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Ml - Po Kinan:
GIS Methods
In Time-Geographic Research

Sang-1l Leg(*Leg): Regarding the relationship between time-geography
and GIS there seems to be an interesting observation: human geographers
(not Gl<ers) are familiar with time-geography, but few of them acknowledge
that it has provided a conceptual and methodological foundation for GIS
GIS researchers who are from other fields and work on individual activity
patterns are often dependent upon time-geographic notions in their works,
but are not so familiar with time-geography itself. So, why don’t we get
started with defining things? What is time geography? In what ways does it
provide a useful perspective for studying and analyzing human activities in
space-time?

Mei-Po Kwan(‘Kwan’): Time geography was developed by a group of
Swedish geographers at Lund University in the 1950s-60s — including Torsten
Hégerstrand, Tommy Carlstein, Bo Lenntorp, and Don Parkes. It has inspired
generations of geographers and transportation researchers in the anaysis of
human activities in space-time because the perspective not only highlights the
importance of space for understanding the geographies of everyday life. It aso
allows the researcher to examine the complex interaction between space and
time and their joint effect on the structure of human activity patternsin
particular locdlities.

Time geography conceives and represents an individual’s activities and

Mei—Pe Kwan
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travel in a 24-hour day as a continuous temporal sequence in geographica space (or space-time path). The
number and location of everyday activities that can be performed by a person are limited by the amount of time
available and the space-time constraints associated with various obligatory activities (e.g., work) and joint
activitieswith others. These congtraints largely arise from the spatia or temporal rigidity associated with certain
types of activities people undertake in their dally lives. These activities are cdled fixed activities (for example,
work or visiting adoctor) because it is difficult to change the place or time to perform them, and as aresult they
aso tend to restrict a person’s freedom to undertake other spatialy and temporally flexible activities. Thistime-
geographic conception is valuable for understanding activity-travel behavior because it integrates the temporal
and spatial dimensions of human activity patternsinto asingle anaytical framework. Although time, in addition
to space, is a sgnificant element in structuring individual activity patterns, past gpproaches mainly focus on
either their spatial or temporal dimension. The significance of the interaction between the spatia and temporal

dimensionsin structuring individua daily space-timetrgectoriesis often ignored.

Lee Then, | come to wonder about what subject matters have been most associated with the devel opment
of time-geographic notions. In what fields or areas of research has time-geography been applied?

Kwan: Time geography can be applied in a wide range of fields andresearch areas. Since the early
1990s, the perspective has been particularly useful for understanding women’s activity-travel behavior
because it helps to identify the restrictive effect of space-time constraints on their activity choice, job
location, travel, as well as occupational and employment status. Time geography has also been used as a
framework for the study of migration and mobility behavior and the everyday life of the elderly, children,
and homeless people. Many transportation researchers have also found the time-geographic perspective

useful for modeling human activity-travel behavior.

Lee Then | am curious about what kinds of research methods made the researches undertaken under a
research environment unlike now. What were the analytical methods used in time-geographic research?
What difficulties were faced by researchersin the past?

Kwan: Despite the usefulness of time geography, there were very few studies that actualy implemented its
congtructs as anadytica methods up to the mid-1990s — with the notable exception of Bo Lenntorp’s Program
Evaluating the Set of Alternative Sample Path (PESASP) simulation model. The limited development of time-
geographic methods was largely due to the lack of detailed geographica and individua-level data as well as
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analytical tools that could realistically represent the complexities of an urban environment (e.g., the
trangportation network and spatia distribution of urban opportunities). For example, a study that dedlt with 286
urban opportunities spent about three monthsin the manual construction of adigita street network that only had
939 nodes and 2,395 arcs in the late 1970s. So the time needed for constructing the geographic data for time-
geographic studies had been considerable. Another difficult is that the algorithms used to implement time-
geographic methods have been computationaly intensive.

Lee What changes are important in leading to the recent resurgence of time-geographic studies?

Kwan: As | just said, the development and implementation of time-geographic concepts had been
limited by the computational intensity of time-geographic modeling as well as the lack of digital
geographic data. But the drastic increase in computer power and availability of digital geographic
databases in recent years have greatly facilitated the application and development of time-geography
methods in recent years. Further, GIS provides an effective environment for implementing time-
geographic methods, as GIS allows the incorporation of large amount of geographic data that are
essential for any meaningful analysis of human behavior in space-time. Because of these trends, it is now
more feasible than ever before to operationalize time-geographic constructs, and time-geographic
research is undergoing a new phase of development as several recent studies indicate. Although the
primary focus of these studies is on individual accessibility, there are many areas in which time
geography can be fruitfully applied.

Two areas in which time-geographic methods have seen considerable development in recent years are
Gl S-based geocomputation and geovisualization methods. The term geocomputation refers to a range of
activities involving the use of new computational tools and methods to depict geographical variations of
phenomena across scales. It includes a wide variety of computer-based techniques, including expert
systems, fuzzy sets, genetic algorithms, cellular automata, neural networks, fractal modeling,
visualization, and data mining. Many of these methods are derived from the field of artificial intelligence
and the more recently defined area of computational intelligence. The availability of affordable high-
speed computing and the development of GIS technologies in recent years have greatly facilitated the
application of geocomputation in time-geographic research. The use of geocomputation as a time-
geographic method is most visible in recent research on individual accessibility. It involves the

development and application of dedicated algorithms for computing space-time accessibility measures
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within a GIS environment.

Geovisualization is the use of concrete visual representations and human visual abilities to make
spatial contexts and problems visible. Through involving the geographical dimension in the visualization
process, it greatly facilitates the identification and interpretation of spatial patterns and relationships in
complex data in the geographical context of a particular study area. As more georeferenced activity-
travel diary data become available and more GIS software has incorporated 3D capabilities in recent
years, GlS-based 3D geovisualization has become a more feasible approach for time-geographic
research. | have implemented 3D visualization of space-time paths and aquariums using vector GIS
methods and activity-travel diary data. My research indicates that GlS-based geovisualization can be a
fruitful method for time-geographic research. Further, implementing 3D visualization of human activity
patterns can be an important first step in the devel opment of Gl S-based geocomputational procedures that

are applicable in many areas of geographical research.

Lee | well acknowledge that you and your associates have sought to develop and implement the time-
geographic methods discussed above. Can you describe some of the most important contributions of the
time-geographic research undertaken in recent years?

Kwan: There are many important findings by this research that | cannot describe fully here. But |
would highlight a few of them. My research found that different types of accessibility measures reflect
different dimensions of the accessibility experience of individuals and different measures will generate
different results. So one has to evaluate the results of a study very carefully because they may be due to
the use of a particular accessibility measures. Besides, space-time accessibility measures are more gender
sensitive. Joe Weber’s research found that individual accessibility tends to vary geographically in a
highly complex manner, and geographical context seems to play a relatively unimportant role in
determining individual accessibility. Hyun-Mi Kim discovered that the temporal complexities of an
urban environment (e.g. opening hours of facilities) and human activity-travel behavior (e.g. the
maximum distance or time a person is willing to travel to perform a particular activity) greatly affect

accessihility as evaluated by space-time measures.

Lee: We have overviewed the past and present of time-geographic methods. It seems to me that GIS
based time-geographic methods are proven to be extremely useful in exploring and analyzng the dynamics
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of urban life. For the last question, what are some promising areas for future time-geographic research?

Kwan: In terms of substantive foci, there is an increasing interest in extending time-geographic research to
the study of how information and communications technologies (ICT) influence human activity-travel patterns
in recent years. These studies seek to describe and analyze the impact of Internet and mobile phone use on
peopl€' s behavior — for example, will e-shopping or e-banking reduce peopl€'s trips to shops or banks in the
physical world? These studies aso try to understand how ICT use may affect peopl€' s space-time constraints —
for examplewill people undertake more social and recregtional activities by using the time saved through using
ICT (like e-shopping)?

There are also many methodological innovations in time-geographic research in recent years. There are
studies that use an object-oriented approach for extracting and visualizing space-time paths. There are sudies
that attempt to reconstruct space-time paths from large geographic database using neural networks and salf
organizing map. Researchers have also used agent-based modeling and pattern aggregation techniques like
sequence dignment to extract meaningful time-space patterns in human activity behavior. | think these are

promising areas for future research in Gl S-based time-geographic methods.
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