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Abstract

Many researcherswish to exploreandanalysespatialdata,but typical softwaredoesnot readilypermitsuch
integration.Thisnotepresentsa simpleinterfacebetweentwo opensourcesoftwaresystems,theGRASS
geographicalinformationsystem,andtheR statisticaldataanalysislanguage.Theplatformusedhereis
GNU/Linux, becausebothsystemscompileandinstall cleanly;R runscleanlyin Windows environmentsas
well. Theinterfaceallows floatingpointandcategorydatato bepassedbothwaysfor rastermaplayersandsites
files;NULL GRASSrastercellsinterchangewith R NA (notavailable)values.Becausebothsystemsare
developingrapidlyandGRASSdatabaseinternalschangingoften,theinterfaceusesASCII transfervia
temporaryfilesgeneratedby standardprograms.Theinterfaceoperatesby runningR from within theGRASS
environment,andissuescommandsto GRASSprogramsthroughtheR system()function.Theaccompanying
codeis constructedasanR package,andcontainswrapperfunctionsfor R plotting,andfor R analytical
functionsreturninggriddedoutput,suchastrendsurfaceandkriging prediction,kerneldensityestimationof
pointpatterns,andbicubicsplineinterpolation.Thesetypical spatialanalyticaltechniques,alsooftenavailable
in someform in GIS,areamplybuttressedin R by a largerangeof otherstatisticalandgraphicalfunctions,
giving substantialinsightinto thedataor resultsbeinghandled.Theinterfacewill beextendedto vectordata,
andwill becoordinatedwith otherdatabaseintegrationpackagesin R andGRASS.
Key words:Geographicalinformationsystems,Opensourcesoftware,Interfacepackage.

1 Introduction
With thereleaseof theopen-sourceGISGRASS5.0 in early1999,opportunitiesarepresentedfor integration
with theopen-sourceR statisticaldataanalysisprogrammingenvironment(IhakaandGentleman,1996,code
obtainedfrom [2]). In theexamplespresented,R is run interactively within theGRASS5.0environment,
transferingdataby writing andreadingtemporarytext files; theoperatingsystemhereis GNU/Linux. Thenote
describestheimplementationin R of functionsneededto move databetweenGRASSandR, providing theuser
with abasicinterfacebetweenthetwo environments.

Developmentof theleadingOpenSourceGIS— GRASS— hasbeenmovedto BaylorUniversityin Texas,
wherework ona new releaseincorporatingfloating-pointrastercell valuesandNULL valuesdifferentfrom zero
is now in betatesting(ByarsandClamons,1998,sourcesobtainedfrom [3]). In parallelwith this, theR
statisticalanddataanalysislanguage,alsoOpenSource,is maturingvery rapidly, andcannow executemostS
andS-PLUScodein anunmodifiedform. In thepast,whenSwasavailableonacademiclicense,integration
betweenGRASSandSexistedin a loose-coupledform for integerrastercell valuessampledat pointsgivenin a
sitelayer.

Theissuesinvolvedin linking two complex andfast-changingprogrammingenvironmentsareencapsulated
in a comprehensive way in theR functionsincludedin thecodeaccompanying this note.While theprogress
reportedin thispaperis basedon OpenSourceUnix-like operatingsystems,it is worthnotingthatbothGRASS
andR have beencompiledfor MS Windows systems.Programmingtechniquesfor R arecoveredin Venables
andRipley (1997),andin materialsavailableat theR archive [2].

�
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In work to date,theinterfaceusedis thatof thestatisticalanalysissystem,run from within theGIS
environment.Givenmajordesigndifferencesin memorymanagement— GRASSusestheunderlyingfile
system,while R mapsall active objectsinto a staticareaof memoryallocatedwhentheprogramis started,
managedby a garbagecollector— andotherproblems,it hasbeennecessaryto decideon arepresentation
suitingthedataanalysisandvisualizationtasksbeingperformed.Thismeansherethatthestatistical
programmingenvironmentis run from within GRASS,permittingGRASScommandline instructions,including
thoserequiringinteraction,to beissuedfrom within R usingthe �������	��

��� function,asshown in thefollowing
executionlog snippet.Herethesystempromptis � , theGRASSprompt ���	���������������! , andtheR prompt  .
Here,theGRASS"$#&%�'���� commandlisting availablesitedatabasefiles in thecurrentlocationis accessedfrom
within R, next, thesamefunctionalityis achievedwith theinterfacefunction %	'����(#)���	�����*��� returninganR
characterobjectwith sitesfile names,andfinally theGRASSGUI ��+�%���,�"�-�.���� is startedfrom within R, giving
point-and-clickaccessto muchGRASSfunctionality, includingdisplay:

/10�2�3�4�46587:96;�<>=�3�57�7�7@?BA�C�D�E6A6<FD6GIH>J�K�L�LFM�D�A63>=�E�D�N	O
P <�M�A>DBQ�<R=�D1H>J�K�L�LS587:96;�<>=�3�5T?VU�<�A6<WQ�;�<>2YX�Z�Z�Z�O
H�<�D60�2�36[�C	E6A1J�<�4>D�\�2�A6<�4RK>N�3�M6]�4�E64RL6\�[�[�D62�=FL>]�4�=�<WQ^?_H>J�K�L�L�OSE641`�D�[�]�2�EW0>C�=8aX�Z�Z�ZI;�]I=>C�<RH>J�K�L�LIU�<>b�<�M�D�[�Q�<6N�=Fc�<�3WQ*ad36N�eFM�E6A6<6N�46<>eR\�N�e�<>2S=�<>2�Q�4ID6G=>C�<IH>N�\gf>\�;�M�E6A1h�E6A6<6N�46<i?_H�f�h�O�7
c>C	E64jN�<6kg2�<�M><�3�46<FD6GRH>J�K�L�LlE64IA>D�D62�e�EBN�3>=�<>el36N�eI[�2�D6e>\�A6<>eg;�]R=>C�<IH>J�K�L�LU�<>b�<�M�D�[�Q�<6N�=Fc�<�3WQnm�<�3>e�o>\�3>2�=�<>2�<>en3>=gp�3>]�M�D62Rq�N	EWb�<>2�4�EW=�]Sk	EW=>Cge�<>b�<�M�D�[�Q�<6N�=4�EW=�<�4RM�D�A63>=�<>eS3>=g=>C�<1q�N	EWb�<>2�4�EW=�]nD6GRm�36N�N�D6b�<>2F36N�eIq�N	EWb�<>2�4�EW=�]lD6Glr�M�M�EBN�D�E64s77�7�7
P C�<6NS2�<�3>e�]R=�D1o>\	EW=F<6N�=�<>2ut <>v�EW=H>J�K�L�L8t)w�x�k�enyjJ
J^tz`�D�[�]�2�EW0>C�=F{�9�9�9|adc>C�<1JRU�<>b�<�M�D�[�Q�<6N�=n`�D62�<Ic�<�3WQ
} <>2�4�E�D�NF987:Z�Z87:9~?V��<6;�2>\�3>2�]F�|a�{�9�9�9�O
J�E64jG�2�<�<S4>D6G�=>k�3>2�<F36N�eFA>DBQ�<�4@k	EW=>CFK�p�L��6h>q�c���h>�F��� P K>J�J�K���c>��7��D�\S3>2�<1k�<�M�A>DBQ�<S=�D12�<>e�E64�=�2�EB;�\�=�<�EW=R\�N�e�<>2nA6<>2�=�3�EBNlA>D�N�e�EW=�E�D�N�4s7c�]>[�<�����M�E6A6<6N�46<��ID62�����M�E6A6<6N�A6<��@G�D62ge�E64�=�2�EB;�\�=�E�D�NFe�<>=�3�E�M�4s77�7�7c�]>[�<��Bo�?�O���=�D1o>\	EW=gJ�7
yg4�]�4�=�<WQu?��B0u7�M�E64�=Y4�EW=�<�4��>O
�������������������������������������������������������������������������������������������4�EW=�<SM�E64�=RG�E�M><�4R3>b�3�E�M>36;�M><�EBN@Q�36[�46<>=S2�4�;�t<>vu7�[�A�;�4s7)EBN <>vu7�[�A�;�4>M�D60u7)EBN�[�A�;�4�X [�A�;�4>M�D60u7)EBN�[�A�;�4>M�D60�{�=�<�4�=�v�v<>vu7�[�A�;�4�A63>=u7)EBN�[�A�;�4s7)EBN [�A�;�4>M�D60�[�A�;�4>M�D60�X 4s7�=�<�4�= =�2�X
�������������������������������������������������������������������������������������������yj[�2�EBN�=�?&M�E64�=u7�H>J�K�L�L�?���4�EW=�<�4���O�O�)XW�Y�W<>vu7�[�A�;�4s7)EBN�� �W<>vu7�[�A�;�4>M�D60u7)EBN��l�&[�A�;�4�X�� �&[�A�;�4>M�D60u7)EBN���:5>�Y�&[�A�;�4>M�D60�{�� �B=�<�4�=	� �Bv�v	� �W<>vu7�[�A�;�4�A63>=u7)EBN���:Z>�Y�&[�A�;�4s7)EBN�� �&[�A�;�4>M�D60	� �&[�A�;�4>M�D60�X�� ��4s7�=�<�4�=	��)X��>�Y�B=�2�X��yg4�]�4�=�<WQu?��B=�A>M6=>��0�2�3�4�4��	�>Oyy1o�?�OL�3>b�<Ik�D62>��4�[�3�A6<lE_Q�3>0�<��!��]�x�N�x�A��ut�NH>J�K�L�L8t)w�x�k�enyI<>v�EW=

H�D�D6e>;�]�<gG�2�DBQnH>J�K�L�LgH�r�L
/

RunningunderUnix-family operatingsystems,GRASSonly customizestheuser’s programexecution
environment,addingspecificdefinitionsneededfor GRASSprogramsto beableto find thefilesandmetadata
requiredfor theirwork. GRASSdoesnot thenrepresenta majormemoryoverhead,andR canbelaunchedwith
plentyof spacefor its computations.Theexamplefrom North-WestLeicestershirereportedbelow did notneed
morethan12Mbheapmemoryfor analysisof a datasetwith 57600rastercells,and8Mb heapmemorywas
enoughfor theotherexamples.
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2 Interface functions
Generalissuesinvolvedin interfacingstatisticalandGISsoftwarearediscussedby Anselinetal. (1993)and
AnselinandBao(1997).Themotivationfor writing aninterfacein theinterpretedlanguageof oneof thelinked
softwaresystemsaspresentedbelow is to make a simpleinterfaceavailableto any analystwilling andableto
downloadtwo opensourceprogramsandinstall them,at presentundera Unix-like operatingsystem(seealso
Bivand,1996).TheresourcesusedherewereRedHatLinux 6.1(2.2.12-20kernel,C compiler:egcs-2.91.66,
Fortrancompiler:GNU Fortran0.5.24-19981002),GRASS5.0beta5, andR-0.99.0.

Theaccompanying codehasbeenwritten asanR package,containingR code,full manualpageswith
examples,anda testdataset,describedasthethird examplebelow. ThepackagemaybeinstalledunderR by
executing �Y���������������!���	����� aswith otherpackages.Thefunctionsusea numberof packagesover and
above thosefoundin thestandardR distribution to run theexamples,but all arereadilyavailablefrom [2]. The
manualpagefor thedatasetgivesdetailsof theparametersneededto initialize theGRASSlocationfor the
Pontypoolexample,andonceGRASShasbeenstartedusingthis location,theinstallationof thepackagecanbe
checkedby executing ���	�������I ��� �¡�¢^+�£��	+�,!���	�	��� . Ona 90MHzPentium,theexhausive testof package
functionalitytakesseveralminutes,generatingsubstantialgraphicaloutput.

Two rasterinterfacefunctionsareincludedin theaccompanying code,-�.����$#_"	���(��� to readoneor more
GRASSdatabasefiles (rastermaplayers)into R, with anoptionto retainthecategory labelsof thevalues,and
-	.	���$#V¤�¥	�(��� to export singleR numericalvectorsto GRASS.In bothcases,theenhancementsto GRASS5.0
have beenused,takingaccountof floatingpointnumericalvaluesandNULL (notavailable)valuesdifferent
from zero.In previousreleasesof GRASS,valuesof zeromightbenumericalzeroor NULL, andonly integer
valueswereused,inhibiting or complicatinganalysis.Thefunctionsarewritten usingtheR language,
supplementedwith a smallutility function, %	'����$#)���������*��� , to list existing GRASSdatabasefiles. Underlying
supportis providedby the "�
s���	.*��� function,which retrieveslocationandregionmetadatausingtheGRASS
"(#_"�'�����¦	§ and "$#_-	��"�'�¨�¦ commands,andconstructsa selectionof auxilliary dataobjectsfor usein other
functions.

Thegmeta()functioncreatesanobjectof class“grassmeta”,usingtheR methoddespatchobjectnaming
convention.Objectsof thisclassarelistswith awiderangeof metadatacomponents,someof whicharereported
by summary.grassmeta(),usingthemethoddespatchmechanism.Methoddespatchis employedto permit
genericfunctions,suchassummary()or plot(), to call class-specificfunctionsby concatenatingtheir own names
with theclassof theobjectgivenastheir first argument.

Two interfacefunctionsarealsoprovidedfor sitesdatabasefiles, ��'��	�	�*#_"	������� and ��'��	���*#�¤�¥	�(��� , which
aresuitedto therevisedsitesdefinitionimplementedin GRASS5.0. While -	.	���$#V¤�¥	�(��� only checksthatthe
numberof dataitemsbeingmovedfrom R to aGRASSrastermaplayeragreeswith thenumberof cellsin the
currentregion, ��'��	�	�*#V¤�¥	����� issuesa warningif someof thesitesareoutsidetheregion,andexits without
transferringdataif all thepointsarebeyondtheregiondefinedin the“grassmeta”dataobject.

At present,R canonly readfrom namedfilesor sockets,while GRASScanonly write to namedfilesor
pipes.While it would have beenpossibleto useanadditionalinterpretedlanguage,for instancePerl,asglue,it
wasdecidedto write ASCII datato, andreadASCII datafrom, temporaryfiles,despitetheconsequencesfor
performanceof this choice.A furtheroptionwill beto dynamicallyloadunderlyingGRASSdatabaseaccess
functionlibrariesinto R, but thishasbeenavoidedfor thepresentuntil GRASS5.0stabilizesfurther. ASCII data
filesareeasierto debug thanbinaryintegration,althoughattentionneedsto bepaidto lossof significantdigits in
floatingpoint transfers.

GRASSmaplayersandsitesdatabasefilesarereaddirectly into R dataframeobjects.SincetheGRASS
-(#�
|.�¤�+�.�%	+ commandandR imposesimilar conventionsonmaplayerandvariablenames,arithmetically
ambiguousnameslike “a-b” shouldnotoccuroneitherside,andnosanitycheckis made;layerandvariable
namesareassumedto belongto thesubsetof namesvalid in bothenvironments.Whencategory labelsare
importedandR factorscreated,substantiallymoreinternalprocessingis involved,bothin termsof copiesof
datain memoryandtime. R factorsaredataobjectswith integercodesandlevelslabels,andarerecognizedby a
rangeof R functions,suchas ©�¨�ª�¤�%�¨������ , illustratedbelow.

Themetadataarealsousedby ¤�%�¨��(#_"�-�.	���6
s����.«��� , which providesa simpleinterfacebetween“grassmeta”
dataobjectsandthe '�
|.�"	����� function,to give thedimensionsof theplottingwindow, andto reversetherow
orderof theimagematrix. GRASS,asmany GISandimagedisplaysystems,looksat theworld from top left
down, while R assumesthatdatabegin from bottomleft. Factorvariables,originally GRASSmaplayerswith
category labels,maybeplottedby takingtheir integer +�¨��	������� values,andpassingthroughanappropriate
rangefor thesevaluesin the '6
|.�"	����� functionzlim argument.

Thefollowing codecomprisesthe ¤�%�¨��$#_"�-	.	���6
s����.*��� function. It takesonerequiredargument,a
“grassmeta”dataobjectdefiningthecurrentregion,anda numberof optionalarguments.Thefirst is a numerical
vectorwith dataorderedasGRASSrastercellsfor plotting with '�
|.�"	����� , thenext two arelabelsfor theaxes
passedto ��¬���+�¤�%�¨��(��� , andthefinal ellipsispermitsfurtherunspecifiedoptionsto bepassedto '6
s.�"	����� . The
teston thefirst line is neededbecausethefunctioncanbecalleddirectly, avoidingmethoddespatchclass
checking.Thenext line requiresthattheMASSpackagebeloadedinto R, herebecauseit containstheuseful
��¬���+�¤�%�¨��(��� function,imposingdimensionalequalityon thescalesof theaxes.This functionis usedto plot a
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basemap,andif no “layer” argumentis given, ¤�%�¨��$#_"�-�.	���6
�����.*��� exits, leaving thecurrentplottingdevice
readyfor moregraphicsto beaddedby functionslike ¤�¨�'�¦	��� , %	'�¦��	� , or ¤�¨�%���"�¨�¦ . If a layerargumenthasbeen
given,andif its lengthis equalto thenumberof cellsin thecurrentregionasrecordedin the“grassmeta”data
object,the '�
|.�"	����� functionis calledandaddedto thecurrentplot, with argumentsof eastingcoordinatesof
rastercell midpoints,northingcoordinatesof rastercell midpoints,anda suitablyarrangedtableof valuesfrom
thelayerto bemapped.There-arrangementis madenecessaryby GRASShaving an“upperleft” origin by
default,asopposedto “lower left” in '6
|.�"������ .
[�M�D6=u7�0�2�3�4�4&Q�<>=�3n­ � G>\�N�A�=�E�D�Ns?_H8a®M>3>]�<>2�¯��>q�h�h8a°v�M>36;�¯	���	a°]�M>36;�¯	���	aS7�7�7)Oj±EWG²?BA>M>3�4�4	?_H�O�³�¯��B0�2�3�4�4&Q�<>=�3��>OS4�=�D�[s?��&U�3>=�3RN�D6=g310�2�3�4�4gD�;�´�<�A�=	�>O2�<>o>\	EW2�<�?Vµ�K�L�L�O<>o�4�A�[�M�D6=�?_H�/6v�M�E_Q*a®H�/6]�M�E_Q*a¶v�M>36;�¯�v�M>36;ua·]�M>36;�¯�]�M>36;ua°=�]>[�<>¯	�&N��	aS7�7�7)OEWG²?�³_E64s7�N�\�M�M�?&M>3>]�<>2�O�Og±EWG²?&M><6N�0�=>Cs?&M>3>]�<>2�O^³�¯IH�/6��A6<�M�M�4�O4�=�D�[s?��BH>J�K�L�LnD�;�´�<�A�=jQ�<>=�3>e�3>=�3Se�D@N�D6=@Q�3>=�A�ClM>3>]�<>2FM><6N�0�=>C��>OE_Q�3>0�<�?_v�¯�H�/6v�46<>o8a®]�¯�H�/6]�46<>o8a°¸�¯�=�?�Q�3>=�2�EWv�?&M>3>]�<>2u��H�/62�<>b�<>2�46<>�8aN�2�D�k�¯�H�/6��2�D�kuadN�A>D�M6¯�H�/6��A>D�Msa°;�]�2�D�k�¯�c�O�O�a°3>e�e�¯�c8aF7�7�7)O¹¹

Finally, wrapperfunctionsareprovidedin thepackagefor initializing dataobjectsfor pointpatternanalysis,
for interpolationfrom irregularpointsto rasters,andfor outputfrom two-dimensionalkerneldensityestimation,
trendsurfaceanalysis,andkriging, usingthemetadataretrievedby "�
s���	.*��� . They areextensively usedin the
workedexamplesprovidedin thepackage,andrequiretheprior installationof thePontypoolGRASSlocation,
andthefollowing R packages:modreg (standard);akima,andMASSandspatialin theVR collection(optional).

3 Examples
Threebrief exampleswill bepresentedto illustratetheusesof theinterface.Thefirst is takenfrom the
North-WestLeicestershireGRASSdatasetmadeavailablewith the“GRASS-seeds”tutorial by theAssist
project[1]. This coversa 12kmby 12kmsectionof centralEnglandwith 50mby 50mrastercell sizes.Two map
layershave beenimportedinto R, “topo”, theelevationin metersinterpolatedfrom digitisedcontours,and
“landcov”, a category labelledlandcover classificationfrom LandsatTM data.ExerciseB.1 in the
“GRASS-seeds”tutorial involvestheuseof ther.averageandr.reportcommandsto calculateaverageheightby
landcover category. Herewe notonly usetheR ��¥�
�
|.�-��(��� functionby category: ��.�¤�¤�%��(�)��¨�¤�¨*ºg%�.�¦	��+�¨�§(º
��¥�
�
|.�-��s� to adda Tukey five numbersummaryto themean,asshown in Table1, but alsodisplayin Figure1
boxplotsof elevationby landcover category: ©�¨�ª�¤�%�¨��(�)��¨�¤�¨»�Y%�.�¦	��+�¨�§s� . Suchexploratoryandgraphical
statisticalfunctionsgive a muchclearerimpressionof theunderlyingdistributionsthantheirmeans.

Table1: Summarystatisticsof elevationin metersby landcovercategoriesfor 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 47 65 99 99.27 131 221
Woodland 40 118 156 142.90 174 248

Thesecondexampleis from a geomorphometricclassificationof thetopographyof Kosovo, basedon
GTOPO30elevationdata(30 secondgrid datafrom [4], andprojectedto UTM zone34),describedin more
detailwith codeexamplesby Bivand(1999).This datasetis interestingbecauseit is importedinto R from
floatingpointGRASSdatabasefiles,whichalsouseNULL valuesto representcell locationsbeyondtheborders
of theprovince;thedatasethas163rows and164columns,with a cell sizeof 1000min eachdirection.Before
undertakingtheclassification,theelevationdatawereexploredasshown in Figure2, afterfirst having dropped
NULL rastercells,usingahistogramfunction( ��-�¥���£�'����(��� , VenablesandRipley, 1997)permittingcontrolof
bin widthsandthestartingpointof thedisplay, anda densitytracewith default bandwidth(Jacoby, 1997).A
hypsometricanalysiswasperformed,andis alsoshown in Figure2; unlike Luo (1998),usewasmadeof Pike
andWilson’s (1971)resultthatthehypsometricintegral andtheelevation-reliefratio arethesame.Finally,
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Figure1: Boxplotsof elevationby landcovercategoriesfor North-WestLeicestershire.

essentiallythesamediagramwasmadeby plotting theempiricalcumulative densityfunctionof theelevation
data(Jacoby, 1997).Thecodeusedto preparethediagramsin Figure2 is shown below:

y1Hg­ � 0�Q�<>=�3�?�Oy�Q	D62>[�CF­ � 2�3�4�=u7�0�<>=�?_H8a·2�M�E64�=�¯�A	?��B�>J��	aB�Bh>J��	aB�&[�M>36N��	aW�&[�2�D6G	�	a���4>M�D�[�<���aB�W<�M><>b	��O�Oy�Q	D62>[�C	X1­ � Q	D62>[�C���³_E64s7�N�3�?�Q	D62>[�C�/><�M><>b�O�aV�y�Q�<�36Ns?�Q	D62>[�C	X�/><�M><>b�O�)XW�g¼�X�½87�¾�9�5�Xy�Q�<>e�E�36Ns?�Q	D62>[�C	X�/><�M><>b�O�)XW�g½�¼�Z87�¾�5�{y1=�2>\�<6C	E64�=�?�Q	D62>[�C	X�/><�M><>b8ajA>D�M6¯	�B0�2�3>]	�	a°v�M>36;�¯	�W<�M><>b�3>=�E�D�N��	a®v�M�E_Q�¯�A	?)9|a�{�5�9�9�O�Oyj[�M�D6=�?_e�<6N�4�EW=�]�?�Q	D62>[�C	X�/><�M><>b	O�a�v�M�E_Q�¯�A	?)9|a�{�5�9�9�O�Oy12�<�M|7:<�M><>bF­ � ?�Q	D62>[�C	X�/><�M><>b � Q�EBNs?�Q	D62>[�C	X�/><�M><>b�O�O�x¿ ?�Q�3>v�?�Q	D62>[�C	X�/><�M><>b�O � Q�EBNs?�Q	D62>[�C	X�/><�M><>b�O�Oyj[�M�D6=�?�?B46<>o�?�X�t�M><6N�0�=>Cs?_2�<�M|7:<�M><>b�O�O�O�x�M><6N�0�=>Cs?)2�<�M|7�<�M><>b	O�a
¿ 2�<>b�?B4>D62�=�?_2�<�M|7:<�M><>b�O�O�a�=�]>[�<>¯	��M��>OyRM�EB;�2�3>2�]�?B4�=�<6[�G>\�N	Oyj[�M�D6=�?)<�A�e�G�?�Q	D62>[�C	X�/><�M><>b�O�aÀb�<>2�=�E6A63�M�4�¯>�ua°e�D|7�[�¯>�	O

As Jones(1998)hasshown, theZevenbergenandThorne(1987)methodfor computingslopesfrom gridded
elevationdataperformsbetterthanmany alternatives(seealsoBurroughandMcDonnell,1998).Usingthis
method,slopegradientandplanandprofile curvaturewereaddedto elevation,local relief in a 3 Á 3 window,
andthelocalelevation-reliefratio,againin a 3 Á 3 window, asa basisfor classification,logarithmsbeingtaken
of threeof thevariables.Figure3 shows thetopographyof Kosovo, andtheresultsof aclassificationof 10948
cellsinto 5 classesusingthe +�%�.�-�.*��� functionfrom theclusterpackage,while Table2 displaysthedistributions
of elevationby class.

Table2: Summarystatisticsof elevationin metersby geomorphometricclassesfor Kosovo.
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

5



0 500 1000 1500 2000 2500

0.
00

00
0.

00
05

0.
00

10
0.

00
15

0.
00

20

elevation

median

mean

0 500 1000 1500 2000 2500

0.
00

00
0.

00
05

0.
00

10
0.

00
15

0.
00

20

kernel density estimate

elevation

de
ns

ity

mean 816m

0.0 0.2 0.4 0.6 0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

hypsometric integral

relative area

re
la

tiv
e 

el
ev

at
io

n

35% area over mean

mean 816m

500 1000 1500 2000 2500

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

empirical CDF

elevation

F
n(

x)

mean 816m

35% area over mean

Figure2: Graphicaldataanalysisof elevationin Kosovo, usinga varietyof R functions;for comparisonwith Luo
(1998),skewness:1.583,kurtosis:2.219.

Thethird exampleis thedatasetdistributedwith theaccompanying code.It recordscontaminationof the
environmentwith polychlorinatedbiphenyls aroundthesiteof a largeplantfor theincinerationof chemical
wastesnearPontypool,SouthWales.Thedataframehas70rows and3 columns:UTM zone30eastingsand
northings,andstandardisedcumulatedscoresfor seventypesof PCB.Theoriginaldatawerepositionedin
relationto NationalGrid coordinates,andhave beenreprojectedto UTM zone30,usingtheWGS84ellipsoid
(Bailey andGatrell,1995,pages149-150).Thefollowing codeshows theinterpolationof surfacevaluesof
logarithmsof contaminantvaluesfor theGRASSrastergrid using '�¦	�	��-�¤Â#V¦����$#)� , a wrapperfunctionfor
'�¦	�	��-�¤$#V¦���� in the .�,s'6
s. package,which implementsAkima’snew codefor R (Akima, 1996);NAs are
insertedinto thegrid outsidetheconvex hull of thepoints.Next, theR dataframeis transferredto GRASSas
sitesfloatingpointdata,takinglogarithmsof PCBsvalues,andinterpolatedto thewholeGRASSgrid using
�«#B��¥	-�Ã(#_-���� , by regularizedsplineswith tension(Mitasova etal., 1995).It maybenotedthatthe ����������
Ä���
functionwould permittheanalystto loop over a sequenceof tensionandsmoothvalues,storingtheresultsin
separateoutputrasterfiles. Finally, theoutputof �*#B��¥	-�Ã$#_-���� is movedfrom GRASSto R, and ��¥�
�
|.�-��(���
takenof thedifferencesbetweenthetwo interpolations.Thegraphicoutputis shown in Figure4; someof the
codeneededfor icing is omittedin theextractbelow.

y1e�3>=�3�?V[�A�;�4�Oy1Hg­ � 0�Q�<>=�3�?�Oyg4�\�Q�Q�3>2�]�?_H�OU�3>=�3RG�2�DBQnH>J�K�L�LS587:9Ih��>`>K�c�r��6�R[�D�N�=�]>[�D�D�MRk	EW=>CF¼�¼gA>D�M�\�Q�N�4g36N�elX�9�¼I2�D�k�4s7c>C�<1k�<�4�= � <�3�4�=S2�36N�0�<�E64st�½�¼�9�9�9|ad��9�{�9�9|a°36N�eR=>C�<S4>D�\�=>C � N�D62�=>C�t·�>¾�5�9�9|ad����{�9�9|ÅP <�4�= � <�3�4�=lA6<�M�Mg4�EW¸�<�4R3>2�<R{�51\�N	EW=�4�a°36N�eF4>D�\�=>C � N�D62�=>C�{�5j\�N	EW=�4s7yI36��4�[�MR­ � EBN�=�<>2>[�7�N�<6k�7�H�?_H8a·[�A�;�4>/><�3�4�=8ad[�A�;�4>/�N�D62�=>Cua·M�D60�?V[�A�;�4>/�[�A�;�4�O�O
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Figure3: Left: elevation in Kosovo; right: geomorphometricclassificationinto five surfacetopographyclasses;
scalein grid meters(bothfiguresweremadeusingplot.grassmeta()supplementedby extracommandsto construct
andplacethelegends).

yg4�\�Q�Q�3>2�]�?)36��4�[�M�Oµ	EBN�7ÆX64�=SÇ�\�7 µ�<>e�E�36N µ�<�36N��>2�eSÇ�\�7 µ�3>vu7 ��K8È_4X�7:9�{�½ {87)X�9>¾ {87:��Z�9 {87:5�X�X {87:��X�Z ¼87:��Z�{g�>¾�5�½87:9�9�9yj[�M�D6=�?_H8ad36��4�[�Msa®A>D�M6¯�0�2�3>]�?){�{8t:¼�x>{>¾�O�Oy1=�EW=�M><�?��Bp�E6A�\�;	E6An4�[�M�EBN�<lEBN�=�<>2>[�D�M>3>=�E�D�N��>Oyg4�EW=�<�4s7�[�\�=�?_H8a·M�N�3WQ�<>¯	�W<>vu7�[�A�;�4>M�D60u7)EBN��	aj<�3�4�=�¯>[�A�;�4>/><�3�4�=8a
¿ N�D62�=>C�¯>[�A�;�4>/�N�D62�=>Cua®b�3>2�¯�M�D60�?V[�A�;�4>/�[�A�;�4�O�Oyg4�]�4�=�<WQu?V[�3�4�=�<�?���4s7V4�\�2�Gu7�2�4�=�EBN�[�\�=�¯�<>vu7�[�A�;�4>M�D60u7)EBNY<�M><>b�¯�<>vu7�2�4�=	�	a
¿ �B=�<6N�4�E�D�N�¯�X�½�9n4&Q	D�D6=>C�¯�987:9�46<>0�Q�3>v�¯���9�9��>O�OyI<>v�0�<>=S­ � 2�3�4�=u7�0�<>=�?_H8a·2�M�E64�=�¯�A	?��W<>vu7�2�4�=	�>O�Oyg4�\�Q�Q�3>2�]�?)<>v�0�<>=�/><>vu7�2�4�=�Oµ	EBN�7·X64�=FÇ�\�7Éµ�<>e�E�36N µ�<�36NS�>2�eFÇ�\�7 µ�3>vu7987:Z�{�XW¾�{87:9�5�{�9�{87:{�X���9�{87:�>¾�¾�9�{87�¾�5�9�9�¼87:��½>¾�9yj[�M�D6=�?_H8ad<>v�0�<>=�/><>vu7�2�4�=8aÀA>D�M6¯�0�2�3>]�?){�{8t:¼�x>{>¾�O�Oy1=�EW=�M><�?��&J�<>0>\�M>3>2�EW¸�<>eÊ4�[�M�EBN�<Ik	EW=>CF=�<6N�4�E�D�N��>Oyg4�\�Q�Q�3>2�]�?)36��4�[�M � <>v�0�<>=�/><>vu7�2�4�=�Oµ	EBN�7 X64�=FÇ�\�7 µ�<>e�E�36N µ�<�36N �>2�enÇ�\�7 µ�3>vu7 ��K8È_4
� X�7:����X�< ¿ 9�9 � X�7:9�5���< � 9�X�Z87:Z���X�< � 9��ËX�7:��X���< � 9�{ÌX�7:{�5�½�< � 9�XÍ{87:9�{���< ¿ 9�9��87�¾�5�½�< ¿ 9��

4 Conclusion
Thecodeaccompanying this noteis afirst stepin makingGRASSdatabasefilesavailablefor analysisin R, and
couldbeextendedby readingdatainto R directly in binaryform, andby includingfile typesotherthanraster
andsites,suchasvectordata,andwill becoordinatedwith otherdatabaseintegrationpackagesin R and
GRASS.Thefunctionspresenteddonot uselanguageconstructsspecificto R, andshouldthereforework with
S; sincethey usesimplefile transfer, they couldalsoeasilybeadaptedto work with otherGISwith command
line interfacesat theUnix shelllevel. Extensionto graphicaluserinterfacesis nota majorpriority, becauseusers
of bothGRASSandR canbeassumedto bewilling to usecommandline interfaces.Further, accessto open
sourceplatformsfor thesesoftwaresystemsis only impededby organisationsunwilling to allow their staff or
studentsto installGNU/Linux or otherUnix-basedalternatives.R doesrun onWindows platforms,andGRASS
maybecompiled,but theobviousroutefor analystswith work to do is to useOpenSourceplatforms,
guaranteeingaccessto asmuchor little sourcecodeasis neededto tackletheproblemat hand.
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Figure 4: Left: Bicubic spline interpolationwithin sampleconvex hull Î�Ï8ÐuÑ�ÒsÓÕÔ&Ï�Ñ�ÖØ×�Ù (Akima, 1996); right:
Regularizedsplineswith tensionfor full grid ÚÛÔ>Ú�Ü8Ò8ÝÞÔBÒ«Ú	Ð (Mitasovaet al., 1995).
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