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Abstract

It is of major importance that urban growth occursaiplanned way, maximizing the benefits for
urban population while minimizing both environmental and economical cb&.rdquires accurate

and realistic estimations of the urbanization precasdthis is whaturban modelsdo. The term
modeling refers to creating a strictly defined agalif real world by subtractiomnd provides
simulations and future projections under identifiable assumptions to suggest what the future might be
like.

Nevertteless there is no rigorous framework for modeling such a sgatigporal phenomenon
as urban growth since there lies great inherent spatial, temporal and dewgiog heterogeneity,
which results from socieconomic andhistorical heterogeneity itselfApparently, our knowledge, is
not really describing urban growth dynamics in general, but instead the part of the urban growth
dynamics that have already occurred and hbeen observed and experienc&dhat is more,
knowledge about the operational scg)ebf urban form and process, and the interaction and
parallelismamong different scales, is pogartially due to theecurring problem of lacking spatially
detailed dataApart from dealing witlthe above mentioned issuésr a model to be useful it shld
not only provide accurate estimations but also express both its results and its methatasions,
interactions and assumptionsn an open, visible, explicit and comprehensible way in order to be

chalenged by knowledgeable people.

For these rasonsa modeling framework has bedavelopedCaFe(Cellular Automata Fuzzy
Enging whose goal is to:

91 Be reliable and realistic. This means to provide accurate estimations for the future urban

cover and reproducsfficiently the spatietemporal patternsf the urban growth dynamics
1T Be open and adaptable to the userds require

0 describethe modets mechanismsand the workflow in simple andcomprehensible

termsand

0 support the population of alternative scenarios

vi
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9 Beeasyto useandresilientto the case study limitations, more specifically to:
0 sustain a genericevsatile form, disengaged from sevdega limitationsand
0 use knowledge base in such form that it can be reduced or extended

The proposedmodelis rule-based and supports speténporal rules that may be either data
driven or empirical. As a result, the knowledge base may fit better to reality allowing the user to
overcome possible data limitatioris which lead to lacking of specific knowledge by using
exogenous knowledge adaptedthe model according to empirical similarity patterns. What allows
the desired objective® be accomplished the combination othe descripve strength of Fuzzy
Logic and the computational stngth of Cellular Automata

The modelappliesan innovatve workflow to connect the input and the outpuatriables All
input variables are merged in a single thematic layerirbanization suitabilitg which defines the
potentials of each area tievelop To do so,the modelutilizes SensitiveSum a new fuzzy operator
that is developedto employ adynamic parallel connection between the effects of separgiat
variables while taking into account thetatisticalcorrelation. As a resylthe modeldoes not require
certain variables/data to run while mplements a reducible/extensible form of Knowledge Base

which can include both datiriven and empirical rules.

The simulation engine is separated by the suitabdijculator and incorporateadvanced
Cellular Automata techniguesThese techniques applgpatictemporal multiradius transition
functions andsupportaction in distance Speci fi call vy, on top of the
CaFe introducedirectional cellular automatand adoptpseudeagent behaviar

CaFe is appliedih the broader r@a of Mesogia in east Attica (AthensGreece)using real data
for 1988, 20000 U2007.More specifically, the modelwas structuredand calibratedfor 19882000
and was applied f®20002007a U19882007.During theseperiods urbancovergrew by 66%, 66%
and200%respectively, composing thus a challenging case study. Neveril@ésmsnanageso map
urbancoversuccessfullyand toefficiently simulate urban growth while scoring higiting indicators

and retaining a stablerage error.

Keywords: urban growth, cellular automatdirectional cellular automatagpatioctemporal multi

radius transitia function,fuzzy logic& fuzzy systen, sensitive sum fuzzy operator
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