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1 Introduction

With thereleaseof theopen-sourceGIS GRASS5.0in early1999,opportunitiesarepresentedfor integration
with theopen-sourceR statisticaldataanalysisprogrammingenvironment(IhakaandGentleman,1996,code
obtainedfrom [1]). In theexamplespresented,R is run interactively within theGRASS5.0environment,
transferingdataby writing andreadingtemporarytext files; theoperatingsystemhereis Linux. Thenote
describestheimplementationin R of functionsneededto movedatabetweenGRASSandR, providing theuser
with a basicinterfacebetweenthetwo environments.

Developmentof theleadingOpenSourceGIS — GRASS— hasbeenmovedto Baylor Universityin Texas,
wherework ona new releaseincorporatingfloating-pointrastercell valuesandNULL valuesdifferentfrom zero
is now in betatesting(ByarsandClamons,1998,Linux binaryobtainedfrom [3]). In parallelwith this, theR
statisticalanddataanalysislanguage,alsoOpenSource,is maturingveryrapidly, andcannow executemostSand
S-PLUScodein anunmodifiedform. In thepast,whenS wasavailableonacademiclicense,integrationbetween
GRASSandSexistedin a loose-coupledform for integerrastercell valuessampledat pointsgivenin a sitelayer.

Theissuesinvolvedin linking two complex andfast-changingprogrammingenvironmentsareencapsulatedin a
comprehensiveway in theR functionsincludedin thecodeaccompanying thisnote.While theprogressreported
in this paperis basedonOpenSourceUnix-likeoperatingsystems,it is worth notingthatbothGRASSandR
havebeencompiledfor MS Windowssystems.Programmingtechniquesfor R arecoveredin Venablesand
Ripley (1997),andin materialsavailableat theR archive [2].

In work to date,theinterfaceusedis thatof thestatisticalanalysissystem,run from within theGISenvironment.
Givenmajordesigndifferencesin memorymanagement— GRASSusestheunderlyingfile system,while R
mapsall activeobjectsinto a staticareaof memoryallocatedwhentheprogramis started,managedby a garbage
collector— andotherproblems,it hasbeennecessaryto decideon a representationsuitingthedataanalysisand
visualizationtasksbeingperformed.Thismeansherethatthestatisticalprogrammingenvironmentis run from
within GRASS,permittingGRASScommandline instructions,includingthoserequiringinteraction,to beissued
from within R usingthesystem()function.

RunningunderUnix-family operatingsystems,GRASSonly customizestheuser’sprogramexecution
environment,addingspecificdefinitionsneededfor GRASSprogramsto beableto find thefilesandmetadata
requiredfor theirwork. GRASSdoesnot thenrepresentamajormemoryoverhead,andR canbelaunchedwith
plentyof spacefor its computations.Theexamplesreportedbelow did not needmorethan12Mbheapmemory
for analysisof a datasetwith 57600rastercells,andwith thejudiciousdeletionof dataobjectsfrom theheap,
lesswouldhavesurficed.
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2 Interface functions

Generalissuesinvolvedin interfacingstatisticalandGIS softwarearediscussedby Anselinet al. (1993)and
AnselinandBao(1997).BaoandAnselin(forthcoming)presentwork on aninterfacebetweenS-PLUSanda
commercialderivativeof GRASS,usinga moredeeplyembeddedtechniquethanthatcoveredin this note.The
motivationfor writing aninterfacein theinterpretedlanguageof oneof thelinkedsoftwaresystemsaspresented
below is to makea simpleinterfaceavailableto any analystwilling andableto downloadtwo opensource
programsandinstall them,at presentunderaUnix-likeoperatingsystem(seealsoBivand,1996).

Two interfacefunctionsareincludedin theaccompanying code,get.GRASS()to readoneor moreGRASSdata
basefiles (maplayers)into R, with anoptionto retainthecategory labelsof thevalues,andput.GRASS()to
exportsingleR numericalvectorsto GRASS.In bothcases,theenhancementsto GRASS5.0havebeenused,
takingaccountof floatingpoint numericalvaluesandNULL (notavailable)valuesdifferentfrom zero.In
previousreleasesof GRASS,valuesof zeromight benumericalzeroor NULL, andonly integervalueswere
used,inhibiting or complicatinganalysis.ThefunctionsarewrittenusingtheR language,supplementedwith a
smallutility function,list.GRASS(),to list existingGRASSrasterdatabasefiles.

At present,R canonly readfrom namedfilesor sockets,while GRASScanonly write to namedfilesor pipes.
While it would havebeenpossibleto useanadditionalinterpretedlanguage,for instancePerl,asglue,it was
decidedto write ASCII datato, andreadASCII datafrom, temporaryfiles,despitetheconsequencesfor
performanceof thischoice.NumericalGRASSmaplayersarereaddirectly into anR data.frameobject,
prependingGRASSgrid coordinatesasvariables“east” and“north” beforevariablesnamedfrom therequested
GRASSdatabasefile names.SincetheGRASSr.mapcalccommandandR imposesimilar conventionson map
layerandvariablenames,arithmeticallyambiguousnameslike “a-b” shouldnot occuroneitherside,andno
sanitycheckis made;layerandvariablenamesareassumedto belongto thesubsetof namesvalid in both
environments.Whencategory labelsareimportedandR factorscreated,substantiallymoreinternalprocessingis
involved,bothin termsof copiesof datain memoryandtime.

Theget.GRASS()functioncreatesanobjectof class“grass”,usingtheR methoddespatchobjectnaming
convention.Objectsof thisclassarelistswith two elements:“data” and“meta”. The“data” list elementis the
data.frameobjectdescribedabove. If category labelshavebeenimported,thenthedata.framewill containfactor
columnsfor eachmaplayerthatpossessedcategory labels.The“meta” list elementcontainsawide rangeof
metadatacomponents,someof whicharereportedby summary.grass(),usingthemethoddespatchmechanism.
Methoddespatchis employedto permitgenericfunctions,suchassummary()or plot(), to call class-specific
functionsby concatenatingtheir own nameswith theclassof theobjectgivenastheir first argument.

Themetadataarealsousedby plot.grass(),whichprovidesasimpleinterfacebetween“grass”dataobjectsand
theimage()function,to give thedimensionsof theplottingwindow, andto reversetherow orderof theimage
matrix. GRASS,asmany GISandimagedisplaysystems,looksat theworld from top left down, while R assumes
thatdatabegin from bottomleft. Factorvariables,originally GRASSmaplayerswith category labels,maybe
plottedby takingtheir integercode()values,andpassingthroughanappropriaterangefor thesevaluesin the
image()functionzlim argument.

3 Examples

Two brief exampleswill bepresentedto illustratetheusesof theinterface.Thefirst is takenfrom theNorth-West
LeicestershireGRASSdatasetmadeavailablewith the“GRASS-seeds”tutorialby theAssistproject[1]. This
coversa12kmby 12kmsectionof centralEnglandwith 50mby 50mrastercell sizes.Two maplayershavebeen
importedinto R, “topo”, theelevationin metersinterpolatedfrom digitisedcontours,and“landcov”, acategory
labelledlandcoverclassificationfrom LandsatTM data.ExerciseB.1 in the“GRASS-seeds”tutorial involvesthe
useof ther.averageandr.reportcommandsto calculateaverageheightby landcovercategory. Herewe not only
usetheR summary()functionby category: tapply(topo,landcov, summary)to adda Tukey fivenumbersummary
to themean,asshown in Table1, but alsodisplayin Figure1 boxplotsof elevationby landcovercategory:
boxplot(topõ landcov). Suchexploratoryandgraphicalstatisticalfunctionsgivea muchclearerimpressionof
theunderlyingdistributionsthantheirmeans.

Thesecondexampleis from ageomorphometricclassificationof thetopographyof Kosovo, basedon GTOPO30
elevationdata(30secondgrid datafrom [4], andprojectedto UTM zone34),describedin moredetailby Bivand
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Landcover Min. 1stQu. Median Mean 3rdQu. Max.
Arable 40 63 81 104.00 153 270
Industry 40 42 59 83.61 120 220
Pasture 40 75 145 133.50 180 278
Quarry 40 59 161 135.30 177 198
Residential 40 53 60 76.30 80 218
Scrub 40 100 161 148.20 196 270
Water 47 65 99 99.27 131 221
Woodland 40 118 156 142.90 174 248

Table1: Summarystatisticsof elevationin metersby landcovercategoriesfor North-WestLeicestershire.
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Figure1: Boxplotsof elevationby landcovercategoriesfor North-WestLeicestershire.
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Figure2: Graphicaldataanalysisof elevationin Kosovo, usinga varietyof
�

functions;for comparisonwith Luo
(1998),skewness:1.583,kurtosis:2.219.
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(1999).This datasetis interestingbecauseit is importedinto R from floatingpointGRASSdatabasefiles,which
alsouseNULL valuesto representcell locationsbeyondthebordersof theprovince;thedatasethas163rows
and164columns,with acell sizeof 1000min eachdirection.Beforeundertakingtheclassification,theelevation
datawereexploredasshown in Figure2, usingahistogramfunction(truehist(),VenablesandRipley, 1997)
permittingcontrolof bin widthsandthestartingpointof thedisplay, anda densitytracewith defaultbandwidth
(Jacoby, 1997).A hypsometricanalysiswasperformed,andis alsoshown in Figure2; unlikeLuo (1998),usewas
madeof Pike andWilson’s (1971)resultthatthehypsometricintegral andtheelevation-reliefratioarethesame.
Finally, essentiallythesamediagramwasmadeby plotting theempiricalcumulativedensityfunctionof the
elevationdata(Jacoby, 1997).
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Figure3: Left: elevation in Kosovo; right: geomorphometricclassificationinto five surfacetopographyclasses;
scalein grid meters(bothfiguresweremadeusingplot.grass()supplementedby extra commandsto constructand
placethelegends).

Class Min. 1stQu. Median Mean 3rdQu. Max.
1 290.3 572.1 655.6 690.9 771.5 1811
2 318.1 717.0 908.7 1036.0 1298.0 2244
3 513.1 939.2 1223.0 1327.0 1674.0 2474
4 332.3 589.0 699.6 747.0 856.3 2405
5 293.8 428.9 505.5 495.8 558.1 1023

Table2: Summarystatisticsof elevationin metersby geomorphometricclassesfor Kosovo.

As Jones(1998)hasshown, theZevenbergenandThorne(1987)methodfor computingslopesfrom gridded
elevationdataperformsbetterthanmany alternatives(seealsoBurroughandMcDonnell,1998).Usingthis
method,slopegradientandplanandprofilecurvaturewereaddedto elevation,local relief in a 3 � 3 window, and
thelocalelevation-reliefratio,againin a3 � 3 window, asa basisfor classification,logarithmsbeingtakenof
threeof thevariables.Figure3 shows thetopographyof Kosovo, andtheresultsof a classificationof 10948cells
into 5 classesusingtheclara()functionfrom theclusterpackage,while Table2 displaysthedistributionsof
elevationby class.

4 Conclusion

Thecodeaccompanying thisnoteis a first stepin makingGRASSdatabasefilesavailablefor analysisin R, and
couldbeextendedby readingdatainto R directly in binaryform, andby includingfile typesotherthanraster. In
particular, theuseof R functionsfor interpolationfrom irregularlyspacedpointsto regulargrids,or for point
patternanalysisor otherspatialstatisticaltechniquesin connectionwith GRASSwould bewelcome.The
functionspresenteddo notuselanguageconstructsspecificto R, andshouldthereforework with S; sincethey use
simplefile transfer, they couldalsoeasilybeadaptedto work with otherrasterGISwith commandline interfaces
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at theUnix shell level. Finally, it wouldbeinterestingto seewhetherthesameapproachcanbeusedto link R and
GRASSunderMS Windowsoperatingsystems;R runswell underWindows,while GRASShasbeenmade
availablefor thesameplatform,althoughbotharedevelopedunderUnix-likeoperatingsystems.
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Appendix:
R function code
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