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Many applications of spatial information systems require not just spatial data handling but a unified

approach to space and time. This paper begins by motivating this requirement with some examples,

continues by identifying some of the key issues in this area and then discusses a unified generic model

for information which is referenced to two spatial dimensions and two temporal dimensions (database
and event times).

1. INTRODUCTION

Developments in hardware, database technology and
graphics during the last decade have made.possible the
development of systems which are capable of powerfully
supporting the handling of spatially referenced data.
Such capabilities open up a very wide range of applica-
tions, from decision support for local area planning to
global environmental management. The arguments in
this paper are built upon the premise that for such
applications to be properly handled, systems must sup-
port not only spatial analysis but a unified model of
spatiotemporal information.

Much information which is referenced to space is also
referenced to time. Indeed, space, time and process are
closely interconnected. In current systems, the temporal
dimension often plays a subordinate role, temporal
variation being represented by a series of static snap-
shots. For such systems to truly come of age, the
temporal and spatial domains must be unified. This
paper describes work done on the modelling of informa-
tion which references a unified spatiotemporal dimen-
sionality. The paradigm adopted is object-based (in
contrast to the field-based approach, where the informa-
tion space is viewed as a set of variational fields over a
spatiotemporal plenum) in the sense that the ‘informa-
tion space’ is viewed as being populated with independ-
ently existing, self-contained objects, each encapsulating
state and behaviour.

Traditionally, databases have held information about
the state of the world which is independent of time and
space. However, in the last decade there has been
considerable research on general temporal databases
(for a recent survey, see Soo, 1991) and another large
body of work on spatial or geographic databases (see
Guenther and Buchmann, 1990; Maguire et al., 1991).
Unification of the two branches of activity, allowing
management of spatially and temporally referenced
information in the same system, is relatively novel (for
a recent list of papers, see Al-Taha et al., 1993).

The paper is structured to progress from concrete
motivating examples to a general theory. In the following
section, three examples are presented which show some

of the possibilities for a spatiotemporal system. A model
is then presented which fuses ideas on purely spatial
modelling using simplicial complexes with temporal
modelling involving two orthogonal dimensions repres-
enting database and event time. The latter stages of the
work discuss a query algebra, similar in some respects
to relational algebra.

2. MOTIVATING EXAMPLES
2.1. Administrative areas

Administrative regions reference areal objects which
represent the areal extent of the regions. Assume, as in
the UK, that every 10 years, when the new census is
taken, the boundaries may have been changed. Census
and other statistics often relate to these regions. In order
to conduct longitudinal studies, it is necessary to relate
statistics to the correct historical versions of the regions
to which the data relate. Thus, what is required is an
information system containing historical spatial data on
the regions. Transactional information, while useful, is
not essential here due to the long periods between
update.

Figure 1 shows a highly simplified picture of change
of regional structure over time. In the census year 1971,
the district Dis, is divided into two regions Reg, and
Reg,. In 1981, the spatial extent of Reg, is reduced and
that of Reg, is correspondingly enlarged. In 1991, the
spatial extent of the entire district is increased and
the spatial extent of Reg, is reduced to accommodate a
new region, Reg;.

Suppose that there exist various non-spatial datasets
referenced to the administrative areas. For example,
suppose that data exists on population totals referenced
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FIGURE 1. Change of regional structure through time.
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