






ism which have beenintroducedby urbanmodellersin a bid for realism(seealso

White1998).Wesuggestin section4 thatmany of theseoperationalvariationsmay

beseenasresponsesto therepresentationalissueswehav



purposes.The combinationof their activities is what causes‘state transitions’.

Seenin this light, it maybe difficult to justify a purestatetransitionapproachto

rulesin acellularlandusemodel.Rulesmustbeunderstoodassomehow embody-

ing all this humanactivity. This raisesthequestionof why humanagentsarenot

explicitly represented,andsuggeststhat agent-basedapproachesmay sometimes

bemoreappropriate.Therearecasesin which cell transitionrulesmaybeappro-

priate,themostobviousbeingtraffic simulation(Chopard,Luthi & Queloz1996,

Nagel& Schreckenburg 1992,Wahle,Neubert& Schreckenburg 1999)wherecells

are‘vehicle-sized’segmentsof road,andcell statesrepresentoccupancy by vehi-

cles. Significantly, this is a realmwherehumanautonomyis stronglyconstrained

by rulesof theroadandthespatial



structuresin theurbancasemayoffer significantinsightsfor theuseof CA in other

domains,wheresimilar observationsapply.

2.3 Time in CA models: synchronous and asynchronous update

Therepresentationof timein CA modelsisalsoof interest.Discretised‘time-steps’

areatoddswith thefluidity of temporalactivity in reality, andthesynchronousup-

dateof cell statesis clearlyquestionable.Experimentswith asynchronousupdate

of cell statesin abstractCA suggestthat the dynamicimplicationsof departure

from synchronousupdatemaybesignificant(Bersini& Detours1994).This sug-

gestionis supportedby findingson pathdependency andlock-in, which have re-

ceived muchattentionin economics(Arthur 1989),andwerealsocentralto the

early transferof ideasfrom complexity scienceto regional modelling (Allen &

Sanglier1979),but may be missedin any straight-forward applicationof CA to

urbansimulation.

Therearealsodifficult questionsto be answeredaboutthe representationof

eventsat many differenttemporalscales.Thetreatmentof time in rigid CA raises

problemsfor their applicationto the simulationof urbansystems.In particular,

questionsaboutthespatio-temporalscaleof modelsareraised,which aredifficult

to answerwithoutcircularreferencebackto thetransitionrules—346 -169i8e m2 0 Td(the)Tj
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ratherthanindustrial,for example).However, it canbedifficult to reduceall of the

activity in an urbancell to a singlediscretedescription.This is particularlytrue

of relatively coarsegrids (at say100m



3.3 Non-regular lattices

In practice,few urbanCA modelsretaina spatiallystationarylattice. The issue

of regularity is often addressedconservatively by the introductionof ‘fix ed’ cell

states.Bodiesof waterandundevelopablelandareobviousexampleswhicheffec-

tively introduceirregularity andasymmetry(Clarke et al. 1997,White & Engelen

1997). Fixed cells may alsobe introducedto ‘protect’ the model from edgeef-

fects(White et al. 1997). Traffic modelsdeliberatelyemploy non-regular lattices

becausethe traffic system’s spatialstructureis non-regular (Chopardet al. 1996,

Nagel& Schreckenburg 1992,Wahleet al. 1999). The kind of object-basedcell

suggestedin section2.1naturallyleadsto asymmetricandnon-regularlatticestruc-

tures,andtheresultingmodelslie somewherebetweenCA andbooleannetworks

(Kauffman1984),albeitwith spatiallystationaryrules.

3.4 Asynchronous transition rules

Truly asynchronouscell updatein urbanCA is unusual.However, somemodels

incorporateformsof asynchronousdeterminationof cell statechangesinto a syn-

chronouslyupdatingframework. In the work of Portugali(2000)on intra-urban

migration,queuesof agentswhowish to enteror leave thecity aresequentiallyal-

locatedto available‘properties’.Similarly in modelsof landusedynamics(White

& Engelen1993,1997,White et al. 1997),a CA sequentiallydeterminesthespa-

tial allocationof landusetransitions,determinedoutsidethemodel. In boththese

cases,thedeparturefrom synchronousoperationis partlyaresponseto thefactthat

the region is embeddedin a wider world, andis not a closedsystem.In another

example,Wu (1999) introducesasynchronousoperationasa fundamentalaspect

of thesystemdynamics,whenherelatesa modelof urbandevelopmentdrivenby

the appearanceof ‘investmentniches’, to the notion of self-organisedcriticality.

Whatever themotivationfor introducingasynchronouscell update,thefundamen-

tal dynamicsof suchsystemsarenotatall clear





“all thesimplifying assumptionsof thebasiccell-spacemodelcouldberelaxedin

principle: in practiceof course,the resultwould be forbiddingly complex.” She

wassuggestingthat oneof the attractionsof CA is thepotentialthey provide for

insightsinto the relationshipsbetweenprocessesat local scalesandstructuresat

globalscales.Suchinsight,apartfrom its pedagogicvalue,alsoraisesthepossibil-

ity of adeeperunderstandingof thefundamentaldynamicsof spatialsystems.But,

asCouclelis’s remarkindicates,any insightswhich might beobtainedarerapidly

cloudedby theevermorecomplicatedrefinementof additionalmodelelements.

Thereis no obvious simpleway aroundthis dilemma,but we wish to tenta-

tively suggestanapproachwhichwehopeto developin moredetailover time. The

reasonthattheCA formalismhasexertedsuchfascinationin somany fields,is its

high level of generality. Whenit comesto applyingtheformalism,however, “it is

necessaryto usemorecomplex CA” (White 1998,page112),with a resultingloss

in generalityof the insights,but a gain in thedirectapplicabilityof themodelsto

realsystems.Oneresponsemightbefor thoseinterestedin exploringthedynamics

of spatialsystemsin moregeneralways,to developsomewell-defined,specificde-

parturesfrom theCA formalism.A preliminarylist of possibilitiesmight include:

� Strict formal CA with a small family of geographical process rules Theoret-

ical explorationof the behaviour of urbanCA would be muchassistedby

agreementon a limited setof typical processruleswhosebehaviour could

thenbethoroughlyexploredandcharacterised.Segregation,growth, aggre-

gationanddiffusionprocessesareobviouscandidates.

� Cellular models with irregular lattice structures This conceptis foreshad-

owed by Takeyama& Couclelis’s (1997) Geo-Algebra,and brought into

clearerfocusby thegraph-basedCA (O’Sullivan forthcoming).Suchmod-

elsmightalsobecapableof modifyingtheir latticestructureasaresponseto

neighbourhoodstates(Semboloniforthcoming,haspresentedanexample).

� Agents in cellular models The rulesof a CA in anurbansystemultimately

reflectthebehaviour of varioushumanagents,andin many casesmodelling

theagentsthemselvesseemsmoreplausible.Portugali’s (2000)FreeAgents

in CellularSpacemodelis a workingexampleof thisapproach.

� Asynchronous cell update The limitation of CA modelsto synchronousup-

dateis problematic,andresearchinto alternativesis required.Onepossibil-

ity seemslikely to beusingPetrinetsin thedefinitionof cell transitionrules
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(seeGronewold & Sonnenschein1998).

The purposeof focusingon particularvariantsandextensionsof theCA for-

malismis to enableresearchinto thegeneralspatialdynamicsof suchsystems,so

thatsomeof thepotentialfor insight






