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Introduction 

Urban planning tools often consist of a modelling framework linked with a set of 
indicators, by which the sustainability implications of city policies can be assessed 
(Leitman, 1999). A sustainable city can broadly be defined as taking action plans and 
policies that aim to ensure adequate resource availability for integral and long-term 
development (REC, 2003). Our work aims to employ multi reactive agents with a GIS 
for developing an “intelligent spatial decision agent” in complex urban areas and their 
sustainable development. Such simulation approach can provide valuable tools for 
planners to explore urban scenarios that result from different land use policies. This 
paper is intended to be a review of agent-based modelling works and their relevant to 
sustainable cities.  
 

Urban Modelling 
Since the late 60’s and early 70’s, a period in which the development of elaborate 
mathematical models for urban planning applications emerged, new scientific and 
technological development have considerably changed the fields of spatial modelling 
and urban planning (Malcolm, 2002). The elaboration of new scientific paradigms 
based on such phenomena as complexity, self-organization, chaos and fractals has 
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generally emphasized the fact that exact prediction in complex city planning is not 
possible (Rotmans et al., 1999). The main purpose of the models is to serve as 
thinking tools, to help the user learn about the nature and dynamic behaviour of the 
real world system and find out how it is critically bounded, rather than to make 
definite statements about the future state of the system modelled (Engelen et al., 
1999). 
For systems as complex and as dynamic as cities, performing acts of planning without 
having some concept of how activities, land-use, and how the spatial interactions will 
change as the result of the intrinsic growth potential and planning interventions seems 
a somewhat futile exercise (Benenson et al., 2001). Hence, it is a major shortcoming 
of today’s GIS systems not to offer the possibility of dynamic and spatial modelling in 
the preparation and evaluation of urban policies. This is a view supported by many 
authors (Batty, 1998, Eastman et al, 1993). 
 

Cellular Automata 
Cellular Automata (CA) is a modelling technique defined on a raster space. Cell states 
usually represent land use or land cover, and the transition of a cell from one state to 
another depends on the states of the neighbourhood cells. CA have proven to be useful 
for dynamic modelling although studies that have attempted to include GIS have had 
varying success (Batty et al., 1994, 1997). Most of this research emphasised urban 
simulation in order to understand the urban growth and its form. However, to build 
models that represent more practical geographical problems, it seems that more 
complex CA is required and that their dynamics need to be constrained (Engelen et al, 
1997). Moreover, GIS are an inherently static process, they are limited for use in 
dynamic modelling in both their updating of cellular data and implicit cellular nature 
(Ward et al., 1999). They do not include procedures for explicitly handling time, are 
designed to process entire arrays of data, and cannot easily address varying localized 
operations across the spatial grid (Gimblett, 2002). 
The city is a complex system and is beyond the capability of standard CA (Jiang et al., 
2002). Previous research has made clear the limitations of the CA framework 
(Colonna et al., 1998, Loibl et al., 2002, Ward et al., 1999). Its homogeneous cellular 
structure and synchronous time advancement are too rigid to easily accommodate the 
diversity of processes that interact of overall system (Colonna et al, 1998). Standard 
CA should be integrated with more states, a large neighbourhood, and more 
constraints with complex transition rules. More integrated technology is required for 
simulation modelling: the use of intelligent agents is the current best approach to 
model the dynamic behaviour of the land-use system (Rodrigues et al., 1998).  
 

Agents 

There is no one definition for an intelligent agent. As there are several fields of 
software development in which they are being used, it is very difficult to uniquely 
define them (Haugeneder et al., 1998). The most general definition is that of task 
oriented software components that have the ability to act intelligently, either 
independently or collectively (Rodrigues et al., 1998). 
The concept of a spatial agent has been introduced as a specialisation of the agent 
concept that can reason over representations of space, and can understand space as 
either physical or non physical phenomena (Rodrigues et al., 1998). Applied to spatial 
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models, agents become entities evolving in space and time, within an environment 
composed of all the passive elements of the space (Gimblett, 2002). 
The research of spatial agent and GIS has received a great attention in recent years 
(Rodrigues et al., 1997, Ferrand, 2000, Jiang et al., 2002, Gimblett, 2002). Most of 
this research focused on integrating the agent-based approach with GIS for spatial 
simulation and spatial decision support systems (Rodrigues et al., 1998). The most 
exciting research for using multi agent based modelling with GIS was developed in 
collaboration with the team of French National Geographical Institute. The project has 
addressed the limitation for using agent approach with CA for dealing with complex 
dynamic system, which led to the conversion of the work towards a multi reactive 
agents system (Ferrand, 2000, Rodrigues et al., 1998). As a result of this review, 
issues have been raised about the tendency of adopting CA as an agent-based 
modelling technique. 
In fact, a multi reactive agent system can be used either for simulating complex 
systems or for solving spatial problems (Ferrand, 2000). The use of multi-reactive 
agent system is a return to natural modelling, because all is needed is a simple 
description of objects and processes (Ferrand, 2000). The system can be integrated 
with any type of information such as rules or functions, and is entirely open as it is 
possible to add agents of any type (Wooldridge et al., 1995).  
The key message of this paper is that multi-reactive agents can be adopted and is well-
placed as a modelling technique to address the challenges of the dynamic behaviour of 
cities and their sustainable land use. 
 

References 
Batty, M. (1998) Urban Evolution on the desktop: simulation using extended cellular 
automata, Environment and Planning A, 30, pp. 1943-1967. 
 
Batty, M., and Xie Y. (1994) From cells to cities, Environment and Planning B, 21, 
pp. 31-48. 
 
Batty, M., and Xie Y. (1997) Possible urban automata, Environment and Planning B, 
24, pp. 175-192. 
 
Benenson, I., Aronovich, S., and Noam, S. (2001), OBEUS: Object-Based 
Environment for Urban Simulation, in Proceedings of the 6th international conference 
on GeoComputation, University of Queensland, Brisbane, Australia. 
 
Colonna, A., Stephano, V., Lombardo, S., Papini, L., and Rabino, A. (1998) Learning 
cellular automata: modelling urban modelling, in Proceedings of the 3rd international 
conference on GeoComputation, University of Bristol, Bristol, UK. 
 
Eastman, J. R., Kuem, P. A. K., Toledano, J., and Weigen, J. (1993) GIS and Decision 
Making, UNITAR, Geneva, Switzerland. 
 
Engelen, G., Geertman, S., Smits, P., and Wessels, C. (1999), Dynamic GIS and 
strategic physical planning support: a practical application, in J. Stillwell, S. Geertman 
and S. Openshaw (eds.) Geographical Information and Planning: Advances in spatial 
science, Springer, Berlin. 



 4

 
Engelen, G., White, R., and Uljee, I. (1997) Integrating constraint cellular models, 
GIS and decision support tools for urban planning and policy making, in H. 
Timmermans (ed.) Decision Support Systems in Urban Planning, E & FN Span, 
London. 
 
Ferrand, N. (2000) Multi-reactive agents paradigm for spatial modelling, in A. S. 
Fotheringham and M. Wegener (eds.), Spatial Models and GIS: new potential and new 
models, GISDATA 7, Taylor & Francis, London, New York. 
 
Gimblett, H. R. (2002), Integrating geographic information systems and agent-based 
technologies for modelling and simulating social and ecological phenomena, in H. R. 
Gimblett (ed.) Integrating Geographic Information Systems and Agent-based 
Modelling Techniques for Simulating Social and  
Ecological Processes, A volume in the Santa Fe Institute Studies in the Science of 
Complexity, Oxford University Press. 
 
Haugeneder, H., and Steiner, D. (1998), Co-operating agents: concepts and 
applications, in N. R. Jenmings and M. J. Wooldridge (eds.) Agent Technology: 
Foundation, Application and Markets, Springer, Berlin, London. 
 
Jiang, B., and Gimblett, H. R. (2002), An agent-based approach to environmental and 
urban systems within geographic information systems, in H. R. Gimblett (ed.) 
Integrating Geographic Information Systems and Agent-based Modelling Techniques 
for Simulating Social and Ecological Processes, A volume in the Santa Fe Institute 
Studies in the Science of Complexity, Oxford University Press. 
 
Leitman, J. (1999) Sustainable cities: environmental planning and management in 
urban design, McGraw-Hill, New York. 
 
Loibl, W., Giffinger, R., and Toetzer, T. (2002), Growth and densification processes 
in suburban landscape: a spatial agent-simulation, in the 5th AGILE conference on 
Geographic Information science, Palma, Balearic Island, Spain. 
 
Malcolm, N. W., (2002), The integration of remote sensing and GIS to facilitate 
sustainable urban environmental management: the case of Bangkok, Thailand, 
Master’s Thesis, University of Waterloo, Ontario, Canada. 
 
(REC) The Regional Environmental Centre for Central and Eastern Europe (2003), 
What is a Sustainable City, “Available from URL 
http://www.rec.org/REC/Programs/SustainableCities/What.html” 
 
Rodrigues, A., Grueau, C., Raper, J., and Neves, N. (1997), Research on spatial 
agents, in Proceedings of the 3rd Joint European Conference on Geographic 
Information (JEC-GI 97), Vienna. 
 
Rodrigues, A., Grueau, C., Raper, J., and Neves, N. (1998), Environmental planning 
using spatial agents, in S. Carver (ed.) Innovation in GIS 5, Taylor & Francis, London. 
 



 5

Rotmans, J., Asselt, M. V., and Vellinga, P. (1999), An integrated planning tool for 
sustainable cities, Paper presented at the European Workshop on Assessment 
Methodologies for Urban Infrastructure, Maastricht. 
 
Ward, D. P., Murray, A. T., and Phinn, S. R. (1999) An optimized cellular automata 
approach for sustainable urban development in rapidly urbanizing regions, in 
Proceedings of the 4th international conference on GeoComputation, Marry 
Washington College, Fredericksburg, Virginia, USA. 
 
Wooldridge, M., and Jennings, N. R. (1995), Intelligent agents: theory and practice, 
Knowledge Engineering Review, vol. 10, no. 2. 


