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Abstract

Mary researcherwish to exploreandanalysespatialdata,but typical softwaredoesnot readily permitsuch
integration. This notepresentsa simpleinterfacebetweerntwo opensourcesoftwaresystemsthe GRASS
geographicainformationsystemandthe R statisticaldataanalysidanguageThe platformusedhereis
GNU/Linux, becauséothsystemscompileandinstall cleanly;R runscleanlyin Windows ervironmentsas
well. Theinterfaceallows floating pointandcateyory datato be passedothwaysfor rastermaplayersandsites
files; NULL GRASSrastercellsinterchangeavith R NA (notavailable)values.Becausdothsystemsare
developingrapidly and GRASSdatabasénternalschangingoften, theinterfaceusesASCII transfervia
temporaryfiles generatedy standargrograms.Theinterfaceoperatedy runningR from within the GRASS
environment,andissuescommanddo GRASSprogramshroughthe R system()ffunction. Theaccompaying
codeis constructecasan R packageandcontainswrapperfunctionsfor R plotting, andfor R analytical
functionsreturninggriddedoutput,suchastrendsurfaceandkriging prediction,kerneldensityestimationof
point patternsandbicubicsplineinterpolation.Thesetypical spatialanalyticaltechniquesalsooftenavailable
in someform in GIS, areamplybuttressedn R by alargerangeof otherstatisticalandgraphicalfunctions,
giving substantiainsightinto the dataor resultsbeinghandled.Theinterfacewill be extendedo vectordata,
andwill becoordinatedvith otherdatabaséntegrationpackagesn R andGRASS.
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1 Introduction

With thereleaseof the open-sourc&1S GRASS5.0in early1999,0pportunitiesarepresentedor integration
with the open-sourc® statisticaldataanalysisprogrammingenvironment(lhakaandGentleman1996,code
obtainedrom [2]). In theexamplespresentedR is run interactizely within the GRASS5.0 environment,
transferingdataby writing andreadingtemporarytext files; the operatingsystemhereis GNU/Linux. Thenote
describesheimplementatiorin R of functionsneededo move databetweenGRASSandR, providing theuser
with a basicinterfacebetweerthetwo ervironments.

Developmentof theleadingOpenSourceGlS — GRASS— hasbeenmovedto Baylor Universityin Texas,
wherework on anew releasencorporatingfloating-pointrastercell valuesandNULL valuesdifferentfrom zero
is now in betatesting(ByarsandClamons, 1998,sourcebtainedrom [3]). In parallelwith this,theR
statisticalanddataanalysidanguagealsoOpenSource js maturingvery rapidly, andcannow executemostS
andS-PLUScodein anunmodifiedform. In the pastwhenS wasavailableon academidicenseintegration
betweenGRASSandS existedin aloose-coupledorm for integerrastercell valuessampledat pointsgivenin a
sitelayer.

Theissuesnvolvedin linking two complex andfast-changingrrogrammingernvironmentsareencapsulated
in acomprehensi way in the R functionsincludedin the codeaccompanying this note.While the progress
reportedn this paperis basedn OpenSourceUnix-like operatingsystemsit is worth notingthatbothGRASS
andR have beencompiledfor MS Windows systemsProgrammingechniquegor R arecoveredin Venables
andRipley (1997),andin materialsavailableatthe R archie [2].

*Paperin procesof acceptancat Computerst Geosciencesndis subjectto copyright restrictions.



In work to date theinterfaceusedis thatof the statisticalanalysissystem run from within the GIS
environment.Givenmajordesigndifferencesn memorymanagement— GRASSusesthe underlyindfile
systemwhile R mapsall active objectsinto a staticareaof memoryallocatedwhenthe programis started,
managedy a garbagecollector— andotherproblemsjt hasbeennecessaryo decideon arepresentation
suitingthe dataanalysisandvisualizationtasksbeingperformed.This meansherethatthe statistical
programmingervironmentis run from within GRASS,permittingGRASScommandine instructionsjncluding
thoserequiringinteraction to beissuedrom within R usingthesystem() function,asshavn in thefollowing
executionlog snippet.Herethe systempromptis $, the GRASSpromptGRASS: ~/wd >, andthe R prompt>.
Here,the GRASSg. 1ist commandisting availablesite databasefiles in the currentlocationis accessedtom
within R, next, the samefunctionalityis achiezedwith theinterfacefunction1ist.GRASS () returninganR
charactepbjectwith sitesfile namesandfinally the GRASSGUI tcltkgrass is startedrom within R, giving
point-and-clickaccesgso muchGRASSfunctionality, includingdisplay:

$ grass5.0betab
(choice of GRASS location)
Welcome to GRASS 5.0betab (December 1999)

Geographic Resources Analysis Support System (GRASS) is Copyright,
1999 by the GRASS Development Team, and licensed under terms of
the Gnu Public License (GPL).

This new release of GRASS is coordinated and produced by the GRASS
Development Team Headquartered at Baylor University with development
sites located at the University of Hannover and University of Illinois.

When ready to quit enter: exit
GRASS:"/wd > R

R : Copyright 2000, The R Development Core Team
Version 0.99.0 (February 7, 2000)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditionms.
Type "7license" or "7licence" for distribution details.

Type "q()" to quit R.

> system("g.list sites")

site list files available in mapset rsb:
ex.pcbs.in ex.pcbslog.in pcbsl pcbslog.in pcbslog2 test xx
ex.pcbscat.in pcbs.in pcbslog pcbslogl s.test trl

> print(list.GRASS("sites"))

[1] "ex.pcbs.in" "ex.pcbslog.in" "pcbsi" "pcbslog.in"
[5] "pcbslog2" "test" "xx" "ex.pcbscat.in"
[9] "pcbs.in" "pcbslog" "pcbslogl" "s.test"

[13] "tri"

> system("tcltkgrass&")

>

> q0)

Save workspace image? [y/n/c]: n
GRASS: " /wd > exit

Goodbye from GRASS GIS

RunningunderUnix-family operatingsystemsGRASSonly customizeshe users programexecution
ervironment,addingspecificdefinitionsneededor GRASSprogramgo beableto find thefilesandmetadata
requiredfor theirwork. GRASSdoesnotthenrepresena majormemoryoverheadandR canbelaunchedwith
plenty of spacefor its computationsThe examplefrom North-WestLeicestershireeportedbelon did notneed
morethan12Mb heapmemoryfor analysisof a datasetwith 57600rastercells,and8Mb heapmemorywas
enoughfor the otherexamples.



2 Interfacefunctions

Generalssuesnvolvedin interfacingstatisticalandGIS softwarearediscussedby Anselinetal. (1993)and
AnselinandBao (1997). The motivationfor writing aninterfacein theinterpretedanguageof oneof thelinked
softwaresystemsaspresentedbelav is to make a simpleinterfaceavailableto ary analystwilling andableto
downloadtwo opensourceprogramsandinstall them,at presentundera Unix-lik e operatingsystem(seealso
Bivand,1996).TheresourcesisedherewereRedHatLinux 6.1 (2.2.12-20kernel,C compiler: egcs-2.91.66,
Fortrancompiler: GNU Fortran0.5.24-19981002)GRASS5.0beta5, andR-0.99.0.

Theaccompaying codehasbeenwritten asanR packagecontainingR code full manualpageswith
examplesandatestdataset,describedasthethird examplebelon. The packagemay beinstalledunderR by
executing$ R INSTALL GRASS aswith otherpackagesThefunctionsusea numberof packagesverand
above thosefoundin the standardR distribution to runthe exampleshut all arereadily availablefrom [2]. The
manualpagefor the datasetgivesdetailsof the parametersieededo initialize the GRASSIocationfor the
Pontypoolexample,andonceGRASShasbeenstartedusingthis location,theinstallationof the packagecanbe
checledby executingGRASS: > R CMD check GRASS. Ona90MHz Pentiumthe exhausve testof package
functionality takesseveral minutes generatingsubstantiaraphicaloutput.

Two rasterinterfacefunctionsareincludedin theaccompaping code,rast .get () to readoneor more
GRASSdatabasefiles (rastermaplayers)into R, with anoptionto retainthe catgory labelsof thevalues,and
rast.put () to exportsingleR numericalvectorsto GRASS.In bothcasestheenhancement® GRASS5.0
have beenused takingaccounbf floating point numericalvaluesandNULL (notavailable)valuesdifferent
from zero.In previousreleasesf GRASS valuesof zeromightbenumericalzeroor NULL, andonly integer
valueswereused,inhibiting or complicatinganalysis.The functionsarewritten usingthe R language,
supplementeavith a smallutility function,1ist.GRASS (), to list existing GRASSdatabasefiles. Underlying
supportis provided by thegmeta () function,which retrieveslocationandregion metadataisingthe GRASS
g.gisenv andg.region commandsandconstructs selectionof auxilliary dataobjectsfor usein other
functions.

Thegmeta()functioncreatesanobjectof class‘grassmeta”usingthe R methoddespatctobjectnaming
corvention. Objectsof this classarelists with a wide rangeof metadatazomponentssomeof which arereported
by summarygrassmeta(lsingthe methoddespatchmechanismMethoddespatchis emplgredto permit
genericfunctions,suchassummary()or plot(), to call class-specififunctionsby concatenatingheir own names
with the classof the objectgivenastheir first amgument.

Two interfacefunctionsarealsoprovidedfor sitesdatabasefiles, sites.get () andsites.put (), which
aresuitedto therevisedsitesdefinitionimplementedn GRASS5.0. While rast . put () only checksthatthe
numberof dataitemsbeingmovedfrom R to a GRASSrastermaplayeragreesvith the numberof cellsin the
currentregion, sites.put () issuesawarningif someof the sitesareoutsidetheregion, andexits without
transferringdataif all the pointsarebeyondtheregion definedin the “grassmeta’dataobject.

At presentR canonly readfrom namedfiles or soclets,while GRASScanonly write to namedfiles or
pipes.While it would have beenpossibleto useanadditionalinterpretedanguagefor instancePerl,asglue, it
wasdecidedo write ASCII datato, andreadASCII datafrom, temporaryfiles, despitethe consequencesr
performancef this choice.A furtheroptionwill beto dynamicallyloadunderlyingGRASSdatabaseaccess
functionlibrariesinto R, but this hasheenavoidedfor the presenuntil GRASS5.0stabilizesfurther ASCII data
files areeasierto dehug thanbinaryintegration,althoughattentionneedgo be paidto lossof significantdigitsin
floating pointtransfers.

GRASSmaplayersandsitesdatabasefiles arereaddirectly into R dataframeobjects.Sincethe GRASS
r.mapcalc commandandR imposesimilar corventionson maplayerandvariablenamesarithmetically
ambiguousiamedik e “a-b” shouldnot occuron eitherside,andno sanitycheckis made;layerandvariable
namesareassumedo belongto the subsebf hamesvalid in bothenvironments.Whencateyory labelsare
importedandR factorscreatedsubstantiallymoreinternalprocessingds involved, bothin termsof copiesof
datain memoryandtime. R factorsaredataobjectswith integercodesandlevelslabels,andarerecognizedy a
rangeof R functions,suchasboxplot (), illustratedbelaw.

Themetadatarealsousedby plot.grassmeta(), which providesa simpleinterfacebetweerfgrassmeta”
dataobjectsandthe image () function,to give the dimension®f the plotting window, andto reversetherow
orderof theimagematrix. GRASS,asmary GIS andimagedisplaysystemslooksattheworld from top left
down, while R assumeshatdatabegin from bottomleft. Factorvariables originally GRASSmaplayerswith
category labels,maybe plottedby takingtheirintegercodes () values,andpassinghroughanappropriate
rangefor thesevaluesin the image () functionzlim argument.

Thefollowing codecomprisegheplot .grassmeta() function. It takesonerequiredargumenta
“grassmeta’ataobjectdefiningthe currentregion, anda numberof optionalarguments Thefirst is anumerical
vectorwith dataorderedasGRASSrastercellsfor plotting with image (), thenext two arelabelsfor the axes
passedo egscplot (), andthefinal ellipsis permitsfurtherunspecifiedbptionsto be passedo image (). The
testonthefirst line is neededecausé¢he functioncanbe calleddirectly, avoiding methoddespatcltlass
checking.Thenext line requireshatthe MASS packagebeloadedinto R, herebecausét containsthe useful
egscplot () function,imposingdimensionakqualityonthe scalef theaxes. This functionis usedto plot a



basemap,andif no“layer” argumentis given,plot.grassmeta() exits, leaving the currentplotting device
readyfor moregraphicsto beaddedby functionslike points, lines, or polygon. If alayerargumenthasbeen
given,andif its lengthis equalto thenumberof cellsin the currentregion asrecordedn the“grassmeta’tiata
object,the image () functionis calledandaddedo the currentplot, with agumentf eastingcoordinate®f
rastercell midpoints,northingcoordinate®f rastercell midpoints,anda suitablyarrangedableof valuesfrom
thelayerto bemapped There-arrangemens madenecessarpy GRASShaving an“upperleft” origin by
default,asopposedo “lowerleft” in image ().

plot.grassmeta <- function(G, layer=NULL, xlab="", ylab="", ...) {
if (class(G) != "grassmeta") stop("Data not a grass object")
require (MASS)
eqscplot(G$xlim, G$ylim, xlab=xlab, ylab=ylab, type="n", ...)

if (!is.null(layer)) {
if (length(layer) != G$Ncells)
stop("GRASS object metadata do not match layer length")
image (x=G$xseq, y=G$yseq, z=t(matrix(layer[G$reverse],
nrow=G$Nrow, ncol=G$Ncol, byrow=T)), add=T, ...)

Finally, wrapperfunctionsareprovidedin the packagdor initializing dataobjectsfor point patternanalysis,
for interpolationfrom irregular pointsto rastersandfor outputfrom two-dimensionakerneldensityestimation,
trendsurfaceanalysis andkriging, usingthe metadataetrievedby gmeta () . They areextensvely usedin the
worked examplesprovidedin the packageandrequirethe prior installationof the PontypoolGRASSIlocation,
andthefollowing R packagesmodrey (standard)akima,andMASS andspatialin the VR collection(optional).

3 Examples

Threebrief exampleswill be presentedo illustratethe usesof theinterface. Thefirst is takenfrom the
North-WestLeicestershirdsSRASSdatasetmadeavailablewith the “GRASS-seedstutorial by the Assist
project[1]. This coversa 12kmby 12kmsectionof centralEnglandwith 50mby 50mrastercell sizes.Two map
layershave beenimportedinto R, “topo”, the elevationin metersinterpolatedrom digitisedcontours and
“landcov”, acategory labelledland cover classificatiorfrom LandsafTM data.ExerciseB.1in the
“GRASS-seedstutorial involvesthe useof ther.averageandr.reportcommanddo calculateaverageheightby
landcover categyory. Herewe notonly usethe R summary () functionby cateyory: tapply(topo, landcov,
summary) to adda Tukey five numbersummaryto themean,asshavn in Tablel, but alsodisplayin Figurel
boxplotsof elevation by land cover cateyory: boxplot (topo ~ landcov). Suchexploratoryandgraphical
statisticalfunctionsgive amuchclearerimpressiorof the underlyingdistributionsthantheir means.

Tablel: Summarystatisticsof elevationin metersby land cover categoriesfor North-WestLeicestershire.

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 a7 65 99 99.27 131 221
Woodland 40 118 156 142.90 174 248

Thesecondexampleis from ageomorphometriclassificatiorof thetopographyof Kosovo, basecbn
GTOPO30elevationdata(30 secondyrid datafrom [4], andprojectedto UTM zone34), describedn more
detailwith codeexamplesby Bivand(1999). This datasetis interestingbecauseét is importedinto R from
floatingpoint GRASSdatabasefiles, which alsouseNULL valuesto representell locationsbeyondtheborders
of the province;thedatasethas163rows and164 columns,with a cell sizeof 1000min eachdirection.Before
undertakinghe classificationthe elevation datawereexploredasshavn in Figure2, afterfirst having dropped
NULL rastercells,usinga histogramfunction (truehist (), VenablesandRipley, 1997)permittingcontrol of
bin widthsandthe startingpoint of thedisplay anda densitytracewith default bandwidth(Jacoby1997).A
hypsometrianalysisvasperformedandis alsoshavn in Figure2; unlike Luo (1998),usewasmadeof Pike
andWilson’s (1971)resultthatthe hypsometridntegral andthe elevation-reliefratio arethe same Finally,
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Figurel: Boxplotsof elevationby land cover categoriesfor North-WestLeicestershire.

essentialljthe samediagramwasmadeby plotting the empiricalcumulatve densityfunction of the elevation
data(Jacoby1997). Thecodeusedto preparehediagramsn Figure?2 is shawvn belaw:

> G <- gmeta()

> morph <- rast.get(G, rlist=c("ER","LR","plan","prof","slope","elev"))
> morphl <- morph[!is.na(morph$elev),]

> mean(morphi$elev)

[1] 816.4051

> median(morphi$elev)

[1] 689.452

> truehist(morphi$elev, col="gray", xlab="elevation", xlim=c(0,2500))
plot(density(morphi$elev), xlim=c(0,2500))

rel.elev <- (morphi$elev - min(morphi$elev))/

(max (morphi$elev) - min(morphi$elev))
plot((seq(1:1length(rel.elev)))/length(rel.elev),
rev(sort(rel.elev)), type="1")

library(stepfun)

plot(ecdf (morphi$elev), verticals=F, do.p=F)

VvV + V 4+ VvV

As Joneq1998)hasshavn, the ZevenbegenandThorne(1987) methodfor computingslopesfrom gridded
elevationdataperformsbetterthanmary alternatves(seealsoBurroughandMcDonnell,1998). Usingthis
method slopegradientandplanandprofile cunaturewereaddedo elevation,local reliefin a3 x 3 window,
andthelocal elevation-reliefratio, againin a3 x 3 window, asa basisfor classificationJogarithmsbeingtaken
of threeof thevariables Figure3 shavs thetopographyof Kosovo, andtheresultsof a classificatiorof 10948
cellsinto 5 classesisingtheclara () functionfrom theclusterpackagewhile Table2 displaysthedistributions
of elevationby class.

Table2: Summarystatisticsof elevationin metersby geomorphometriclassedor Kosovo.
Class| Min. 1stQu. Median Mean 3rdQu. Max.

290.3 5721 6556 6909 7715 1811

318.1 717.0 908.7 1036.0 1298.0 2244

513.1 939.2 1223.0 1327.0 1674.0 2474

332.3 589.0 699.6 747.0 856.3 2405

293.8 4289 5055 4958 558.1 1023

b wWwNPE
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Figure2: Graphicaldataanalysisof elevationin Kosovo, usinga variety of R functions;for comparisorwith Luo

(1998),skewness:1.583,kurtosis:2.219.

Thethird exampleis the datasetdistributedwith theaccompaying code. It recordscontaminatiorof the
ervironmentwith polychlorinatedbipheryls aroundthe site of alarge plantfor theincinerationof chemical
wastesearPontypool, SouthWales.The dataframehas70 rows and3 columns:UTM zone30 eastingsaand
northings,andstandardisedumulatedscoresor seventypesof PCB. The original datawerepositionedn
relationto NationalGrid coordinatesandhave beenreprojectedo UTM zone30, usingthe WGS84ellipsoid
(Bailey andGatrell,1995,pagesl49-150).Thefollowing codeshaws theinterpolationof surfacevaluesof
logarithmsof contaminanvaluesfor the GRASSrastergrid usinginterp.new. G, awrapperfunctionfor
interp.new in theakima packagewhichimplementsAkima’'s new codefor R (Akima, 1996);NAs are
insertednto the grid outsidethe corvex hull of thepoints.Next, the R dataframeis transferredo GRASSas
sitesfloating point data,takinglogarithmsof PCBsvalues,andinterpolatedo thewhole GRASSgrid using
s.surf.rst, by regularizedsplineswith tension(Mitasova etal., 1995).1t maybenotedthatthesystem()
functionwould permitthe analystto loop over a sequencef tensionandsmoothvalues storingtheresultsin
separat@utputrasterfiles. Finally, theoutputof s. surf . rst is movedfrom GRASSto R, andsummary ()
taken of the differencedetweerthetwo interpolations.The graphicoutputis shawvn in Figure4; someof the
codeneededor icing is omittedin the extractbelow.

> data(pcbs)

> G <- gmeta()

> summary(G)

Data from GRASS 5.0 LOCATION pontypool with 88 columns and 108 rows.

The west-east range is: 68000, 70200, and the south-north: 74500, 77200;
West-east cell sizes are 25 units, and south-north 25 units.

> akspl <- interp.new.G(G, pcbs$east, pcbs$north, log(pcbs$pcbs))
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Figure3: Left: elevationin Kosovo; right: geomorphometriclassificationinto five surfacetopographyclasses;
scalein grid metergbothfiguresweremadeusingplot.grassmeta@upplementedly extracommandgo construct
andplacethelegends).

> summary(akspl)
Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
1.026 2.104 2.390 2.511 2.719 8.792 3456.000
plot(G, akspl, col=gray(22:8/24))
title("Bicubic spline interpolation")
sites.put(G, lname="ex.pcbslog.in", east=pcbs$east,
north=pcbs$north, var=log(pcbs$pcbs))
system(paste("s.surf.rst input=ex.pcbslog.in elev=ex.rst",
"tension=160 smooth=0.0 segmax=700"))
exget <- rast.get(G, rlist=c("ex.rst"))
summary (exget$ex.rst)
Min. 1st Qu. Median Mean 3rd Qu. Max.
0.9214 2.0520 2.2130 2.3440 2.4500 8.3640
> plot(G, exget$ex.rst, col=gray(22:8/24))
> title("Regularized spline with tension")
> summary(akspl-exget$ex.rst)
Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
-1.771e+00 -1.053e-01 9.931e-03 1.317e-02 1.256e-01 2.027e+00 3.456e+03

VvV V +V + vV VYV

4 Conclusion

The codeaccompaying this noteis afirst stepin makingGRASSdatabasefiles availablefor analysisin R, and
couldbeextendedby readingdatainto R directly in binaryform, andby includingfile typesotherthanraster
andsites,suchasvectordata,andwill becoordinatedvith otherdatabaséntegrationpackagesn R and
GRASS.Thefunctionspresentedio not uselanguageconstructspecificto R, andshouldthereforework with
S; sincethey usesimplefile transfer they couldalsoeasilybe adaptedo work with otherGIS with command
line interfacesatthe Unix shelllevel. Extensiorto graphicaluserinterfacess notamajorpriority, becauseisers
of bothGRASSandR canbeassumedo bewilling to usecommandine interfaces.Further accesgo open
sourceplatformsfor thesesoftwaresystemss only impededby organisationainwilling to allow their staf or
studentgo install GNU/Linux or otherUnix-basedalternatves. R doesrun on Windows platforms,andGRASS
may be compiled,but the obviousroutefor analystawith work to dois to useOpenSourceplatforms,
guaranteeingiccesdo asmuchor little sourcecodeasis neededo tacklethe problemat hand.
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