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THE PRIORITY 
 
Development of new methods to fa-
cilitate the discovery and extraction of 
useful patterns and associations from 
large geospatial and temporal data-
bases. 

 
 

DESCRIPTION OF RESEARCH 

CHALLENGE 
 
Explosive growth in geospatial data 
and the emergence of new spatial 
technologies emphasize the need for 
the automated discovery of geospatial 
knowledge. It is estimated that the 
EROS Data Center alone has archived 
about 200,000 gigabytes of remote 
sensing imagery and this amount is 
expected to grow to 2.4 million giga-
bytes by the year 2005. Many other 
forms of geospatial databases show 
similar trends, increasing both the 
volume and density of geospatial data 
that is available electronically (e.g. 
census data, road networks, thematic 
and topographic maps, digital eleva-
tion maps, soil, climate, ecology). With 
advances in storage technology, our 
ability to archive these data products 
has greatly improved as compared to 
our ability to analyze and extract use-
ful information (patterns, clusters, 
classes, etc.) from these data products 
in an automated fashion. And since 
the datasets span the boundaries of 

many traditional domains of inquiry, it 
is likely that they may contain much 
that is currently unknown or unstud-
ied. Geographic data mining is emerg-
ing as an important research area 
within geographic and computing sci-
ence domains with far reaching appli-
cations. 
 
Geographic data mining is the process 
of discovering interesting and previ-
ously unknown, but potentially useful 
patterns from large geospatial data-
bases. The complexity of spatial data 
and intrinsic spatial relationships 
limit’s the usefulness of conventional 
data mining techniques for extracting 
spatial patterns. The differences be-
tween classical and spatial data mining 
are similar to the differences between 
classical and spatial statistics. First, 
spatial data is embedded in a continu-
ous space, whereas classical datasets 
are often discrete. Second, spatial pat-
terns are often local (in space and/ or 
time) whereas classical data mining 
techniques often focus on global pat-
terns. When it comes to the analysis 
of spatial data, however, the assump-
tion about the independence of sam-
ples is generally false because spatial 
data tends to be highly autocorrelated. 
Ignoring spatial autocorrelation when 
analyzing data with spatial characteris-
tics may produce hypotheses or mod-
els that are  inaccurate or  inconsistent  
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with the dataset. Thus new methods are needed to 
analyze spatial data to detect spatial patterns. The 
roots of spatial data mining lie in spatial statistics, spa-
tial analysis, artificial intelligence and machine learning, 
pattern recognition and image analysis, and high-
performance computing. A summary of various tech-
niques can be found in Buttenfield et al. (2000). 
 
Several new techniques and applications have been re-
ported in recent years. Examples are location predic-
tion, spatial outlier detection, co-location pattern dis-
covery, and constraint-based clustering. Location pre-
diction is concerned with the discovery of a model to 
infer locations of a spatial phenomenon from the 
maps of other spatial features. Spatial outliers are sig-
nificantly different from their neighborhood even 
though they may not be significantly different from 
the entire population. The co-location pattern discov-
ery process finds frequently co-located subsets of spa-
tial event types given a map of their locations. Con-
straint-based clustering incorporates user-defined con-
straints into the clustering process. For example, con-
sider a situation where two schools are located on op-
posite banks of a river. Simple Euclidean-based clus-
tering methods place these two schools in one cluster; 
however, in reality they may be quite far off in terms 
of travel distance. The constraint-based clustering is 
very useful for grouping geographic objects in the 
presence of obstacles. The spatial extensions are com-
putationally intensive and there is a great need for de-
veloping scalable parallel algorithms and efficient data 
structures for these techniques. 

 
 

IMPORTANCE OF RESEARCH CHALLENGE 
 
Spatial data mining plays an important role in diverse 
scientific domains dealing with large volumes of geo-
spatial data. Some of the well-known applications are: 
NASA (studying climatological effects of El Nino, 
land use classification and global change using satellite 
imagery), NIH (predicting the spread of a disease), 
NIJ (finding crime hot spots), transportation agencies 
(detecting instability in traffic), the Army (predicting 
global hot spots, inferring enemy tactics from blobol-
ogy, locating lost ammunition dumps), and M(mobile)-
commerce (location-based services). 

 
 

EMINENT RESEARCH QUESTIONS 
 
Which types of data mining algorithms are appropriate 
for geospatial data? What are the limitations and how 
can they be extended to incorporated spatial concepts? 
What kind of spatial access structures are needed for 
efficient mining? How can SDM algorithms be scaled 
to process large geospatial databases? How can do-
main knowledge be incorporated to improve query 
processing and mining? What kind of computational 
infrastructure is needed (e.g. Distributed, GRIID)? 
How can we deal with uncertainty, missing informa-
tion, inconsistency, and heterogeneity (typical in large 
geospatial databases)? What kinds of feature selection 
techniques are appropriate or required? How can we 
efficiently detect spatial outliers? How can we repre-
sent the knowledge (pattern) that we discover? Where 
will it go after it is 'discovered'? (i.e. how can it be 
saved or represented by the system). How can we vali-
date these patterns? 
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