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This chapter reviews the data mining methods that are combined with
Geographic Information Systems (GIS) for carrying out spatial analysis of
geographic data. We will first look at data mining functions as applied to
such data and then highlight their specificity compared with their application
to classical data. We will go on to describe the research that is.currently
going on in this area, pointing out that there are two approaches: the first
comesfromlearning on spatial databases, whilethe second isbased on spatial
statistics. Wewill conclude by discussing the' main differences between these
two approaches and the elements they-have in common.

INTRODUCTION

Thegrowing production of mapsisgenerating hugevolumesof datathat ex-
ceed peopl€ scapacity to analyzethem. It thus seemsappropriate to.apply knowl-
edgediscovery methodslikedatamining to spatia data. Thisrecenttechnology is
an extenson of the datamining applied to a phanumerica dataon spatia data. The
main differenceisthat spatial analysis must take into account spatial relationsbe-
tween objects.

Theapplicationscovered by spatial datamining aredecisional ones, suchas
geomarketing; environmental studies, risk analysis, and so on. For example, in
geomarketing, astore can establishitstrade area, i.e., the spatial extent of its
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customers, and then analyze the profil e of those customerson the basisof both
their propertiesand the propertiesrelated to the areawherethey live.

Inour project, spatial dataminingisappliedtotrafficrisk anadysis(Zeitouni,
1998). Therisk estimation isbased on the information on the previousinjury
accidents, combined to thematic datarel ating to the road network, popul ation,
buildings, and soon. Theproject amsat identifying regionswith ahighlevel of risk
and analyzing and explai ning those ri skswith respect to the geographic neighbor-
hood. Spatial datamining technology specificaly alowsfor those neighborhood
relaionships.

Nowadays, dataanalysisin geography isessentialy based ontraditiond stetis-
ticsand multidimensiond dataanalysisand does not take account of spatial data
(Sanders, 1989). Yet the main specificity of geographic dataisthat observations
located near to one another in spacetend to share similar (or correlated) attribute
vaues. Thiscongtitutesthefundamenta of adistinct scientific areacaled” spatial
gatistics’ which, unliketraditiond statistics, supposesinter-dependence of nearby
observations. An abundant bibliography existsinthisarea, including well-known
geostatistics, recent devel opmentsin Exploratory-Spatial DataAnaysis(ESDA)
by Anselin and Geographical AnalysisMachine(GAM) by Openshaw. For a
summary, refer to Part 1.c of (Longley, Goodchild, Maguire, and Rhind, 1999).
Multi-dimens ona analyti cal methods have been extended to support contiguity
(Lebart, 1984 & 1997). We maintain that spatia statisticsisapart of spatia data
mining, Sinceit provides data-driven analyses. Some of those methodsare now
implemented in operational Gl Sor anaysistools.

Inthefield of databases, two main teamshave contributed to devel oping data
mining for spatial dataanalysis. Thefirst one, DB Research Lab (Simon Fraser
University, Vancouver), developed GeoMiner, (L u, Han and Oai, 1993), whichis
an extension of DBMiner. The second one (Munich University) devised astruc-
ture-of-neighborhood-graph (Ester, Kriegel, Sander and Xu, 1997), on which
someagorithmsare based. They have a so worked on aclustering method based
onahierarchical partitioning (extenson of DBSCAN withaR* Tree), classifica
tion (extension of ID3 and DBL earn), association rules (based upon an efficient
gpatid join), characterization and spatid trends. STING (University of Cdifornia)
usesahierarchica gridto perform optimization ontheclustering ad gorithm (Wang,
Yang and Muntz, 1997). We might a so mention work on Datawarehouse dedi-
cated to spatial data (University of Laval) (Bedard, Lam, Proulx, Caron and
L etourneau, 1997).

Thischapter will describe datamining methodsfor Geographic Information
Systemsand highlight their valueinperforming spatid dataanayss. Itwill survey
both statistical approachesand thoseinvolving inferencefrom databases.
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