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Crime and the Environment

Criminologists are becoming increasingly aware of the important role that “place” plays in crime occur-

rences [23]. However, the relationship between crime and the physical environment is complex [11]. It

has been shown that the physical form of an area, including natural features and the design of the built

environment, has a significant impact on local communities and on crime in those communities [7].

As well as considering physical characteristics, it is important to understand that individual peoples’

perceptions of their environment will also affect their behaviour [4]. Using burglary as an example,

most offenders will only commit a crime if they are certain that residents are not home [47], are familiar

with the chosen area [23] and do not think that other neighbours will notice them or intervene [14, 38].

How an area is built socially will also have an affect on crime because, as Bottoms et al. [7] com-

ment, “communities, like individuals, can have careers in crime”. The socioeconomic status and de-

mographics of an area are particularly important, but their relationships to crime are non-trivial. For

example: burglaries occur disproportionately in areas with high socioeconomic status and in particular

when those areas are close to areas with high offender rates [2, 8, 44]; but other crime types, such as

violent crime, are often associated with areas of high unemployment and low socioeconomic status [11].

Social cohesion also has extremely important relationship to crime [14, 30, 38, 45, 47] and therefore

social relationships must be considered and implemented in the model.

1



Environmental Criminology

In an attempt to explain what drives offender movements and what effect people other than the offender

will have on individual crime occurrences, various criminological theories have been developed. Routine

activities theory stipulates that for a crime to occur a motivated offender and a victim must converge in

space and time in the absence of a capable guardian [19]. Many authors have found that at least some of

the basic concepts of routine activities theory can be used to explain their observations and, therefore,

the theory is generally supported [4, 37, 36, 40, 47]. The individual behaviour of victims, guardians and

offenders is explicit in routine activities theory, but many methodologies typically used for modelling

crime face difficulties experimenting with these micro-behaviours.

Although routine activities theory will help to establish what offenders, victims and guardians will

do on a “normal” day, it does not address the decisions people make or the actions they take which will

clearly have an affect on whether or not a crime will actually occur. These factors can be modelled

by crime pattern theory [9] and the rational choice perspective [22]. Crime pattern theory is closely

linked to routine activities theory but works at a more local scale. Offenders do not search for targets

at random, instead they look for targets near important “nodes” such as friends’ houses and leisure or

work places [11]. Crime pattern theory, therefore, examines these important nodes, the paths between

them and edges which mark social boundaries. These elements lead to the generation of activity spaces

which will determine the areas which people know well and feel safe in.

Originating from ideas commonly used in economics, the rational choice perspective suggests that

an offenders’ decision can be modelled as a formal process whereby the potential gains of a successful

crime are compared with the potential losses if apprehended. In this manner, a crime will only be

committed if it is perceived as profitable. Some studies have illustrated how strongly emotions are

associated with criminal events [47] and it therefore seems unlikely that a rational decision is made.

However, a form of bounded rationality can be used which could take emotions and other human factors

into account.

Therefore, by using routine activities theory to establish peoples’ general routines, crime pattern

theory to model travel on routines more accurately and the rational choice perspective to model individ-

ual assessments of a situation, a well-rounded view of behaviour from the city-wide to cognitive scales

can be established.
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Modelling Crime

Traditionally, crime occurrences have been modelled by the statistical technique of logistic regres-

sion [31]. Although such techniques have provided interesting results, they work at relatively large

scales so do not take local factors (at the person, street or neighbourhood level) into account. The local

physical environment has been shown to have significant effects on crime [2, 7, 15, 18, 20, 21, 42, 37,

43, 47], but it is very difficult to investigate this detailed spatial component using purely statistical tech-

niques. To address some of these short-comings, computer simulations of crime have been developed

which can work at much smaller scales. These include spatial interaction models and microsimulation

techniques [31]. However, all of the above techniques face difficulties with regards to incorporating

human behavioural factors.

Described as a “breakthrough in computational modelling in the social sciences” [24] and “one of

the most exciting practical developments in modeling since the invention of the relational database” [32],

agent-based modelling (ABM) is a new method for modelling systems. An agent-based model is com-

prised of autonomous, decision making entities called agents who can interact with each other and their

environment [6]. In this manner, large systems can be created which mimic real scenarios and produce a

dynamic history of the system under investigation [1]. At every iteration of the model, each agent indi-

vidually assesses its situation and, based on set rules, makes a decision about what action to take [6]. In

this manner, using production rules, the agents can be implemented with simple human behaviours [35].

ABM is being increasingly recognised as an important tool for social scientists [35], particularly

because people are trying to model very complex systems which make traditional modelling methods

unsuitable [32]. The ability of agent-based models to describe heterogeneous individuals or groups is

a much more natural way to describe systems than it is to try to build aggregate equations to control

them [6]. In some cases using equations might be impractical or even impossible [17]. The ability

of models to represent separate individuals is particularly important when investigating micro-theories

such as routine activities theory. Brantingham and Brantingham [10] note that with ABM it is possible

to treat offenders in a similar manner to non-offenders and explore the effects that non-criminal activities

will have on crime. In this manner, the “natural variety” of cities becomes part of the model, rather than

being smoothed out by aggregate methods [3, 10, 17].

The technique of agent-based modelling has been applied to a vast number of subject areas, in-

cluding computer systems which assist car drivers [34], models of pedestrian movements [16, 41],
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simulations of human immune systems [29] and models of petrol station prices [28]. However, studies

of direct relevance to this project are rare. Some authors have discussed the need for agent-based mod-

elling of crime and have outlined frameworks [10, 12, 13], others have implemented relatively simple

agent-based models of crime [25, 26, 27] and there are some agent-based investigations into general

crime features [33, 46]. Birks [5] created a multi-agent model based on current theories in environmen-

tal criminology, although the work is currently unpublished. Therefore an agent-based model of crime

is a novel and under-investigated approach with relevance to the fields of agent-based modelling, crime

modelling and criminology.

Summary

The aim of this research is to create a computer model of crime in Leeds. The model will attempt to

predict the levels of different types of crime and will depend upon the physical environment and the

behaviour of offenders, victims and other citizens. Governments and policy makers are eager to un-

derstand crime better, but even after investigation by researchers from an array of different disciplines

(including economics, biology, social science and psychology), theories remain disconnected and crime

in general is still little understood [18]. The model produced here will not only be used to experiment

with criminological theories but will also have practical applications. It could be used by local gov-

ernments and the police to investigate the effect that new environmental or crime reduction initiatives

might have on a local area, testing them before their implementation. The first part of the methodology

involves establishing the factors that affect crime and which must be included in the model. These are

mostly determined through a literature review that covers criminology, psychology and sociology. The

second part is a formulation of the model structure, i.e. the agents and the rules. This paper will provide

a summary of the main rules governing burglary offender behaviour and a basic ABM structure.

Although modelling human behaviour is a daunting task, it is possible nevertheless [39]. The are

proposed methodologies (including the PECS reference model [39]) which can be used to build agents

with behaviours that reflect those of humans. Fortunately it is not necessary to attempt to model all

forms of human behaviour. The formulation of the research question will determine which factors are

necessary to include in a model in order to investigate the phenomena of interest [39]. In this case, the

components of a simple model of offender/non-offender behaviour is illustrated by Figure 1.

Intensity functions will determine the most intense drive and will be used to derive the agent’s cur-
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Figure 1: Simple method of simulating offender/non-offender behaviour, based on the PECS [39] refer-
ence model.

rent goal. They take individual personalities, the perceived physical environment and other factors into

account. Using this relatively simple model it should be possible to experiment with human behaviours

and test the effect that these behaviours will have on crime patterns.

References

[1] Robert Axtell. Why agents? on the varied motivations for agent computing in the social sci-

ence. Center on Social and Economic Dynamics Working Paper No. 17, available at http://

www.brookings.edu/es/dynamics/papers/agents/agents.htm [accessed - Jan-

uary 2007], 2000.

[2] J. Baldwin and A. E. Bottoms. The Urban Criminal: A Study in Sheffield. Tavistock Publications,

London, 1976.

[3] Micheal Batty. Agents, cells, and cities: new representational models for simulating multiscale

urban dynamics. Environment and Planning A, 37:1373–1394, 2005.

[4] Daniel J. K. Beavon, P. L. Brantingham, and P. J. Brantingham. The influence of street networks

5



on the patterning of property offenses. In Ronald V. Clarke, editor, Crime Prevention Studies,

volume 2. Criminal Justice Press, New York, 1994.

[5] Daniel Birks. Computational criminology: A multi-agent simulation of volume crime activity.

Presentation to the British Society of Criminology Conference, University of Leeds, UK, July

2005.

[6] Eric Bonabeau. Agent-based modeling: Methods and techniques for simulating human systems.

Proceedings of the National Academy of Sciences, 99:7280–7287, May 2002.

[7] A.E. Bottoms, A. Claytor, and P. Wiles. Housing markets and residential community crime careers:

A case study from Sheffield. In Nicholas Fyfe, David Evans, and David Herbert, editors, Crime,

Policing and Place - Essays in Environmental Criminology, chapter 7. Routledge, 1992.

[8] Kate Bowers and Alex Hirschfield. Exploring the link between crime and disadvantage in north-

west England: an analysis using geographical information systems. International Journal of Geo-

graphical Information Science, 13(2):159–184, 1999.

[9] Patricia Brantingham and Paul Brantingham. Environment, routine, and situation: Toward a pattern

theory of crime. In R.V. Clarke and M. Felson, editors, Routine Activity and Rational Choice,

volume 5 of Advances in Criminological Theory, pages 259–294. Transaction Publishers, New

Brunswick, NJ, 1993.

[10] Patricia L. Brantingham and Paul J. Brantingham. Computer simulation as a tool for environmental

criminologists. Security Journal, 17(1):21–30, 2004.

[11] P.L. Brantingham and P.J. Brantingham. Environment, routine, and situation: Toward a pattern

theory of crime. In Routine Activity and Rational Choice, volume 5 of Advances in Criminological

Theory. Transaction Publishers, New Brunswick, NJ, 1993.

[12] P.L. Brantingham, U. Glasser, B. Kinney, K. Singh, and M Vajihollahi. Modeling urban crime

patterns: Viewing multi-agent systems as abstract state machines. In Proceedings of the 12th

International Workshop on Abstract State Machines, pages 101–117, 2005.

[13] P.L. Brantingham, U. Glasser, B. Kinney, K. Singh, and M Vajihollahi. A computational model for

simulating spatial aspects of crime in urban environments. 2005 IEEE International Conference

on Systems, Man and Cybernetics, 4:3667–3674, October 2005.

6



[14] Barbara B. Brown and Deborah L. Bentley. Residential burglars judge risk: The role of territorial-

ity. Journal of Environmental Psychology, 13:51–61, 1993.

[15] J.A. Carr. The geographies of young people, crime and social exclusion. PhD thesis, University of

Leeds, UK, 2003.

[16] Christian Castle. Developing a prototype agent-based pedestrian evacuation model

to explore the evacuation of Kings Cross St Pancras underground station. CASA

Working Paper 108, available at http://www.casa.ucl.ac.uk/publications/

workingPaperDetail.asp?ID=108 [accessed March 2007], 2006.

[17] Christian J. E. Castle and Andrew T. Crooks. Principles and concepts of agent-based modelling for

developing geospatial simulations. UCL Centre For Advanced Spatial Analysis Working Papers

Series, Paper 110, September 2006.

[18] Lawrence E. Cohen and Richard Machalek. A general theory of expropriative crime: An evolu-

tionary ecological approach. The American Journal of Sociology, 94(3):465–501, 1988.

[19] L.E. Cohen and M. Felson. Social change and crime rate trends: A routine activity approach.

American Sociological Review, 44:588–608, 1979.

[20] Ellen G. Cohn. The prediction of police calls for service: The influence of weather and temporal

variables on rape and domestic violence. Journal of Environmental Psychology, 13(1):71–83,

1993.

[21] Ellen G. Cohn. The effect of weather and temporal variations on calls for police service. American

Journal of Police, 15(1):23–43, 1996. URL http://start.managementfirst.com/10.

1108/07358549610116545.

[22] D. Cornish and R.V. Clarke. The Reasoning Criminal: Rational Choice Perspectives on Offending.

Springer-Verlag, New York, 1986.

[23] John E. Eck. Crime places in crime theory. In John E. Eck and David Weisburd, editors, Crime

Prevention Studies, volume 4. Criminal Justice Press, New York, 1995.

[24] N. Gilbert and P. Terna. How to build and use agent-based models in social science. Mind &

Society, 1:57–72, 2000.

7



[25] Elizabeth Groff. Exploring The Geography Of Routine Activity Theory: A Spatio-Temporal Test

Using Street Robbery. PhD thesis, University of Maryland, 2006.

[26] Louise Gunderson and David Brown. Using a multi-agent model to predict both physical and

cybercriminal activity. 2000 IEEE International Conference on Systems, Man, and Cybernetics,

4:2338–2343, 2000.

[27] Louise F. Gunderson. Using Data-Mining and Multi-Agent Simulation to Predict Criminal Behav-

ior. PhD thesis, University of Virginia, May 2003.

[28] Alison J. Heppenstall, Andrew J. Evans, and Mark H. Birkin. A hybrid multi-agent/spatial inter-

action model system for petrol price setting. Transactions in GIS, 9(1):35–51, 2005.

[29] Christian Jacob, Julius Litorco, and Leo Lee. Immunity through swarms: Agent-based simulations

of the human immune system. Lecture Notes in Computer Science, 3239:400–412, 2004.

[30] Ichiro Kawachi, Bruce P. Kennedy, and Richard G. Wilkinson. Crime: social disorganization and

relative deprivation. Social Science and Medicine, 48:719–731, 1999.

[31] C. Kongmuang. Modelling Crime: A Spatial Microsimulation Approach. PhD thesis, University

of Leeds, UK, 2006. Unpublished.

[32] Charles M. Macal and Michael J. North. Tutorial on agent-based modeling and simulation. In

M. E. Kuhl, N. M. Steiger, F. B. Armstrong, and J. A. Joines, editors, Proceedings Of The 2005

Winter Simulation Conference. Institute Of Electrical And Electronics Engineers, Piscataway, New

Jersey, 2005.

[33] Adriano Melo, Mairon Belchior, and Vasco Furtado. Analyzing police patrol routes by simulating

the physical reorganization of agents. In Jaime Simão Sichman and Luis Antunes, editors, MABS,

volume 3891 of Lecture Notes in Computer Science, pages 99–114. Springer, 2005.

[34] B. W. Miller, C. H. Hwang, K. Torkkola, and N. Massey. An architecture for an intelligent driver

support system. In Intelligent Vehicles Symposium, pages 639– 644. IEEE, June 2003.

[35] Scott Moss and Bruce Edmonds. Towards good social science. Journal of Artificial Societies and

Social Simulation, 8(4), 2005. ISSN 1460-7425. URL http://jasss.soc.surrey.ac.

uk/8/4/13.html.

8



[36] M. B. Robinson. Lifestyles, routine activities, and residential burglary victimization. Journal of

Crime and Justice, 22:27–56, 1999.

[37] M. B. Robinson and C. E. Robinson. Environmental characteristics associated with residential

burglaries of student apartment complexes. Environment and Behaviour, 29:657–675, 1997. doi:

10.1177/0013916597295004.

[38] Robert J. Sampson, Stephen W. Raudenbush, and Felton Earls. Neighborhoods and violent crime:

A multilevel study of collective efficacy. Science, 277:918–924, 1997.

[39] Bernd Schmidt. The Modelling of Human Behaviour. SCS Publications, Erlangen, Germany, 2000.

[40] A. Tseloni, K. Witterbrood, G. Farrell, and K. Pease. Burglary victimization in England and Wales,

the United States and the Netherlands. British Journal of Criminology, 44:66–91, 2004.

[41] Alasdair Turner and Alan Penn. Encoding natural movement as an agent-based system: an inves-

tigation into human pedestrian behaviour in the built environment. Environment and Planning B,

29:473–490, 2002.

[42] Akkelies van Nes. The burglar as a space explorer in his own neighborhood. In U. Mander, C.A.

Brebbia, and E. Tiezzi, editors, The Sustainable City IV. Urban regeneration and Sustainability.

WIT Press, Wessex, UK, 2006.

[43] Paul Wiles and Andrew Costello. The ‘road to nowhere’: the evidence for travelling criminals.

Home Office Research Study 207, 2000.

[44] P. Wilkström. Urban Crime, Criminals and Victims: The Swedish Experience in an Anglo-

American Comparative Perspective. Springer-Verlag, New York, 1991.

[45] James Q. Wilson and George L. Kelling. Broken windows: The police and neighborhood safety.

The Atlantic Monthly, 249(3):29–38, March 1982.

[46] Pinata Winoto. A simulation of the market for offenses in multiagent systems: Is zero crime rates

attainable? In Jaime Simão Sichman, François Bousquet, and Paul Davidsson, editors, MABS,

volume 2581 of Lecture Notes in Computer Science, pages 181–193. Springer, 2003. ISBN 3-540-

00607-9.

9



[47] Richard T. Wright and Scott H. Decker. Burglars on the Job: Streetlife and Residential Break-ins.

Northeastern University Press, Boston, 1996.

10


