraryportionsof eachtraceheader The packagds maintainedby Tim HenstocR.

A.10 spotter: backtracking and hotspotting

This packagecontainsthe plate tectonic programsbacktrac ker, which you canuseto move geologic
markersforwardor backwardin time, hotspotter whichgenerate€VA gridsbasednseamouniocations
anda setof absoluteplate motion stagepoles,andoriginator , which associateseamountsvith the most
likely hotspotorigins. The packagas maintainedoy Paul Wessel.

A.11 x2sys:Track crosswer error estimation

This packagecontainghetoolsx2sys _datalist , which allows youto extractdatafrom almostary binary
or ASCII datafile, andx2sys _cross which determinesrosseer locationsanderrorsgeneratedy one
or several geospatiakracks. It is a new generationof tools intendedto replacethe old “X _SYSTEM”
crosswertools (belown). The packagéas maintainedoy Paul Wessel.

SKurt.Feigl@cnes.fr

"patau@ipgp.jussieu.fr

8Thesedataareavailableon CD-ROM from NGDC (www.ngdc.noaa.go.
9Timothy.J.Henstock@soc.soton.ac.uk
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A.12 x_system:Track crosswer error estimation
Thispackageontainghetoolsx_edit, x_init , x_list , x_over, x_remove, x_repor t, Xx_setup , x_solve _dc _drift ,
andx_update . Collectively, they make uptheold “XSYSTEM” crosswertools. Thispackagevith remain

in the GVY supplementairchive until x2sysis complete. The packagéds maintainedoy Paul Wessel.

A.13 xgrid: visual editor for grdfiles

The packagecontainsan X11 editor (xgridedit) for visual editing of grdfiles. It wasoriginally developed
by HughFisher CRES,in March 1992but is now maintainedoy Lloyd Parkes'°.

191oyd@must-hae-cofee.gen.nz
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B. GMT file formats

B.1 Tabledata

Thesdileshave N recordswvhich have M fieldseach.Mostprogramsanreadmulticolumnfiles, but require
thatthex [andy] variable(s)estoredin the 1st[and 2nd] column(Thereare,however, someexceptionso
thisrule, suchasfilterld andsampleld ). GMY canreadboth ASCII andbinarytabledata.

B.1.1 ASCII tables

Thefirst datarecordmaybeprecededy 1 or moreheaderecords.Whenusingsuchfiles, make sureto use
the—H optionandsettheparameteN_HEADER RECSin the.gmtdegultsfile (Systemdefaultis 1 header
recordif —H is set;youmayalsouse—Hnrecsdirectly). Fieldswithin arecordmustbeseparatety spaces,
tabs,or commas.Eachfield canbe aninteger or floating-pointnumberor a geographicoordinatestring
usingthe [+|-]dd[:mm[:ss]][W|S|N|E|w|s|n|e] format. Thus, 12:30:44.5W17.5S,1:00:05,and 200:45E
areall valid input strings. Whendealingwith time- or (x,y)-seriesit is usually corvenientto have each
profile in separatdiles. However, this may sometimegprove impracticaldueto large numbersof profiles.
An exampleis files of digitized lineationswherethe numberof individual featuresmay rangeinto the
thousandsOnefile perfeaturewould in this casebe unreasonablandfurthermoreclog up the directory
GMY providesa mechanisnfor keepingmore thanone profile in a file. Suchfiles are called multiple
segmentfilesandareidenticalto the onesjust outlinedexceptthatthey have subheadersiterspersedvith
datarecordsthatsignalthe startof a sgment. The subheadersay be of ary format, but all musthave the
samecharacteiin the first column. Whenusingsuchfiles, you mustspecifythe —M option. The unique
characteis by default’ >’, but you canoverridethatby appending/our chosercharacteto theM option.
E.g.,—MH will look for subheaderstartingwith H, whereas-M'*" will checkfor asteriskqThe quotes
arenecessargince* hasspecialmeaningto UNIX). The subheadermay contain—W and—G optionsfor
specifyingpenandfill attributesfor individual segments. Thesesettingswill overridethe corresponding
commandine options.

B.1.2 Binary tables

GMD programsalsosupportbinarytablesto speedup input-outputfor i/o-intensivetaskslik e griddingand
preprocessingrilesmay have no headerhencethe—H optioncannotbe used)andall datamusteitherbe
singleor doubleprecision(no mixing allowed). Multiple segmentfiles areallowed (—M) andthe sggment
headerareassumedo berecordswhereall thefieldsequalNaN. Flagsappendedo —M areignored.The
formatandnumberof fields arespecifiedwith the—b option. Thus,for input you may set-bi[s][ n], where
s designatesingleprecision(defaultis double)andn is the numberof fields. For output,use-bo[s] (the
programsknow how mary columnsto write).

B.2 2-D grdfiles

B.2.1 File contents

The default 2-D binary netCDFgrdfile in GMY hasseveral attributes. The grdedit utility programwill
allow youto edit partsof the headerof anexisting grdfile. Theattributeslistedin TableB.1 arecontained
within theheaderecordin the ordergiven (exceptthe z-arraywhichis not partof the headeistructure but
malkesup therestof thefile).

GMD version3 also allows other formatsto be read. In addition to the default netCDFformat it
canusebinary floating points, shortintegers,bytes, and bits, aswell as 8-bit Sunrasterfiles(colormap
ignored). Additional formatsmay be usedby supplyingread/writefunctionsandlinking thesewith the
GMD libraries. Thesourcdfile gmt customio.castheinformationthatprogrammersvill needto augment
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Parameter Description
int nx Numberof nodesin the x-dimension
int ny Numberof nodesn they-dimension
int nodeoffset 0 for grid line registration,1 for pixel registration
double x_min Minimum x-valueof region
double x_max Maximumx-valueof region
doubley_min Minimum y-valueof region
doubley_max Maximumy-valueof region
double zmin Minimum z-valuein dataset
double zmax Maximumz-valuein dataset
double x_inc Nodespacingn x-dimension
doubley_inc Nodespacingn y-dimension

double z_scalefactor | Factorto multiply z-valuesafterread
doublezadd offset | Offsetto addto scaledzvalues

char x_unitg80] Units of thex-dimension
char y_unitg80] Units of they-dimension
char z.unitg80] Units of the zdimension
char title[80] Descriptvetitle of thedataset
char comman{320] | Commandine thatproducedhegrdfile
char remarK160] Any additionalcomments
| float Znx*ny] | 1-D arraywith zvaluesin scanlineformat

TableB.1: GMT griddedfile headerecord

QM) to readcustomgrdfiles. We anticipatethatthe numberof pre-programmedormatswill increaseas
enterprisingusersmplementwhatthey 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, - - - s Xmax ) andy (y =
Ymin, Ymin + Yine, Ymin + 2 Vinc, - - - , Ymax ) lines. Thetwo scenariogiffer in which areaeachdatapoint rep-
resents.The default registrationin GMY is grid line registration. Most programscan handleboth types,
andfor someprogramslike grdimage a pixel registeredfile makes more sense. Utility programslike
grdsample andgrdproject will allow youto corvertfrom oneformatto the other

Grid line registration

In this registration,the nodesare centeredon the grid line intersectionsaandthe datapointsrepresenthe
averagevaluein acell of dimensiongXinc - Yinc) centeredn thenodegFigureB.1). In the caseof grid line
registrationthe numberof nodesarerelatedto region andgrid spacingby

nx = (Xmax—xmin)/xinc+1
ny = (Ymax— Ymin)/Yinc+ 1

which for the examplein FigureB.1yieldsnx= ny = 4.

Pixel registration

Here thenodesarecenteredn thegrid cells,i.e.,theareadetweergrid lines,andthedatapointsrepresent
the averagevalueswithin eachcell (FigureB.2. In the caseof pixel registrationthe numberof nodesare
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? ® 2
L + ® L 2
L ® L 2
4 ® L4

FigureB.1: Grid line registrationof datanodes

relatedto region andgrid spacingby

nx = (Xmax—xmin)/xinc
ny = (Ymax— Ymin)/Yinc

Thus,giventhesameregion (—R), the pixel registeredgridshave onelesscolumnandonelessrow than
thegrid line registeredgrids; herewe find nx= ny= 3.

FigureB.2: Pixel registrationof datanodes

B.2.3 Boundary Conditions for operationson grids

GMD hasthe optionto specifyboundaryconditionsin someprogramghatoperateon grids (grdsample
—L; grdgradient —L; grdtrack —L; nearneighbor —L; grdview —L). The boundaryconditionscome
into play wheninterpolatingor computingderivativesnearthelimits of theregion coveredby thegrid. The
defaultboundaryconditionsusedarethosewhich are“natural” for the boundaryof a minimum curvature
interpolatingsurface. If the userknows thatthe dataare periodicin x (and/ory), or thatthe datacover a
spherewith x,y representindongitudelatitude, thentherearebetterchoicesfor the boundaryconditions.
Periodicconditionson x (and/ory) arechoserby specifyingx (and/ory) asthe boundaryconditionflags;
global sphericalcasesare specifiedusing the g (geographicalflag. Behavior of theseconditionsis as
follows:

Periodic conditionson x indicatethat the dataare periodicin the distance(Xmax— Xmin) andthusrepeat
valuesafter every N = (Xmax— Xmin)/Xinc. Note that this implies thatin a grid-registeredfile the
valuesin the first andlast columnsare equal,sincethesearelocatedat X = Xmin andX = Xmax and
thereareN + 1 columnsin thefile. Thisis notthe casen apixel-registeredile, wherethereareonly
N andthefirst andlastcolumnsarelocatedat Xmin + Xinc/2 andxmax— Xinc/2. If y is periodicall the
sameholdsfor y.

Geographical conditionsindicatethefollowing:
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1. If (Xmax— Xmin) > 360andalso180moduloxinc = 0 thena periodicconditionis usedon x with
aperiodof 360;elsea default conditionis usedon thex boundaries.

2. If condition1 is true andalsoymax = 90 thena “north pole condition” is usedat ymay, €lsea
default conditionis usedthere.

3. If condition1 is true andalsoymin = —90 thena “south pole condition” is usedat ymin, elsea
default conditionis usedthere.

“Pole conditions”usea 180° phase-shifof the data,requiring180 moduloxj,c = 0.

Default boundaryconditionsare

0
2_— 2:
Df_aan 0

ontheboundarywheref(x,y) is representetly thevaluesin thegrid file, andd/on is thederivative
in thedirectionnormalto aboundaryand

92 92
2 _ - -
= (ax2 * ayZ)

is thetwo-dimensionalaplacianoperator

B.3 Sunraster files

The Sunrasteffile formatconsistof a headerfollowed by a seriesof unsignedl-byteintegersthatrepre-
sentsthe bit-pattern.Bits arescanlineoriented,andeachrow mustcontainan even numberof bytes. The
predefinedL-bit patternsn GMY have dimensionof 64 by 64, but othersizeswill beacceptedvhenusing
the—Gp|P option. The Sunheadesstructureis outlinein TableB.2.

Parameter Description
int rasmagic 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 raslength Length(bytes)of image
int rastype Typeof file; seeRT_* below
int rasmaptype | Typeof colormap;seeRMT_* below
int ras maplength| Length(bytes)of following map

TableB.2: Structureof a Sunrasterfile

After the headerthe color 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 68000byte order)

RT_BYTE_ENCODED | 2 (Run-lengthcompressiomf bytes)
RT_FORMAT_RGB 3 ([X]RGB insteadof [X]BGR)
RMT_NONE 0 (rasmaplengths expectedto be0)
RMT_EQUAL _RGB 1 (red[rasmaplength/3],green(],bke(])

TableB.3: Sunmacrodefinitionsrelevantto rasterfiles
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Numerouspublic-domainprogramsexist, suchasxv andcorwvert (in the ImageMagickpackage)that
will translatebetweervariousrasterfileformatssuchastiff, gif, jpeg, andSunraster Rastematternanay

be createdwith GMY plotting tools by generatingPostScriptplots that canbe rasterizedoy ghostscript
andtranslatednto theright rasterformat.
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C. Making GMT EncapsulatedPostScript Files

GMY can produceboth freeform PostScriptfiles and the more restrictedEncapsulatedPostScriptfiles
(EPS).Theformeris intendedto be sentto a printer or PostScriptpreviewer, while the latteris indended
to beincludedin anotherdocumenibut shouldalsobe ableto print andpreview). You controlwhatkind
of PostScriptthat GVMY producesy manipulatingthe PAPER.MEDIA parametefseethe gmtdefaults
manpagefor how thisis accomplished)Notethata freeformPostScriptfile may containspecialoperators
(suchas Setpagedevice ) thatis specificto printers(e.g., selectionof papertray). Somepreviewers
(amongthem,Sun's pageview) do notunderstandhesevalid instructionsandmayfail to imagethefile. If
thisis your situationyou shouldchooseanotherviewer (we recommendyhostview) or selectEPSoutput
instead.

However, thereis much confusionover what an EPSfile is andif otherprogramscanreadit. Much
of this hasto do with the claim by somesoftware manugcturersthat their programscan readand edit
EPSfiles. We usedto get much mail from peopleaskingusto let GM> produceEPSfiles that canbe
read,e.g.,by Adobe lllustrator . Thiswasa limitation of earlyversionsof Adobe lllustrator andsimilar
programsnot GMY! Sincethen, Adobe lllustrator andotherprogramshave improvedtheir abilitiesto
parsefreeformPostScriptsuchasthatproducedoy GwD.

An EPSfile thatis to beplacedinto anotherapplication(suchasatext documentheedto have correct
bounding-boxparametersThesearefoundin the PostScriptDocumentComment6%BoundingBox Ap-
plicationsthatgeneratéP Sfiles shouldsettheseparametersorrectly Becausesw) makesthePostScript
filesonthefly, oftenwith severaloverlays,it is not possibleto do soaccuratelyHowever, GMY doesmake
an effort to ensurethatthe boundingboxis large enoughto containthe entire compositeplotl. Therefore,
if youneeda“tight” boundingboxyou needto post-procesgour PostScripffile. Thereareseveralwaysin
which this canbeaccomplished.

e ProgramssuchasAdobe lllustrator , Aldus Freehand andCoral Draw will allow you to edit the
boundingboxgraphically

e A command-linealternatve is to usefreely-available programepstool from the makersof Aladdin
ghostscript. Running

epstool -c -b yourplot.ps

shouldgive atight BoundingBox;epstoolassumeshe plot is pagesizeandnot a hugeposter

e Anotheroptionis to useps2epsiwhich alsocomeswith the ghostscript packageRunning
ps2epsi myplot.ps  myplot.eps

shouldalsodo thetrick.

If you do not wantto modify the illustration but just includeit in a text document:Many word pro-
cessorgsuchasMicrosoft Word andCoral WordPerfect) will let you includea PostScriptfile thatyou
may placebut not edit. You won'’t be ableto view the figure on-screenput it will print correctly All
illustrationsin this GMY documentationvere GMY-producedPostScriptfiles thatwerecornvertedto EPS
files usingps2epsiandthenincludedinto a IATEX document.

Theseexamplesdo not constituteendorsementsf the productsmentionedabove; they only represent
our limited experiencewith the problem. For other solutionsand further help, pleasepostmessage$o
gmthelp@soest.haaii.edu.

1In contrastregular GIMD PostScriptfiles simply have a %%BoundingBoxhatequalthe sizeof thechoserpaper
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D. Availability of GMT and relatedcode

All the sourcecode,supportdata,PostScriptand HTML versionsof all documentationand UNIX (in-
cluding HTML) manualpagescan be obtainedby anorymousftp from several mirror sites. We also
maintaina GMY> pageon the World Wide Web (http://www.soest.havaii.edu/gmt);Seethis pagefor in-
stallationdirectionswhich allow for a simplified, automaticinstall procedure(for a CD-R solution, see
http://www.geavare-online.com.)

The GV tar archivesare available both in gzip and bzip2 format. If neitherof theseutilities are
installedon your systemyou shouldknow thattheformerprogramis availablefrom GNU* while thelatter
canbe obtainedfrom Cygnug. bzip2 compressemuchbetterthangzip: for example,thefull resolution
coastlinedatabasés only ~29 Mb in bzip2 formatcomparedo a hefty ~44 Mb in gzip. Thesefiles have
the .bz2suffix.

TheGMT archvesareasfollows:

GMT _progs.tar{gz,bz2 Containsall GM> sourcecode cptfiles,andPostScriptpatterns.

GMT _share.tar.{gz,bzZ} Containstheintermediatelow, andcruderesolutionsf the coastlinedatabase.
Requiredwith _progs.taffor minimal setupneededo run GV .

GMT _doc.tar.{gz,bz2} Containsall GM> documentatior(man pages,PostScriptversionsof both the
CookbookandTechnicalReferenceandthetutorial, andthe shortcoursematerial).

GMT _webtar.{gz,bz2 Containsall HTML versionsof all GM> documentatiofmanpagesCookbook
andTechnicalReferenceandtutorial).

GMT _full.tar .{gz,bz2 Containgtheoptionalfull-resolutioncoastlinedatabase.
GMT _high.tar.{gz,bz2} Containgtheoptionalhigh-resolutiorcoastlinedatabase.
GMT _scripts.tar.{gz,bzZ Containsall theshellscriptsaandsupportdatausedin the Cookbooksection.

GMT _suppl.tar.{gz,bz2} Containsseveral programswritten by usandGm> userselsavhere. (SeeAp-
pendixA for moredetails).

GMT _win32bin.zip ZIP archive with all binariesfor Win32 platforms,the examplescriptsanddata,and
thedefaultdistribution of coastlinedata.

triangle.tar.{gz,bz2 ContainsJohnShevchuck’s fastDelaunaytriangulationroutinewhich may be in-
stalledwith GMT. (Seethe copyright informationfirst if you areacommercialuser).

The netCDFlibrary that makes up the backboneof the grdfile I/O operationscan be obtainedfrom
Unidata. A compressedar file canbe accessedin binary mode)from the file netcdf.tarZ in the anory-
mous FTP directory of unidata.ucaedu(Internet128.117.140.3).The software distribution includesa
PostScriptfile of the netCDFUsers Guide,andthereis also online documentatiorirom their web site.
[A mailing list, netcdfgroup@unidata.ucady is available for discussionof the netCDFinterfaceand
announcemen@boutnetCDFbugs,fixes,andenhancementd.o subscribesendarequesto netcdfgroup-
adm@unidata.ucadu]. Precompiledibrariesfor WIN32 arealsoavailablé’.

Iwww.gnu.og
2http://sourcevare.ggnus.combzip2index.html
SRequiredwith GMT_win32bin.zip
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E. Predefinedbit and hachure patternsin GMT

GWMD provides 90 differentbit and hachurepatternsthat can be selectedwith the —Gp option in most
plotting programs.Thesepatternsarereproducedelov at 300dpi.
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F. Chart of octal codesfor characters

octalf 0 1 2 3 4 5 7
\03x Yo | 3 | ™| 2 y |y z
\04x ! " # $ % | & '
\05x| ( ) * + , - . /
\06x| O 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 @]
\12x| P Q R S T U vV | W
x| X |y z | [V 1]~ L
\14x| a b c d e f g
\15x| h i i k I m | n o]
\16x| p q r S t u vV | w
\17x| X y z { | } ~

x| Al ¢c | b |t | N|]O|S

2ix{ Y | Y | Z | & | | ¢ | © | °
\22x| + o} = t - K X f
23x| % | | | 8| £ | ®| §| p
\24x i ¢ £ |/ ¥ f 3
\25x| ®© ! “ « < > fi fl
26x| A | - | t | % AT o
\27x| , N " » %o A é
\30x| A ) ’ - - N ” '
\31x| © | E | ° DL E 7. -
32x| — | E|E| T | T | T, 1]0
33 O 6| 0| U | U U |U]| &
\34x| &4 | £ | & a a | é | é e
\35x| ¢ | @ | | ° i 7 i i
\36x| 6 | & | O 06| o I 1] a
37x| 0 | 8 | | R | 0 | A | &

FigureF.1: Octalcodesandcorrespondingymbolsfor standardonts

Thecharacterandtheir octalcodesn thereencodedtandardontsareshovn in FigureF.1. Thechart
for the Symbol(awm> font numberl2) charactesetsarepresentedn FigureF.2 belon. Grayareassignify
codesresened for control characters.The octal codeis obtainedby appendinghe columnvalueto the
\?? value,e.g.,0 is \ 266 in the Symbolfont. In orderto useall the extendedcharacteryou needto set
WANT _EURO_FONT to truein your .gmtdefultsfilel.

The Pifont ZapfDingbatds availableasGM> font number34 andcanbe usedfor specialsymbolsnot
listedabove. Thevarioussymbolsareillustratedin FigureF.3.

1By default, thisis trueif you choseS| unitsandfalseif you choseUS unitsduringtheinstallation.
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FigureF.2: Octalcodesandcorrespondingymbolsfor the Symbolfont
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FigureF.3: Octalcodesandcorrespondingymbolsfor ZapfDingbatgont
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G. PostScript fontsusedby GMT

GMD usesthe standard35 fonts that comewith mostPostScriptlaserwritersaswell as4 Japaneséonts,
for atotal of 39. If your printer doesnot supportsomeof thesefonts, it will automaticallysubstitutethe
defaultfont (whichis usuallyCourier). Thefollowing is a list of the GM>Y fonts:

# Font Name # Font Name

0 | Helvetica 19 | Bookman-Light

1 | Helvetica-Bold 20 | Bookman-Lightltalic

2 | Helvetica-Oblique 21 | Helvetica-Narrow

3 | Helvetica-BoldOblique 22 | Helvetica-Narrow-Bold

4 | Times-Roman 23 | Helvetica-Narrow-Oblique

5 | Times-Bold 24 | Helvetica-Narrow-BoldOblique

6 | Times-ltalic 25 | NewCenturySchlbk-Roman

7 | Times-Boldltalic 26 | NewCenturySchlbk-Italic

8 | Courier 27 | NewCenturySchlbk-Bold

9 | Courier-Bold 28 | NewCenturySchlbk-BoldlItalic
10 | Courier-lique 29 | Palatino-Roman

11 | Couri er-Bol dObl i que 30 | Palatino-Italic

12 | ZyppoA (Symbol) 31 | Palatino-Bold

13 | AvantGarde-Book 32 | Palatino-BoldItalic

14 | AvantGarde-BookOblique 33 | ZapfChancery-MediumItalic

15 | AvantGarde-Demi 34 | DO0O00OOm OO0 v A (ZapfDingbats)
16 | AvantGarde-DemiOblique 35 | Ryumin-Light-EUC-H (JPN)

17 | Bookman-Demi 36 | Ryumin-Light-EUC-V (JPN)
18| Bookman-Demiltalic 37 | GothicBBB-Medium-EUC-H  (JPN)

38 | GothicBBB-Medium-EUC-V  (JPN)

FigureG.1: Thestandard9 PostScriptfontsrecognizedy GMT

For the specialfonts Symbol (12) and ZapfDingbats(34), seethe octal chartsin AppendixF. When
specifyingfontsin GMY, you caneithergive the entire font nameor just the font numberlisted in this
table.To changehefontsusedin plotting basemagrames,seethe manpagefor gmtdefaults . For direct
plotting of text-strings,seethe manpagefor pste xt.
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H. Problemswith display of GMT PostScript

QM) createwvalid (sofaraswe know) AdobePostScriptLevel 1. It doesnotuseoperatorspecificto Level
2 andshouldthereforeproduceoutputthatwill print onold aswell asnew PostScriptprinters.Sometimes
unexpectedhingshappernwhenGM> outputis sentto certainprintersor displays.This sectionlists some
thingswe have learnedirom experienceandsomework-arounds.

H.1 PostScript driver bugs

Whenyoutry to displaya PostScripffile onadevice, suchasa printeror your screenthenaprogramcalled
a PostScriptdevice driver hasto computewhich device pixelsshouldreceive which colors(blackor white
in the caseof a simplelaserprinter) in orderto displaythefile. At this stage,certaindevice-dependent
thingsmay happen.Thesearenot limitations of GMY or PostScript but of the particulardisplaydevice.
Thefollowing bugsareknown to usbasecdn our experiences:

1. Early versionsof the Sun SFARCprinter software causedinewidth-dependenpath displacement.
We reportedhis bug andit hasbeerfixedin newerversionsof thesoftware. Try usingpsxy to draw
y = f(x) twice, oncewith a thin pen(—W21) andoncewith a fat pen(—W10); if they do not plot on
top of eachother, you have this kind of bug andneednew software. The problemmayalsoshowv up
whenyou plot a mixture of solid anddashedor dotted)linesof variouspenthickness

2. Thefirst versionof the HP Laserjet4M (prior to Aug—93)hadbugsin the driver program.The old
onewasPostScriptSIMM, partnumberC2080-60001the new oneis calledPostScriptSIMM, part
numberC2080-60002You needto getthis onepluggedinto your printerif youhave anHP LaserJet
4M.

3. Apple Laserwriterswith the older versionsof Apple’s PostScriptdriver will give the error “lim-
itcheck” andfail to plot whenthey encountea pathexceedingabout1000—150(oints. Try to geta
newer driver from Apple, but if you cant do that, setthe parameteMAX _L1_PATH to 1000-1500
or evensmallerin thefile src/pslihinc.handrecompileGM>. The numberof pointsin a PostScript
pathcanbe arbitrarily large, in principle; WY will only createpathslongerthanMAX _L1_PATH
if the pathrepresents filled polygonor clipping path. Line-drawings (nofill) will be split sothat
no sgmentexceedsMAX _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 failsto plot you
may have to selectone of the lower resolutiondatabase3 he pathlimitation exemplifiedby these
Apple printersis what makesthe higherresolutioncoastlinedor pscoast non-trivial: suchcoast-
lines have to be organizedso thatfill operationsido not generateexcessiely large paths. SomeHP
PostScriptcartridgesfor the Laserjetlll alsohave troublewith pathsexceedingl500 points;they
may successfullyprint thefile, but it cantake all night!

4. 8-bit color screendisplays(and programswhich useonly 8-bits, even on 24-bit monitors,suchas
Sun's pageview underOpenWndows) may not dither cleverly, andsothe color they shav you may
notresemblehe color your PostScripffile is askingfor. Therefore jf you choosecolorsyou like on
thescreenyou maybesurprisedo find thatyour plot looks differenton the hardcoyy printeror film
writer. The only thing you cando is be aware of this, andmake sometestcaseson your hardcoyy
devicesandcomparethemwith the screenuntil you getusedto this effect. (Eachhardcoyy device
is alsoallittle different,andsoyouwill eventuallyfind thatyou wantto tuneyour color choicesfor
eachdevice.) Thergb color cubein examplell mayhelp.

5. Someversionsof Sun's OpenWhdows programpageview have only a limited numberof colors
available;the numbercanbe increasedsomevhatby startingopenwin with the option*openwin
-cubesize large ”
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6. Finally, pageview seemto have problemsunderstandinghe setpagedevice  operator We rec-
ommendyou only usepageview on EPSfiles or useghostviewinstead.

7. Many color hardcoly devicesuseCMYK color systems.GWY PostScriptusesRGB (evenif your
cptfiles areusingHSV). Thethreecoordinateof RGB spacecanbe mappednto threecoordinates
in CMY spaceandin theoryK (black)is superfluousBut it is hardto getCMY inks to mix into a
goodblackor gray, sotheseprinterssupplyablackink aswell, henceCMYK. The PostScriptdriver
for aCMYK printershouldbe smartenoughto computewhat portionof CMY canbedrawvn in K,
anduseK for thisandremoveit from CMY; however, someof themarent.

8. In earlyreleasesf GMY wealwaysusedthePostScripttommand g b setrgbcolor tospec-
ify colors,evenif the color happenedo be a shadeof gray (r = g = b) or black (r = g=b = 0).
Oneof ouruserdoundthatblackcameout muddybrown whenheusedFreedomOfPressto make a
Versatelot of aGM> map.Hefoundthatif heusedthePostScriptcommandy setgray (where
g is agraylevel) thenthe problemwentaway. Apparently his installationof FreedomOfPressuses
only CMY with thecommandsetrgbcolor  ,andso0 O O setrgbcolor  triesto make black
out of CMY insteadof K. To fix this, in release?.1 of GM> we changedsomeroutinesin pslib.c to
checkif (r = gandr = b), in whichcaseg setgray isusedinsteadofr g b setrgbcolor

9. Recentexperiencewith someTektronix Phasemrintersand with commercialprinting shopshas
shawvn that this substitutioncreategproblemspreciselyoppositeof the problemsour Versateaiser
has.The Tektronixandcommercial(we think it wasa Scitex) machinesio not useK whenyou say
0 setgray butthey dowhenyousayO O O setrgbcolor . We believe thattheseproblems
arelikely to disappeassthe varioussoftware developersmalke their codesmorerobust. Note that
thisis nota faultwith GMY: r = g = b = 0 meanshlackandshouldplot thatway. Thus,the GMD
sourcecodeasshippedo you checksvhether = g andr = b, in which caset usessetgray , else

setrgbcolor . If yourgraytonesarenotbeingdravn with K, you have two work-aroundoptions:
(1) edit the sourcefor pslib.c or (2) edit your PostScriptfile andtry using setrgbcolor in all
casesThesimplestwayto dosoisto redefinghesetgray operatoto usesetrgbcolor . Insert
theline

/setgray  {dup dup setrgbcolor } def

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

10. Somecolor film writers arevery sensitie to the brandof film. If blackdoesnt look black on your
colorslides,try adifferentfilm.

H.2 Resolutionand dots per inch

TheparameteDOTS PR.INCH canbesetby theuserthroughthe .gmtdefultsfile or gmtset . By default
it is equalto the valuein the gmt defaults.hfile, which is suppliedwith 300whenyou getGw> from us.
This seemsa goodsizefor mostapplicationsput shouldideally reflecttheresolutionof your hardcojy de-
vice (mostlaserwritershave atleast300dpi, henceour defaultvalue). GM> computesvhattheplot should
look like in doubleprecisionfloating point coordinatesandthencorvertstheseto integer coordinatesat
DOTS_PR.INCH resolution. This helpsusfind out that certainpointsin a pathlie on top of otherpoints,
andwe canremove these makingsmallerpaths.Smallpathsareimportantfor thelaserwriterbugsabove,

andalsoto malke fill operationccomputefaster Someusershave settheir DOTS_PRINCH to very large
numbers.This only makesthe PostScriptoutputbiggerwithout affectingthe appearencef the plot. How-

ever, if you wantto make a plot which fits on a pageat first, andthenlater magnify this samePostScript
file to ahugesize,thehigherDPl is important. Your datamaynot have the higherresolutionbut on certain
devicesthe edgesof fontswill notlook crispif they arenot dravn with an effective resolutionof 300 dpi

or so. Bewareof makinganexcessiely large path. Notethatif you changedpi thelinewidthsproducedoy

your—W optionswill changepnlessyou have appendeg for linewidth in points.



APPENDIXH. PROBLEMSWITH DISPLAY OF GMT POSTSCRIPT 93

H.3 Europeancharacters

Notefor usersof pageview in SunOpenWndows: GMY now offers someoctal escapesequenceto load
Europearalphabetcharactersn text strings(seeSection4.16). Whenthis featureis enabledthe header
on GMY PostScriptoutputincludesa sectiondefiningspecialfonts. The definitionis addedto the header
whetheror notyour plot actuallyusesthefonts.

Userswho view their GMY PostScriptoutput using pageview in OpenWndows on Sun computers
or userolderlaserwritersmay have difficulties with the Europearfont definition. If your installationof
OpenWndows followeda space-sang suggestiorof Sun,you may have excludedthe Europearfonts,in
which casepageview will fail to renderyour plot.

Ask your systemadministratomboutthis, or run this simpletest: (1) View a G\WM> PostScriptfile with
pageview. If it comesup OK, you will befine. If it comesup blank, openthe “Edit PostScript’button
andexaminethe lower window for error messages(The Europearfont problemgeneratesots of error
messagem thiswindow). (2) Verify thatthe PostScripffile is OK, by sendingt to alaserwriterandmak-
ing sureit comesout. (3) If the PostScriptfile is OK but it chokespageview, thenedit the PostScriptfile,
cuttingout everythingbetweerthelines:

%%%%%START OF EUROPEANFONT DEFINITION %%%%%
<bunchof definitions>
%%%%%END OF EUROPEANFONT DEFINITION %%%%%

Now try pageview on the editedversion. If it now comesup, you have a limited subseiof OpenWn-
dows installed. If you discover that thesefonts causeyou trouble, thenyou can edit your .gmtdefults
file to setWANT_EURO_FONT = FALSE, whichwill suppresshe printing of this definitionin the Gv>
PostScriptheaderWith this setto FALSE, you canmake outputwhichwill beviewablein pageview with-
out ary editing. However, youwould have to resetthis to TRUE beforeattemptingto useEuropearfonts,
andthenthe outputwill becomeun-pageview-ableagain. If you try to concatenatsegmentsof GVD
PostScriptmadewith andwithout the Europearfontsenabledthenyou mayfind thatyou have problems,
eitherwith thedefinition,or becausgou askfor somethingnotdefined.

H.4 Hints

Whenmakingimagesandperspecire views of large amountsof data,the GMY programscantake some
timeto run,theresultingPostScripffiles canbeverylarge,andthetime to displaythe plot canbelong. Fine
tuningaplot scriptcantake lots of trial anderror. We recommendisinggrdsample to make alow resolu-
tion versionof thedatafilesyou areplotting, andpracticewith that,soit is fasterwhenthescriptis perfect,
usethefull-resolutiondatafiles. We oftenbegin building a scriptusingonly psbasemap or pscoast to
getthevariousplotsorientedcorrectlyonthe page;oncethisworkswe replacehepsbasemap callswith
theactuallydesiredaM> programs.

If you wantto make color shadedrelief imagesandyou haven't had much experiencewith it, here
is a goodfirst cut at the problem: Setyour COLOR MODEL to HSV usinggmtset . Use makecpt
or grd2cpt to make a continuouscolor palettespanningthe rangeof your data. Usethe —Nt option on
grdgradient . Try theresult,andthenplaywith thetuningof the.gmtdefults thecptfile, andthegradient
file.
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|. Color Space— The final fr ontier

Beginningwith GMY version2.1.4,“Example11” wasincludedin the cookbook.The examplemakesan
RGB color cubeby a simpleawk script. We wrote a programto computeHSV gridsfor eachfaceof this
cube,andincludea versionof the cubewith HSV contoursonit asfile contouredcube.psn /share.

In this appendixwe aregoingto try to explain the relationshipbetweerthe RGB andHSV color sys-
temssoasto (hopefully)make themmoreintuitive. GMY allows usergo specifycolorsin cptfilesin either
system(colorsoncommandines,suchaspencolorsin —W option,arealwaysin RGB).GMY usegheHSV
systemto achieve artificial illumination of coloredimages(e.g.—I optionin grdimage) by changinghes
andv coordinate®f the color. Whentheintensityis zero,the dataarecoloredaccordingto the cptfile. If
theintensityis non-zerothedataaregivenastartingcolorfrom thecptfile but thiscolor (aftercorversionto
HSV if necessaryis thenchangedy moving (s,\) towardHSV_MIN _SATURATION, HSV_MIN _VALUE
if theintensityis negative, or toward HSV_MAX _SATURATION, HSV_MAX _VALUE if positive. These
aredefinedin the .gmtdetultsfile andareusuallychosensothe correspondingpointsarenearlyblack (s
=1, v =0) andwhite (s = 0, v = 1). The reasonthis works is thatthe HSV systemallows movements
in color spacewhich correspondnorecloselyto whatwe meanby “tint” and“shade”;aninstructionlike
“add white” is easyin HSV andnot soobviousin RGB.

We aregoingto try to give you a geometricpicture of color mixing in HSV from a tour of the RGB
cube.Thegeometrigpictureis helpful, we think, sinceHSV arenot orthogonakoordinatesandnot found
from RGB by analgebraidransformationBut beforewe begin traveling onthe RGB cube let usgive two
formulae,sinceanequationis oftenworth athousandvords.

\%
S

maxr,g,b)
(ma)(ra 9, b) - min(ra 9, b))/ma)(rag; b)

Notethatwhenr = g = b = 0 (black),the expressiorfor s gives0/0; blackis asingularpointfor s. The
expressiorfor h is not easilygivenwithout lots of “if ” tests,but hasa simplegeometricexplanation. So
heregoes:Look atthe cubefacewith black,red,magentaandblue corners.Thisis theg = 0 face.Orient
thecubesothatyou arelooking atthisfacewith blackin thelowerleft corner Now imaginearight-handed
cartesiar(r, g, b) coordinatesystemwith origin atthe black point; you arelooking attheg = 0 planewith
r increasingo your right, g increasingaway from you, andb increasingup. Keepthis senseof (r, g, b) as
youlook atthe cube.

TheRGB color cubehassix faces.Onthreeof theseoneof (r, g, b) is equalto 0. Thesethreefacesameet
attheblackcorner wherer = g = b = 0. Onthesethreefacessaturationthe S in HSV, hasits maximum
value;s= 1 onthesefaces.(Acceptthis definitionandignorethes singularityat blackfor now). Therefore
h andv arecontouredn thesefacesh in graysolid linesandv in white dashedines(v rangesfrom0to 1
andis contouredn stepsof 0.1).

Onthe otherthreefacesoneof (r, g, b) is equalto the maximumvalue. Thesethreefacesmeetat the
white cornet wherer = g = b = 255. On thesethreefacesvalue,the V in HSV, hasits maximumvalue;
v = 1 onthesefaces.Thereforeh ands are contouredon thesefaces;h in gray solid linesands in black
dashedines(srangesrom 0 to 1 with contoursevery0.1).

Thethreefaceswherev = 1 meetthe threefaceswheres= 1 in six edgeswhereboths=v =1 (and
at leastoneof (r, g, b) = 0 and at leastone of (r, g, b) = 255). Traceyour finger aroundtheseedges,
startingat the red point and moving to the yellow point, thenon around. You will visit six of the eight
cornersof the cube,in this order: red (h = 0); yellow (h = 60); green(h = 120); cyan (h = 180); blue
(h = 240); magentah = 300). Threeof thesearethe RGB colors; the otherthreearethe CMY colors
which arethe complemenbf RGB andareusedin mary color hardcojy devices(color monitorsusually
useRGB). The only cubecornersyou did not visit on this patharethe black andwhite corners.Imagine
anaxisrunningthroughthe blackandwhite corners.If you projectthe RYGCBM edgepathontoa plane
perpendiculato 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 ary pointin the cube;projectthis vectorontothe planewith the RYGCBM hexagon;thenhueis
theanglethis projectedvectormakeswith the R directiononthe hexagon.Thushueis anangledescribing
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rotationaroundthe black-whiteaxis. Note that by this definition, if a pointis on the black-whiteaxis, its
(r, g, b) vectorwill projectasa point at the centerof the hexagon,soits hueis undefined.Pointson the
black-whiteaxis have r = g = b, andthey areshadef gray; we will call the black-whiteaxisthe gray
axis.

Let us call the pointswheres = v = 1 (the pointson the RYGCBM path of cubeedges)the “pure”
colors. If we startat a pure color and we want to whitenit, we cankeeph constantandv = 1 while
decreasing, this will move us alongone of the cubefacestoward the white point. If we startat a pure
color andwe wantto blackenit, we cankeeph constantands = 1 while decreasing; this will move us
alongoneof the cubefacestowardtheblackpoint. Any pointin (r, g, b) spacewhich canbe thoughtof as
amixtureof purecolor + white, or purecolor + black,is on afaceof thecube.

The pointsin theinterior of the cubearealittle harderto describe Thedefinitionfor h abose worksat
all pointsin (non-gray)(r, g, b) spacebut sofarwe have only lookedat (s, v) onthe cubefacesnotinside
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 thatthe line intersectghe gray axis andalsointersectshe
RYGCBM pathof edgessomavhere.lt is alwayspossibleto constructhis line, andall pointson thisline
have the samehue. This constructiorshovs thatarny pointin RGB spacecanbethoughtof asa mixture of
apurecolorplusashadeof gray. If we move alongthis line away from thegrayaxistowardthepurecolor,
we are“purifying” the color by “removing gray”; this move increaseshe color’s saturation Whenwe get
to the pointwherewe cannotremove ary moregray; atleastoneof (r, g, b) will have becomezeroandthe
coloris now fully saturateds= 1. Corversely ary pointonthegrayaxisis completelyundersaturateco
thats = 0 there.Now we seethattheblack pointis specialbecausét is theintersectiorof threeplaneson
whichs=1, butit is onaline wheres = 0; it is a singularpoint, andwe get“0/0” in theabove formula.
We seealsothatsaturatioris a measuref “purity” or “vividness”of the color.

It remainsto definevalue, and the formula above is really the bestdefinition. But if you like our
geometricconstructionstry this: Take your point in RGB spaceand constructa line throughit so that
this line goesthroughthe black point; producethis line from black pastyour point until it hits a faceon
which v = 1. All pointson this line have the samehue. Note thatthis line andthe line we madein the
previousparagraplarebothcontainedn theplanewhoseequationis hue= constant.Thesetwo linesmeet
atsomearbitraryanglewhich variesdependingon which pointyou chose. ThusHSV is notanorthogonal
coordinatesystem.If theline you madein the previous paragrapthappenedo touchthe gray axis at the
black point, thenthesetwo lines arethe sameline, which is why the black point is special. Now, the line
we madein this paragrapfillustratesthe following: If your chosenpoint is not alreadyat the end of the
line, wherev = 1, thenit is possibleto move alongtheline in thatdirectionsoasto increasdcr, g, b) while
keepingthe samehue. The effect this hason a color monitoris to make the color shinemorebrightly, but
“brightness”hasothermeaningsn color geometrysolet us saythatif you canmovein thisway, you can
male your hue“stronger”; if you arealreadyon a planewhereat leastoneof (r, g, b) = 255, thenyou
cannotgeta strongerversionof the samehue. Thus,v measurestrength.Note thatit is not quite trueto
saythatv measureslistanceaway from the black point, because is notequalto /r2 + g2+ b2/255.

The RGB systemis understandablbecausét is cartesianandwe all learnedcartesiarcoordinatesn
school. But it doesnt help us createa tint or shadeof a color; we cannotsay “We wantorange,anda
lighter shadeof orange,or a lessvivid orange”. With HSV we cando this, by saying,“Orangemustbe
betweerredandyellow, soits hueis abouth = 30; alessvivid orangehasa lessers, adarker orangehasa
lessens’. Ontheotherhand,the HSV systemis a peculiargeometricconstructionjt is not anorthogonal
coordinatesystemandit is not found by a matrix transformatiorof RGB; thesemalke it difficult in some
casedoo. Notethata move towardblack or a move towardwhite will changeboths andyv, in thegeneral
caseof aninterior pointin thecube. The HSV systemalsodoesnt behae well for very darkcolors,where
thegraypointis nearblackandthetwo lineswe constructecbore arealmostparallel.If you aretrying to
createnicecolorsfor drawing chocolatesfor example you maybebetteroff guessindn RGB coordinates.

Well, thereyou have it, folks. We've beendoing GM> for 10 yearsandall we know aboutcolor can
be written in about2 pages.We hopewe haven't told you ary lies. For moredetails,you shouldconsult
a bookaboutcolor systems.But asexamplel1l shows, alot canbelearnedby experimentingwith GvY
tools. Ourthanksto JohnLillibridge for Examplell.
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J. Filtering of datain GMT

The GVY programsfilterld (for tablesof dataindexedto oneindependentariable)andgrdfilter (for
datagiven as 2-dimensionagrids) allow filtering of databy a moving-window process.(To filter a grid
by Fouriertransformusegrdfft .) Both programauseanargument-F<type><width> to specifythetype
of processaandthe window’s width (in 1-d) or diameter(in 2-d). (In filterld thewidth is alengthof the
time or spaceordinateaxis, while in grdfilter it is the diameterof a circular areawhosedistanceunit is
relatedto the grid meshvia the—D option). If the processs a medianor modeestimatorthenthe window
outputcannotbe written asa convolution andthefiltering operationis not a linearoperator If the process
is aweightedaverageasin theboxcar cosine andgaussiarfilter types thenlinearoperatoitheoryapplies
to the filtering process. Thesethreefilters can be describedas corvolutions with an impulseresponse
function, andtheir transferfunctionscanbe usedto describehow they altercomponentsn theinputasa
functionof wavelength.

Impulseresponseareshonn herefor the boxcar cosine,andgaussiarfilters. Only therelative ampli-
tudesof thefilter weightsshawn; thevaluesin the centerof thewindow have beenfixedequalto 1 for ease
of plotting. In this way the samegraphcansene to illustrate both the 1-d and 2-d impulseresponsesn
the 2-d casethis plot is a diametricalcross-sectiothroughthefilter weights(FigureJ.1).
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FigureJ.1:Impulseresponsefor GMT filters

Althoughtheimpulseresponsetook the samein 1-d and2-d, thisis not true of the transferfunctions;
in 1-d thetransferfunctionis the Fourier transformof the impulseresponsewhile in 2-d it is the Hankel
transformof theimpulseresponseTheseareshowvn in FiguresJ.2andJ.3,respectiely. Notethatin 1-d
the boxcartransferfunction hasits first zerocrossingat f = 1, while in 2-d it is aroundf ~ 1.2. The1-d
cosinetransferfunction hasits first zerocrossingat f = 2; so a cosinefilter needsto be twice aswide
asa boxcarfilter in orderto zerothe samelowestfrequeng. As a generalrule, the cosineandgaussian
filters are“better” in the sensethatthey do not have the “side lobes” (large-amplitudeoscillationsin the
transferfunction) that the boxcarfilter has. However, they arecorrespondinglyworse”in the sensehat
they requiremorework (doublingthewidth to achiese the samecut-off wavelength).
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FigureJ.2: Transferfunctionsfor 1-D GMT filters

Oneof thenicethingsaboutthe gaussiafilter is thatits transferfunctionsarethe samein 1-d and2-d.
Anothernice propertyis thatit hasno negative sidelobes.Therearemary definitionsof the gaussiariilter
in the literature(seepage? of Bracavell'). We defineo equalto 1/6 of thefilter width, andthe impulse
responsg@roportionatto exp[—0.5(t/0)?). With this definition, thetransferfunctionis exp[—2(mo f)2] and
thewavelengthat which the transferfunctionequals0.5is about5.34a, or about0.890f thefilter width.
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FigureJ.3: Transferfunctionsfor 2-D (radial) GMT filters

1R. Bracavell, TheFourier Transformandits Applications McGraw-Hill, London,444p.,1965.
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K. The GMT High-Resolution Coastline Data

Startingwith version3.0, GM> useacompletelynew coastlinedatabasandthepscoast utility wasbeen
completelyrewritten to handlethe new file format. Many usershave asked us why it hastaken so long
for G to usea high-resolutiorcoastlinedatabaseafterall, suchdatahave beenavailablein the public
domainfor years. To answersuchquestionsve will take you alongthe roadthat startswith thesepublic
domaindatasetsandendsup with thedatabaseisedby GMD.

K.1 Selectingthe right data

Therearetwo well-known public-domaindatasetsthat could be usedfor this purpose.Onceis known

asthe World DataBankll or CIA DataBank (WDB) andcontainscoastlines|akes,political boundaries,
andrivers. The other the World Vector Shoreling(WVS) only containsshorelinesetweensaltwaterand

land (i.e., no lakes). It turnsout thatthe WVS datais far superiorto the WDB dataasfar asdataquality

goes,but asnotedit lackslakes,notto mentionriversandborders.We decidedto usethe WVS whenever

possibleandsupplementt with WDB data.We got thesedataoverthe Internet;they arealsoavailableon

CD-ROM from the NationalGeophysicaDataCenterin Boulder, Coloradd.

K.2 Format required by GMT

In orderto paint continentsor oceansit is necessaryhat the coastlinedatabe organizedin polygons
that may be filled. Simple line sggmentscan be usedto draw the coastline,but for painting polygons
arerequired. Both the WVS and WDB dataconsistsof unsortedine segments:thereis no information
includedthat tells you which seggmentsbelongto the samepolygon (e.g., Australiashouldbe one large
polygon).In addition,polygonsenclosingand mustbe differentiatedrom polygonsenclosingakessince
they will needdifferentpaint. Finally, we wantpscoast to beflexible enoughthatit canpaintthelandor
theoceanor both. If justland (or oceans)s selectedve do notwantto paintthoseareaghatarenotland
(or oceanskinceprevious plot programsamay have drawn in thoseareas.Thus,we will needto combine
polygonsinto new polygonsthatlendthemselesto fill land (or oceanspnly (Notethatolderversionsof
pscoast alwayspaintedlakesandwipedoutwhatever wasplottedbeneath).

K.3 Thelong and winding road

TheWVS andWDB togetherepresenmorethan100Mb of binarydataandsomethindik e 20 million data
points.Hence |t become®bviousthatany manipulatiorof thesedatamustbeautomatedFor instancethe

reasonableequirementhatno coastlineshouldcrossanothercoastlinebecomes complicatedprocessing
step.

1. To begin, wefirst madesurethatall datawere“clean”, i.e. thattherewereno outliersandbadpoints.
We hadto write several programsto ensuredataconsisteng and remove “spikes” and bad points
from the raw data. Also, crossingsegmentswere automatically“trimmed” provided only a few
pointshadto bedeleted A few hundredmorecomplicateccaseshadto be examinedsemi-manually

2. Programswerewritten to examineall the loosesegmentsanddeterminewhich segmentsshouldbe
joined to producepolygons. Becausenot all sggmentsjoined exactly (therewere non-zerogaps
betweersomesggments)we hadto find all possiblecombinationsand choosethe simplestcombi-
nations. The WVS segmentsjoined to producemorethan200,000polygons,the largestbeingthe
Africa-Eurasigpolygonwhich has1.4 million points. The WDB dataresultedn a smallerdatabase
(~25%0f WVS).

Iwww.ngdc.noaa.go
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3. We now neededto combinethe WVS and WDB databases. The main problemhereis that we
have duplicatesof polygons:mostof the featuresn WVS arealsoin WDB. However, becausehe
resolutionof thedatadiffer it is nontrivial to figureoutwhich polygonsin WDB to includeandwhich
onesto ignore. We usedtwo techniquego addresshis problem. First, we looked for crosseers
betweerall possiblepairsof polygons.Becaus®f thecrosseerprocessingn stepl abose we know
thattherearenoremainingcrosseerswithin WVS andWDB; thusary crosseerswould bebetween
WVS and WDB polygons. Cross@ers could meantwo things: (1) A slightly misplacedWDB
polygoncrossesa moreaccurateVVS polygon, both representinghe samegeographideature,or
(2) amisplacedWWDB polygon(e.g. a smallcoastalake) crosseghe accurate VS shoreline.We
distinguishedetweerthesecasedy comparingheareaandcentroidof thetwo polygons.In almost
all casest wasobviouswhenwe hadduplicatesa few caseshadto be checled manually Second,
on mary occasionghe WDB duplicatepolygondid not crossits WVS counterparbut was either
entirelyinsideor outsidethe WVS polygon.In thosecasesve relied on the area-centroidests.

4. While thelargestpolygonswereeasyto identify by visualinspectionthe majority remainunidenti-
fied. Sinceit is importantto know whethera polygonis a continentor a smallpondinsideanisland
insidea lake we wrote programghatwould determinehe hierarchicalevel of eachpolygon. Here,
level = 1 representscean/landoundaries? is land/lalkesborders 3 is lakes/islands-in-lags,and4
is islands-in-lales/ponds-in-islands-in-l&s. Level 4 wasthe highestlevel encounteredh the data.
To automaticallydeterminethe hierarchicalevelswe wrote programghatwould compareall possi-
ble pairsof polygonsandfind how mary polygonsa givenpolygonwasinside. Becausef the size
andnumberof the polygonssuchprogramswould typically runfor 3 dayson a Sparc-2workstation.

5. Oncewe know whattype a polygonis we canenforcea common“orientation” for all polygons.
We arrangedhemsothatwhenyou move alonga polygonfrom beginningto end,your left handis
pointingtoward “land”. At this stepwe alsocomputedhe areaof all polygonssincewe would like
theoptionto plot only featureghatarebiggerthana minimumareato be specifiedby the user

6. Obviously, if youneedto make amapof Denmarkthenyou do notwantto readtheentirel.4million
pointsmaking up the Africa-Eurasiapolygon. Furthermoremostplotting deviceswill notlet you
paintandfill a polygon of that size dueto memoryrestrictions. Hence,we needto partition the
polygonssothatsmallersubsetsanbe accessedapidly. Likewise,if youwantto plot aworld map
onalettersizepaperthereis no needto plot 10 million datapointsasmostof themwill plot several
timesonthesamepixel andtheoperationwouldtake averylongtimeto complete We choseo make
5 versionson the databasegorrespondingdo differentresolutions.The decimationwas carriedout
usingthe Douglas-Peualr (DP) line-reductionalgorithi?. We chosethe cutoffs sothateachsubset
wasapproximately20% the size of the next higherresolution. The five resolutionsare calledfull,
high, intermediatelow, andcrude;they areaccesseth pscoast , gmtselect , andgrdlandmask
with the—D optior?. For eachof these5 datasets(f, h, i, |, ¢) we specifiedan equidistangrid (1°,
2°,5°,10°, 20°) andsplit all polygonsinto line-segmentsthateachfit insideoneof the mary boxes
definedby thesegrid lines. Thus,to paintthe entire continentof Australiawe insteadpaint mary
smallerpolygonsmadeup of theseline segmentsandgridlines. Somebook-keepinghasto be done
sincewe needto know which parentpolygonthesesmallerpiecescamefrom in orderto prescribe
thecorrectpaintor ignoreif thefeatureis smallerthanthe cutoff specifiedby the user Theresulting
segmentcoordinatewerethenscaledto fit in shortintegerformatto presere precisionandwritten
in netCDFformatfor ultimateportability acrosshardwareplatformg'.

7. While we arenow backto afile of line-segmentswe arein a muchbetterpositionto createsmaller
polygonsfor painting. Two problemsmustbe overcometo correctlypaintanarea:

2Dougles,D.H., andT. K. Peucler, 1973, Algorithms for the reductionof the numberof pointsrequiredto represena digitized
line or its caricatureCanadianCartographer, 10,112-122.

3Thefull andhigh resolutionfiles arein separaterchivesbecaus®f their size.Not all usersmay needthesefiles astheinterme-
diatedatasetis betterthanthe dataprovided with version2.1.4.

4If you needcompletepolygonsin a simplerformat, seethe article on GSHHS(Wessel P, andW. H. F. Smith, 1996,A Global,
self-consistenthierarchicalhigh-resolutiorshorelinedatabase). GeophysRes.101, 8741-8743).
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e \We mustbeableto join line segmentsandgrid cell bordersnto meaningfulpolygons;how we
do thiswill dependnwhetherwe wantto paintthelandor theoceans.

e \We wantto nestthe polygonssothat no paintfalls on areaghatare“wet” (or “dry”); e.g.,if
a grid cell completelyon land containsa lake with a smallisland,we do not wantto paintthe
lake andthendraw theisland,but paintthe annulusor “donut” thatis representetby the land
andlake,andthenplot theisland.

GMDY usesa polygon-assemblyoutinethatcarriesout thesetaskson thefly.

K.4 The Five Resolutions

We will demonstrate¢he power of the new databaséy startingwith a regionalhemispherenapcentered
nearPapuaNew Guineaandzoomin on a specifiedpoint. The mapregionswill be specifiedin projected
km from the projectioncenter e.g., we may want the mapto go from -2000 km to +2000km in the
longitudinal directionand-1500km to +1500km in the latitudinal direction. However, GMY programs
expectsdegreesn the—R optionthatspecifiegthedesiredregion. Giventhe chosermapprojectionwe can
automatehis procesdy usinga simplecshellscriptthatwe call getbox:

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

Also, aswe zoomin ontheprojectioncenterwe wantto draw the outline of thenext mapregiononthe
plot. To do thatwe needthe geographicatoordinatesf the four cornersof the region rectangle.Again,
we automatehis taskby addingthe simplescriptgetrect:

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

K.4.1 The crude resolution(-Dc)

We begin with an azimuthalequidistantmap of the hemisphereenteredon 130°21'E, 0°12'S, which is

slightly westof New Guineanearthe Straitof Dampier Theedgeof themapareall 9000km truedistance
from the projectioncenter At this scale(andfor global maps)the cruderesolutiondatawill usuallybe

adequatéo capturethe maingeographideatures.To avoid clutteringthe mapwith insignificantdetailwe

only plot featureg(i.e., polygons)thatexceed500km? in area.Smallerfeatureswvould only occupy a few

pixels on the plot and make the maplook “dirty”. We alsoadd nationalbordersto the plot. The crude
databasés heavily decimatedandsimplified by the DP-routine:Thetotalfile sizeof the coastlinesrivers,
andborderds only 286 Kbytes. Theplot is produceddy the commandthe box indicateshe outline of the
next map):

#!/bin/sh
# $ld: GMT_App_K_l.sh,v 1.1 2001/03/21 04:10:21 pwessel Exp $
#
gmtset GRID_CROSS_SIZEO OBLIQUE_ANOTATIONO WANT_EURO_FONHKFALSE
pscoast  ‘./getbox -JE130.35/-0.2/1i -9000 9000 -9000 9000° -JE130.35/-0.2/3.5i -P -Dc \
-A500 -G200 -WO0.25p -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 -W15p -L -A\

>> GMT_App_K_1.ps

Here,the egrep commandwvasusedto remove somelongitudinalannotationsiearthe polesthatother
wisewould overprinf.

5|f this is confusing remove the egrep commandandview theresult.
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FigureK.1: Map usingthe cruderesolutioncoastlinedata

K.4.2 The low resolution(-DI)

We have now reducedhe mapareaby zoomingin on the mapcenter Now, the edgesof the mapareall
2000km true distancefrom the projectioncenter At this scalewe choosethe low resolutiondatathat
faithfully reproducethe dominantgeographideaturesin the region. We cut backon minor featuredess
than100 km? in area. We still add nationalbordersto the plot. The low databasés lessdecimatedand
simplified by the DP-routine: The total file size of the coastlinesrivers,andborderscombinedgrows to
876Kbytes;it is the defaultresolutionin GwMY. Theplotis generatedy thecommand:

#!/bin/sh

# $ld: GMT_App_K_2.sh,yv 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 -DI -A100 -G200 \
-W0.25p -N1/0.25tap -B10g5WSne -K > GMT_App_K_2.ps

Jgetrect -JE130.35/-0.2/1i -500 500 -500 500 | psxy -R -JE130.35/-0.2/3.5i -O -W15p -L -A\

>> GMT_App_K_2.ps

K.4.3 The intermediate resolution (—Di)

We continueto zoomin on the mapcenter In this map,the edgesof the mapareall 500km truedistance
from the projectioncenter We abandorthelow resolutiondatasetasit would look too jaggedatthis scale
and insteademploy the intermediateresolutiondatathat faithfully reproducethe dominantgeographic
featuresn theregion. Thistime, we ignorefeaturedessthan20 km? in area.Althoughthe scriptstill asks
for nationalbordersnoneexist within our region. The intermediatedatabasés moderatelydecimatedand

simplified by the DP-routine: The combinedfile size of the coastlinesyivers,andbordersnow exceeds
3.28Mbytes. Theplot is generatedby the commands:

#!/bin/sh
# $ld: 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: Map usingthe low 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 -W15p -L -A\
>> GMT_App_K_3.ps

K.4.4 The high resolution(—Dh)

The relentlesszooming continues! Now, the edgesof the map are all 100 km true distancefrom the
projectioncenter We stepup to the high resolutiondatasetasit is neededto accuratelyportray the
detailedgeographideatureswithin theregion. Becausef the smallscalewe only ignorefeaturedessthan
1 km? in area. The high resolutiondatabasdasundegoneminor decimationand simplification by the
DP-routine: The combinedfile sizeof the coastlinesrivers,andbordersnow swellsto 12.2 Mbytes. The
mapandthefinal outline box aregeneratedby thesecommands:

#!/bin/sh

# $ld: 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 -Al -G200 \
-W0.25p -N1/0.25tap  -B30mglOmWSne -K > GMT_App_K_4.ps

Jgetrect -JE130.35/-0.2/1i -20 20 -20 20 | psxy -R -JE130.35/-0.2/3.5i -O -W1l5p -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 westernside of the smallisland of
Waigeo.Themapareais approximately40 by 40 km. We call uponthefull resolutiondatasetto portraythe
richnesof geographiaetailwithin this region; no featuresareignored.Thefull resolutionhasundegone
no decimationandit shovs: Thecombinedile sizeof the coastlinesrivers,andborderdotalsahefty 55.7
Mbytes. Our final mapis reproducedy the singlecommand:




APPENDIXK. THE GMT HIGH-RESOLUTIONCOASTLINE DATA 103

=
e
\

I
{
!

e
s | & Xmo ©
b Q\/\{m\ .

> . y R g
\{

LES

M
GF

@

126° 128° 130° 132° 134°

N

-
6
Y
ez
el g

P A

FigureK.3: Map usingtheintermediataesolutioncoastlinedata
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#!/bin/sh

# $ld: 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 efficentandwise useof this vastdata
set.
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L. GMT onnon-UNIX platforms

L.1 Intr oduction

While GV canbe portedto nonUNIX systemsuchasWindows andMacOS,it is alsotrue thatone of
the strengthsof GWY lies its symbioticrelationshipwith UNIX. We thereforerecommendhat GMY be
installedin a POSIX-compliantUNIX PC environmentsuchasLinux (PC)or MkLinux (Mac). Thereare
alsocommerciaproductsfor PCs(e.qg.,Interix [formerly OpenNTE) andMacs(e.g.,MachTer?) thatwill
provide a POSIXenvironmentwithoutrebootinginto UNIX. Installationof GMY underinterix or Machten
is no differentthanunderotherPOSIXUNIXsystems.

However, if you own a PCandneeda publicdomain,no-costsolutionotherthanLinux you have afew
additionaloptions.At thetime of this writing they include

1. Installaw> underCygwin (A GNU portto Windows).
2. InstallaM> underDJGPP(anothetGNU portto Windows/DOS).

3. Installam> directly usingMicrosoft C/C++or othercompilers.

Unlike thefirst two, thelatterwill notprovide youwith any UNIX toolssoyouwill belimited to what
you cando with DOS batchfiles.

L.2 Cygwin and GMT

BecausesM> worksbestin conjugationwith UNIX toolswe suggest/ou install GMY usingthe Cygwin
productfrom Cygnus(now assimilatedy Redhat)nc.). Notetherearetwo versions:Oneis commercially
availableandcontainsa few moretools,in particularthe tcsh shell,but is only availablefor Windows NT
or Windows 2000. The otheris the free versionfor ary Windows versionandit usesthe BourneAgain
shell bash. Herewe will assumeyou have the free versionandwill be usingthis shell. You alsohave
accesgo moststandardSNU developmentools suchascompilersandtext processindools (awk, grep,
sed etc.). If you dontmind learningbash scripting® you canwrite ary type of GMY scripts(The GMY
examplesalsocomein bashform).

Follow theinstructionson the Cygwin pagé on how to install the executablesit takesaneffort notto
dothis correctly

Onceyou are up andrunning underCygwin, you may install GM> the sameway you do underary
otherUNIX platformby eitherrunningtheautomatednstall via install_gmt or manuallyrunningconfigure
first, thentypemake all. For detailsseethe generaREADME file. After installingyou shouldmake a few
changedo thesetup:

1. In Windows/DOS,setthe two ervironmentalvariablesHOME and GMTHOME to point to your
“home” directorywhile runningCygwinandthe GMT install directory Thesewo parametershould
be definedin the autoexec.baffile andcould be somethingdik e®

e SET HOME=C\USER
e SET GMTHOME=GGMT

UnderWindows NT or 2000you settheseervironmentalparametersia the Systemcontrol panel.

2. In this homedirectory make thefile .bashravhereyou placea few definitions:

Iwww.interix.com

2www.tenon.com

30'Reilly & Associatesinc hasa suitablebook, Learningthe bashshell ISBN 1-56592-347-2).
4sources.redhat.conygwin

5pleasehangeUSERto your actualhomedirectory andGMT to theactualGMT install directory
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¢ HOME=//C/USER
¢ GMTHOME=//C/IGMT

L.3 DJGPPand GMT

DJGPP is similar to Cygwin in thatit providesprecompiledJNIX tools for DOS/WIN32,including the
bash shell. At thetime of this writing we have not beensuccessfuln compiling netCDFin this envi-
ronment. This is fully dueto our limited understandingf the innardsof the netCDFinstallationwhose
configurescript did not work for us. As soonasthis problemis overcomewe expecta smoothinstall
similarto thatof Cygwin.

L.4 WIN32 and GMT

awMD will compileandinstall usingtheMicrosoft Visual C/C++compiler We expectotherWIN32 C com-
pilersto give similar results.Sinceconfigure cannotbe run you mustmanuallyrenamegmt.notposix.h.in
to gmt.notposix.h The netCDFhomepagegivesfull informationon how to compileandinstall netCDF;
precompiledibrariesarealsoavailable. At presenive simply have alamegmtinstall.bafile thatcompiles
theentireGMY packageandgmtsuppl.batvhich compilesmostof the supplementabrograms|f youjust
needto run GWMY anddo notwantto messwith compilationsgetthe precompiledbinariesfrom the Vo
ftp sites.

L.5 OS/2and GMT

GMY hasbeenportedto OS/2by Allen Cogbill’, Los AlamosNationalLaboratory Onemusthave EMX8
installedin orderto usethe executables.All featuresthat are presentin the UNIX versionof GwY are
availablein the OS/2version. All executablesnay be obtainedusinglinks in the following documeng,
which providesmoredetail onthe port.

L.6 MacOSand GMT

GM?Y hasnotbeenportedto theclassicaMacintoshplatform(i.e. MacOS9.x or earlier).For thatOS your
only optionis MachTen. However, GMY will install directly underMacOSX.

6Seewww.gnu.og for details.

"mailto:ahc@lanl.go

8ftp://ftp.geophysics.lanl.ggpub EES3/pubgmtiemxrtzip
ttp://ees.lanl.ga/pub/EES3/publgt/gmedos2.html
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