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INTRODUCTION

In recent years, the need for atemporal dimension.in traditional spatial information
systems and for high-level models useful for.the conceptual design of the resulting
spatiotemporal systems has become clear. ‘Although having in common a need to manage
spatial data and their changes over time, various spatiotemporal applications may manage
different types of spatiotemporal data and may be based on very different models of space,
time, and change. For example, theterm spatiotemporal dataisusedtorefer bothtotemporal
changes in spatial extents, such as redrawing the boundaries of a voting precinct or land
deed, and to changesin the val ue of thematic (i.e., a phanumeric) data acrosstime or space,
such asvariation in soil acidity measurements depending on the measurement | ocation and
date. A spatiotemporal application may be concerned with either or both typesof data. This,
inturn, islikely to influencethe underlying model of space employed, e.g., thetwo types of
spatiotemporal data generally correspond to an object- versus afield-based spatial model.
For either type of spatiotemporal data, change may occur in discrete steps, e.g., changesin
land deed boundaries, or in acontinuous process, e.g:, changesin the position of amoving
object such as a car. Another type of spatiotemporal data is composite data whose
components vary depending on time or:location. An exampleisthe minimum combination
of equipment and wards requiredinacertain category of hospital (e.g., general, maternity,
psychiatric), wheretherelevant regul ations determining the applicabl e base standards vary
by locality-and time period.
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A conceptual data-modeling language for such applications should provide a clear,
simple, and consistent notation to capture alternative semanticsfor time, space, and change
processes. These include point- and interval-based time semantics; object- and field-based
spatial models; and instantaneous, discrete, and continuous views of change processes.
Multiple dimensionsfor time (e.g., valid, transaction) and space shouldal so.be supported.

Although there has been considerable work in-conceptual data madels for time and
space separately, interest in providing an.integrated spatiotempora model is much more
recent. Spati otemporal datamodelsaresurveyedby Abrahamand Roddick (1999),including
lower-levellogical models(Claramunt, 1995; Langran, 1993; Pequet & Duan, 1995). Those
model sthat deal with theintegration of spatial, temporal, and themati c dataat the conceptual
level are the most relevant to thiswork and are reviewed here.

Several conceptual frameworkshave been designed tointegrate spatial, temporal, and
thematic databased on Object-Oriented (OO) or Entity-Relationship (ER) datamodel sthat
include ahigh-level query language capabl e of specifying spatiotemporal entity types. The
data definition component of these query languages thus has some potential for use in
modeling spatiotemporal applications.

Becker, Voigtmann, and Hinrichs (1996) and Faria, M edeiros, and Nascimento (1998)
propose OO models based on extensions of ObjectStore and O2 respectively. Becker et al.
consider both object- and field-based spatial-madels, defining a hierarchy of elementary
spatial classeswith both geometric and parameterized thematic attributes. Temporal prop-
erties are incorporated by adding instant-and interval timestamp keywords to the query
language. InFariaet al. spatial andtemporal propertiesareaddedto an object classdefinition
by associating it with pre-defined temporal and spatial object classes. This solution is not
suitablefor representing temporal or spatial variation at theattributelevel, asthetimestamp
and spatiallocationsaredefined only at the object component level. Inaddition, both Becker
eta. and Fariaet al. offer text-based query languages; the non-graphical query languages
of these models reduce their suitability as conceptual modeling languages.

Inaclear indicationthat the need for aspatiotemporal graphical modelinglanguagehas
beenwell recognized, there have been several concurrent effortsto devel op such alanguage
recently reportedintheliterature. TheM ADSmodel (Parent, Spaccapietra, and Zimanyi, 1999)
extendsan object-based model with pre-defined hierarchiesof spatial.and temporal abstract
datatypesand special complex datatypestodescribeall of anattribute’ sproperties, i.e., name,
cardinality, domain, and temporal or spatial-dimensions. The use of anon-standard, hybrid
ER/OO model and the definition of new composite datastructuresto incorporate spatiotem-
poral properties, rather than exploiting existing featuresof theER or OO models, increasethe
complexity of thismodel. The SpatioTemporal ER model (Tryfona & Jensen, 1999) adds
temporal and spatial iconsto entities, attributes, and rel ationshi psin the ER model to support
timestamped spatial objectsandfields(i.e., spatiotemporal variationinthematic attributes).
Composite datawhose components vary over space and rel ationshi ps associated with their
own spatial extents are not considered: instead, spatial relationships are used to represent
explicit geometric or topological relationships between associated spatial objects, which
could otherwise be derived on demand. Therefore, temporal rel ationships describe model
structure (i.e., timestamps), whereas spatial relationships describe model integrity (i.e.,
constraints). Peceptory (Brodeur, Bedard, & Proulx, 2000) is a spatiotemporal model and
CASE tool aligned with hoth geographic and object-oriented standards, based on adding
spatial and temporal stereotypesto objectsin UML. Thefocusison spatial objects; spatial
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