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1 Introduction

With thereleaseof the open-sourc&1S GRASS5.0in early1999,0pportunitiesaarepresentedor integration
with the open-sourc® statisticaldataanalysigorogrammingenvironment(lhakaandGentleman1996,code
obtainedfrom [1]). In theexamplespresentedR is runinteractively within the GRASS5.0ervironment,
transferingdataby writing andreadingtemporarytext files; the operatingsystemhereis Linux. Thenote
describesheimplementationn R of functionsneededo move databetweerlGRASSandR, providing theuser
with a basicinterfacebetweerthetwo ervironments.

Developmenbf theleadingOpenSourceGIS — GRASS— hasbeenmovedto Baylor Universityin Texas,
wherework on a new releasancorporatingfloating-pointrastercell valuesandNULL valuesdifferentfrom zero
is now in betatesting(ByarsandClamons 1998,Linux binaryobtainedfrom [3]). In parallelwith this,theR
statisticalanddataanalysidanguagealsoOpenSourcejs maturingvery rapidly, andcannow executemostS and
S-PLUScodein anunmodifiedform. In thepast,whenS wasavailableon academidicenseintegrationbetween
GRASSandS existedin aloose-coupledorm for integerrastercell valuessampledat pointsgivenin asitelayer.

Theissuesnvolvedin linking two complex andfast-changingrogrammingervironmentsareencapsulatedh a
comprehensieway in the R functionsincludedin the codeaccompaping this note. While the progresseported
in this paperis basedn OpenSourceUnix-lik e operatingsystemsit is worth notingthatboth GRASSandR
have beencompiledfor MS Windows systemsProgrammingechniquedor R arecoveredin Venablesand
Ripley (1997),andin materialsavailableatthe R archive [2].

In work to date theinterfaceusedis thatof the statisticalanalysissystem run from within the GIS ervironment.
Givenmajordesigndifferencesn memorymanagement— GRASSuseshe underlyingfile systemwhile R
mapsall active objectsinto a staticareaof memoryallocatedwhenthe programis startedmanagedy a garbage
collector— andotherproblemsjt hasbeennecessaryo decideon a representatiosuitingthe dataanalysisand
visualizationtasksbeingperformed.This meansherethatthe statisticalprogrammingervironmentis run from
within GRASS, permittingGRASScommandine instructionsjncludingthoserequiringinteraction to beissued
from within R usingthe system(¥unction.

RunningunderUnix-family operatingsystemsGRASSonly customizeghe users programexecution
ervironment,addingspecificdefinitionsneededor GRASSprogramdgo be ableto find thefiles andmetadata
requiredfor their work. GRASSdoesnotthenrepresena majormemoryoverheadandR canbelaunchedwith
plentyof spacefor its computationsThe examplesreportedbelow did not needmorethan12Mb heapmemory
for analysisof adatasetwith 57600rastercells,andwith thejudiciousdeletionof dataobjectsfrom theheap,
lesswould have surficed.



2 Interfacefunctions

Generalssuednvolvedin interfacingstatisticalandGIS softwarearediscussedby Anselinetal. (1993)and
AnselinandBao(1997).BaoandAnselin (forthcoming)presentwork on aninterfacebetweerS-PLUSanda
commerciaderivative of GRASS,usinga moredeeplyembeddedechniquehanthatcoveredin this note. The
motivationfor writing aninterfacein theinterpretedanguageof oneof thelinked softwaresystemsaspresented
below is to make a simpleinterfaceavailableto any analystwilling andableto downloadtwo opensource
programsandinstall them,at presentundera Unix-lik e operatingsystem(seealsoBivand,1996).

Two interfacefunctionsareincludedin theaccompaying code,get. GRASS(Yo readoneor more GRASSdata
basefiles (maplayers)into R, with anoptionto retainthe category labelsof the values andput. GRASS(}o
exportsingleR numericalvectorsto GRASS.In bothcasestheenhancement® GRASS5.0 have beenused,
takingaccountof floating point numericalvaluesandNULL (not available)valuesdifferentfrom zero.In
previousrelease®f GRASS,valuesof zeromight be numericalzeroor NULL, andonly integervalueswere
used,nhibiting or complicatinganalysis.Thefunctionsarewritten usingthe R languagesupplementedith a
smallutility function,list. GRASS() to list existing GRASSrasterdatabasefiles.

At presentR canonly readfrom namedfiles or soclets,while GRASScanonly write to namedfiles or pipes.
While it would have beenpossibleto useanadditionalinterpretedanguagefor instancePerl,asglue, it was
decidedo write ASCII datato, andreadASCII datafrom, temporaryfiles, despitethe consequencdsr
performancef this choice.NumericalGRASSmaplayersarereaddirectly into anR data.frameobject,
prependingdGRASSgrid coordinatessvariables‘east” and“north” beforevariablesnamedrom therequested
GRASSdatabasefile names Sincethe GRASSr.mapcalccommandandR imposesimilar conventionson map
layerandvariablenamesarithmeticallyambiguousiamedik e “a-b” shouldnot occuron eitherside,andno
sanitycheckis made;layerandvariablenamesareassumedo belongto the subsebf namesvalid in both
ervironments Whencateory labelsareimportedandR factorscreated substantiallymoreinternalprocessings
involved,bothin termsof copiesof datain memoryandtime.

Theget. GRASS(functioncreatesanobjectof class‘grass”,usingthe R methoddespatchobjectnaming
corvention.Objectsof this classarelists with two elements!‘data” and“meta”. The“data” list elements the
data.framenbjectdescribedhbove. If category labelshave beenimported,thenthedata.framewill containfactor
columnsfor eachmaplayerthatpossessedategory labels. The“meta” list elementcontainsa wide rangeof
metadatacomponentssomeof which arereportedoy summarygrass()usingthe methoddespatchmechanism.
Methoddespatchs employedto permitgenericfunctions,suchassummary(Jor plot(), to call class-specific
functionsby concatenatingheir own namesawith the classof the objectgivenastheir first algument.

Themetadatarealsousedby plot.grass()which providesa simpleinterfacebetweeri‘grass” dataobjectsand
theimage()function,to give the dimensionf the plotting window, andto reversetherow orderof theimage
matrix. GRASS,asmary GIS andimagedisplaysystemslooksattheworld from top left down, while R assumes
thatdatabegin from bottomleft. Factorvariablespriginally GRASSmaplayerswith cateyory labels,maybe
plottedby takingtheirintegercode()valuesandpassinghroughanappropriateangefor thesevaluesin the
image()functionzlim argument.

3 Examples

Two brief exampleswill be presentedo illustratethe usesof theinterface.Thefirst is takenfrom the North-West
Leicestershir&SRASSdatasetmadeavailablewith the “"GRASS-seedstutorial by the Assistproject[1]. This
coversa 12kmby 12kmsectionof centralEnglandwith 50mby 50mrastercell sizes.Two maplayershave been
importedinto R, “topo”, the elevationin metersinterpolatedrom digitisedcontoursand“landcov”, acateory
labelledland cover classificatiorfrom LandsafTM data.ExerciseB.1 in the“GRASS-seedstutorial involvesthe
useof ther.averageandr.reportcommandgo calculateaverageheightby land cover category. Herewe notonly
usethe R summary(¥unctionby category: tapply(topoJandco/, summary)o adda Tukey five numbersummary
to themeanasshowvn in Tablel, but alsodisplayin Figurel boxplotsof elevationby land cover categyory:
boxplot(topo” landcor). Suchexploratoryandgraphicalstatisticalfunctionsgive a muchclearerimpressiorof
theunderlyingdistributionsthantheir means.

Thesecondexampleis from ageomorphometriclassificatiorof thetopographyof Kosovo, basedon GTOPO30
elevationdata(30 secondyrid datafrom [4], andprojectedto UTM zone34), describedn moredetail by Bivand



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

Tablel: Summarystatisticsof elevationin metersby land cover categoriesfor North-WestLeicestershire.
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Figurel: Boxplotsof elevationby land cover categoriesfor North-WestLeicestershire.
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Figure2: Graphicaldataanalysisof elevationin Kosovo, usinga variety of R functions;for comparisorwith Luo
(1998),skewness:1.583 kurtosis:2.219.



(1999). This datasetis interestingbecausét is importedinto R from floating point GRASSdatabasefiles, which
alsouseNULL valuesto representell locationsbeyondthe bordersof the province;thedatasethas163rows
and164columns,with acell sizeof 1000min eachdirection. Beforeundertakinghe classificationthe elevation
datawereexploredasshown in Figure2, usinga histogramfunction (truehist(),VenablesandRipley, 1997)
permittingcontrol of bin widthsandthe startingpoint of the display anda densitytracewith default bandwidth
(Jacoby1997).A hypsometrianalysisvasperformedandis alsoshovn in Figure2; unlike Luo (1998),usewas
madeof Pike andWilson’s (1971)resultthatthe hypsometridntegral andthe elevation-reliefratio arethe same.
Finally, essentialljthe samediagramwasmadeby plotting the empiricalcumulative densityfunctionof the
elevationdata(Jacoby1997).
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Figure3: Left: elevationin Kosovo; right: geomorphometriclassificationinto five surfacetopographyclasses;
scalein grid meterg(bothfiguresweremadeusingplot.grass(supplementetdy extracommanddo constructand
placethelegends).

Class| Min. 1stQu. Median Mean 3rdQu. Max.
290.3 5721 655.6 690.9 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
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Table2: Summarystatisticsof elevationin metersby geomorphometriclassedor Kosovo.

As Joneq1998)hasshowvn, the Zevenbegenand Thorne(1987)methodfor computingslopesfrom gridded
elevationdataperformsbetterthanmary alternatves(seealsoBurroughandMcDonnell,1998).Usingthis
method slopegradientandplanandprofile curvaturewereaddedo elevation,local reliefin a3 x 3 window, and
thelocal elevation-reliefratio, againin a3 x 3 window, asa basisfor classificationJogarithmsbeingtaken of
threeof thevariables. Figure3 showns thetopographyof Kosovo, andtheresultsof a classificatiorof 10948cells
into 5 classeausingthe clara()functionfrom the clusterpackagewhile Table2 displaysthe distributionsof
elevationby class.

4 Conclusion

The codeaccompaying this noteis afirst stepin makingGRASSdatabasefiles availablefor analysisn R, and
couldbeextendedby readingdatainto R directly in binaryform, andby includingfile typesotherthanraster In
particular theuseof R functionsfor interpolationfrom irregularly spacedointsto regulargrids,or for point
patternanalysisor otherspatialstatisticatechniquesn connectiorwith GRASSwould bewelcome.The
functionspresentedio not uselanguageconstructspecificto R, andshouldthereforework with S; sincethey use
simplefile transferthey couldalsoeasilybe adaptedo work with otherrasterGIS with commandine interfaces



atthe Unix shelllevel. Finally, it would beinterestingto seewhetherthe sameapproacttanbeusedto link R and
GRASSunderMS Windows operatingsystemsR runswell underWindows, while GRASShasbeenmade
availablefor the sameplatform,althoughbotharedevelopedunderUnix-lik e operatingsystems.
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Appendix:
R function code

R.GRASS.R
utility functions for moving raster data between GRASS 5.0 and R
Copyright (C) 1999 Roger Bivand

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation; either version 2 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details (Free Software
Foundation, Inc., 675 Mass Ave, Cambridge, MA 02139, USA.)
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get.GRASS moves one or more GRASS 5.0 raster files to an R data object
of class "grass", returning the filled object. Setting catlabels to
TRUE imports category labels instead of codes, and requires more memory.

H O H H OH H

get.GRASS <- function(rlist = "", catlabels=FALSE) {
if (! is.character(rlist))

stop("character vector of GRASS data base file names required")
G.list <- list.GRASS(type="rast")

res <- rlist %in), G.list

if (! all(res)) {

warning("The following GRASS data base files were not found:")
print(rlist[res == FALSE])

stop("transfer terminated")

}

FILE <- tempfile("GRtoR")

on.exit (unlink(FILE))

rstats <- "r.stats -1g input="

if (catlabels) rstats <- "r.stats -1gl fs=\":\" input="
for (i in 1:(length(rlist)))

rstats <- paste(rstats, rlist[i], ",", sep="")
rstats <- paste(rstats, " output=", FILE, sep="")
system(rstats)

G <- vector(mode="1list")

if (catlabels) {

data0 <- read.table(FILE, sep=":", na.strings="#")
varlist <- c("east", "north", rlist)

dOncol <- ncol(data0)

passthru <- 1:d0Oncol

for (i in 1:(dOncol)) if (all(is.na(dataO[,i])))
passthruli] <- -1

for (i in 2:(dOncol)) if (is.factor(dataO[,il]))
passthruli-1] <- -1

G$data <- dataO[,passthru > Q]

if (ncol(G$data) != length(varlist)) {
warning("mismatch in column names")

}

else {names(G$data) <- varlist}

}

else {

G$data <- read.table(FILE, na.strings="#")

names (G$data) <- c("east", '"north'", rlist)

}



G$meta$LOCATION <- system("g.gisenv LOCATION_NAME", intern=TRUE)
G$meta$MAPSET <- system("g.gisenv MAPSET", intern=TRUE)
G$meta$rstats <- rstats

G$meta$who <- system("whoami", intern=TRUE)

G$meta$when <- system("date", intern=TRUE)

G$meta$obsno <- 1:nrow(G$data)

Gfmeta$reverse <- order(G$data$north, G$data$east)

G$meta$Ncol <- length(unique(G$data$east))

G$meta$Nrow <- length(unique(G$data$north))

G$meta$we.range <- range(G$data$east)

G$meta$sn.range <- range(G$data$north)

G$meta$xr <- (GPmeta$we.range[2] - GPmeta$we.range[1])

G$meta$yr <- (GSmeta$sn.range[2] - GPmeta$sn.range[1])
G$meta$maxr <- max(G$meta$xr, GPmeta$yr)

G$meta$xstep <- (G$meta$xr)/(GPmeta$Ncol - 1)

G$meta$ystep <- (G$meta$yr)/(G$meta$Nrow - 1)

G$meta$xlim <- c(G$meta$we.range[1] - (G$meta$xstep/2),
(G$meta$we.range[1] + GPmeta$maxr) + (GPmeta$xstep/2))
G$meta$ylim <- c(GPmeta$sn.range[1] - (G$meta$ystep/2),
(G$meta$sn.range[1] + GPmeta$maxr) + (GPmeta$ystep/2))
G$meta$xseq <- seq(from=G$meta$we.range[1], to=G$meta$we.rangel[2],
by=G$meta$xstep)

G$meta$yseq <- seq(from=G$meta$sn.range[1], to=G$meta$sn.range[2],
by=G$meta$ystep)

class(G) <- "grass"

invisible (G)

}

#
# put.GRASS moves a single numeric vector to GRASS, using the metadata
# prepared when layers were got from the GRASS data base.

#
put.GRASS <- function(G, lname="", layer, title="") {
if (class(G) != "grass") stop("Data not a grass object")

if (length(lname) != 1)

stop("Single new GRASS data base file name required")

G.list <- list.GRASS(type="rast")

res <- lname %in% G.list

if (any(res))

stop(paste(lname, ": GRASS raster file already exists", sep=""))
if (length(layer) != G$meta$Ncol * G$meta$Nrow)

stop("GRASS object metadata do not match layer length")

FILE <- tempfile("RtoGR")

on.exit(unlink(FILE))

outstr <- paste("north: ", G$meta$sn.range[2] + (GPmeta$ystep/2),
"\nsouth: ", G$meta$sn.range[1] - (GImeta$ystep/2),

"\neast: ", G$meta$we.range[2] + (GImeta$xstep/2),

"\nwest: ", G$meta$we.range[1] - (GImeta$xstep/2),

"\nrows: ", GPmeta$Nrow, "\ncols: ", G$meta$Ncol, "\n",
sep="“)

cat (outstr)

cat (outstr, file=FILE)

write(t (matrix(layer, nrow=G$meta$Nrow, ncol=G$meta$Ncol, byrow=T)),
file=FILE, append=T, ncolumns=G$meta$Ncol)

system(paste("r.in.ascii input=", FILE, " nv=NA output=", lname,

" title=\"", title, ||\||||, sep="“))

}

#

# summary.grass displays the metadata prepared when map layers are moved to R
# using get.GRASS.

#

summary.grass <- function(G) {



if (class(G) != "grass") stop("Data not a grass object")

cat("Data from GRASS 5.0 LOCATION ", G$meta$LOCATION,

", imported using r.stats:\n", G$meta$rstats, "\nby ", G$meta$who,

", on ", GPmeta$when, ".\nThe data table has the following layers:\n",
sep="“)

cat (names (G$data), "\n", sep=" ")

cat("in ", G$meta$Ncol,

" columns and ", G$meta$Nrow, " rows. The west-east range is:\n",
G$meta$we.range[1], ", ", GPmeta$we.range[2], "\nand the south-north:\n",
G$meta$sn.range[1], ", ", GPmeta$sn.range[2],

"\nWest-east cell sizes are in ", G$meta$xstep,

" measurement units\nSouth-north in ", G$meta$ystep,

" measurement units.", sep="")

cat ("\nFor plotting, xlim: ", G$meta$xlim, ", ylim: ",

G$meta$ylim, "\n\n", sep=" ")

}

#
# plot.grass provides a simple interface between grass data

# objects and the image() function; category layers may be plotted

# by taking codes() of the layer, and setting zlim to non-default values.
#

plot.grass <- function(G, layer, ...) {

if (class(G) != "grass") stop("Data not a grass object")

if (length(layer) != G$meta$Ncol * G$meta$Nrow)

stop("GRASS object metadata do not match layer length")

oldpty <- par("pty")

on.exit (par(pty=oldpty))

par (pty="s")

image (x=G$meta$xseq, y=GPmeta$yseq,

z=t (matrix(layer [G$meta$reverse], nrow=G$meta$Nrow,

ncol=G$meta$Ncol, byrow=T)),

x1im=G$meta$xlim, ylim=G$meta$ylim, xlab="", ylab="",

o)

}

#

# 1list.GRASS lists available GRASS data base files of the user-
# specified data type (at present only "rast"), returning a
# character vector.

#

list.GRASS <- function(type = "rast") {

res <- system(paste("g.list -f ", type, sep=""), intern=TRUE)
1.2 <- length(res)-2

resl <- strsplit(res[3:1.2], " ")

G.list <- character(length(resl1))

for(i in 1:length(res1)) G.list[i] <- res1[[i]][1]
invisible(G.1list)

}



