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 The use of simulation techniques applied to urban 
change/growth problems 

 candidate’s background in Civil Engineering and Urban 
Planning 

 research subject that focus on the use of quantitative 
approaches to urban studies 

 The use of CA still has significant subjects that need further 
research 

 CA are usually applied to large regional or metropolitan 
areas  

 there is still little work done on multi-scale approaches 
using CA  

 the integration of local scale CA with a macroscopic model 
of urban growth  

 use of irregular cells is also a topical line of research 

 variable  neighbourhoods have a great potential of 
improving representativeness in multiple scales 

Motivation [1] 

1. Introduction 
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 Possibility of working on set of modular tools designed for 
simulating land use and transportation systems and 
assessing accessibility and land use demand 

 Possibility of doing research on calibration using 
optimization-based approaches 

 The possibility of developing theoretical and applied research 
on urban phenomena and simulation 

 the possibility of combining theoretical research and model 
development in urban modelling  

 the possibility of exploring the simplicity of the CA 
modelling concept as a feature to promote model use 

Motivation [2] 

1. Introduction 
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 To gain a comprehensive knowledge on the current state-of-

the-art on urban modelling as a feasible toolkit in urban 

studies in general; 

 To gain a comprehensive knowledge on the current state-of-

the-art on the use of CA models in urban modelling; 

 To identify the most challenging gaps in the research on the 

use of CA models from the knowledge amassed from the two 

previous objectives; 

 To develop further the research on some of the components 

of the CA modelling concept, namely scale, the definition 

of cells, the definition of neighbourhood, the formulation of 

transition rules and the use of calibration; 

 To explicitly consider accessibility as an endogenous 

variable of the CA model, creating a fully-fledged land use 

transport interaction model using the CA concept;  

Research 
Objectives [1] 

1. Introduction 
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 To develop and test different CA models that aim to simulate 

better different contexts of land use change, considering the 

different spatial interactions that occur at different scales with 

different degrees of representativeness; 

 To develop and apply a microscale CA model aimed at 

simulating land use change at the local scale; 

 To develop and apply a macroscale CA model aimed at 

simulating the regional/metropolitan spatial interactions of 

the main drivers of land use change; 

 To develop an integrated, multiscale CA-based modelling 

tool that simulates spatial phenomena at the multiple scales 

in which each of the phenomenon occur to increase model 

representativeness. 

Research 
Objectives [2] 

1. Introduction 
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 Research is focused on the development and testing of 
modelling tools based on cellular automata models to 
simulate urban growth.  

 Using a straightforward methodology: 

1. Starting with a comprehensive knowledge of the state-of-
the-art that draws the foundational and current bodies of 
literature  

2. Full understanding of the main topical issues in both urban 
and CA modelling, while illustrating the current gaps in their 
theory  

3. Informing the definition of the main research aims  

4. Model conceptualization and development through an 
evaluation of different modelling options that are related to:  

 data requirements and availability; 

 representativeness; 

 user interaction; 

 and model performance. 

Methodology 
[1] 

the research aims to keep the 
models under a strict cellular 
automata formulation 

 remember 

1. Introduction 
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 Using a straightforward methodology (cont): 

5. These options are made considering the existent 

methodologies that are validated by the literature, to which 

innovation is added in the areas that this research is 

exploring some of the identified gaps; 

6. Finally, models are tested using a series of hypothetical 

instances and real world case studies to evaluate their 

performances; 

7. Case study selection is made based on the criteria of 

availability and pertinence. 

Methodology 
[2] 

the research aims to keep the 
models under a strict  CA  
formulation 

 remember 

1. Introduction 
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Data pre-
processing with 
GIS Methodology 

[3] 

1. Introduction 

 software development 

programmed in Visual Basic 6 

using Microsoft Windows OS 

with Pentium to dual core 
processors 

using GIS for pre- and post-
processing datasets 

Modelling 
with CA 

Data post-
processing 

with GIS 
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Methodology 
[4] 

1. Introduction 
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 Urban models started to be developed intensively in the 
1950s 

 Large scale modelling was one of the most prolific research 
areas in the 1960s 

  Dougrass Lee, 1973; “Requiem for Large Scale Modeling” 
– the paper launched the discussion about the theoretical 
and operational validity of large scale integrated models 

  Led to a period of stagnation on urban modelling in the 
1970-1980s, only ended by the democratization of cheap 
computation 

 Only with the dissemination of cheap computation in the 
1980s – both in terms of processing speeds and database 
management – urban modelling started to make real use of 
more complex technics 

 1970s also marks the tension between planners e 
modellers – planning focused on small scale, 
neighbourhood and community level planning and 
modelling kept focusing on large scale systems 

Urban 
Simulation [1] 

2. Modelling and Urban 
Studies 



12 

 Lee (1973), enumerated 7 sins to large scale modelling in 
the 1970s 

 Hypercomprehensiveness, too much to model 

 Wrong-headedness, too many models, interdependence, 
constraints 

 Hungriness, too much need for data  

 Complicatedness, models are too complicated, black 
boxes 

 Grossness, to much aggregation 

 Mechanicalness, resistance to increasingly more 
specialized computation 

 Expensiveness, too much money for value involved 

Urban 
Simulation [2] 

2. Modelling and Urban 
Studies 

Lee, D. B. (1973) Requiem for 
Large-Scale Models. Journal of 
the American Institute of 
Planners, 39(3), 163-178. 

 from a key paper on urban 
modelling 
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 Tension between planners and modellers 

“Models are based on science; planning is about policy. 
Models are much better (…) at dealing with natural science 
problems; planning is mired in difficulties most often due to 
issues in the purview of social sciences. Models are usually 
developed from within particular disciplinary perspectives; 
planning must integrate across all domains. Models are 
about information and facts; planning is about interpretation 
and values. (…) Models codify uncertain knowledge; 
planning must lead to certain action. (…)” (Couclelis 2005) 

 The interaction between planners and modellers is 
instrumental for giving credit to a “science of modelling” to 
the planning practice 

 High resolution simulations brought new perspectives in 
this relationship 

Urban 
Simulation [3] 

2. Modelling and Urban 
Studies 

Couclelis, H., 2005, "Where has 
the future gone?" Rethinking the 
role of integrated lad-use models 
in spatial planning." Environment 
and Planning A 37: 1353-1371.  

 from a seminal paper on CA 
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 Tension between planners and modellers 

 Applicability must be a major (if not “the”) goal of any urban 
simulation model, to promote the necessary scientific 
validation of the approach  

 Modellers must accept that “scientific planning” is more 
than just develop and apply models 

 At the same time, planners should understand the 
possibilities of having new, more sophisticated methods to 
assist planning processes 

 Shift of modelling paradigms – incorporation of 
stakeholders’ values in the models  

 Incorporation of policy testing/evaluation 

 Bringing models closer to the qualitative approaches used 
in common urban planning 

Urban 
Simulation [4] 

2. Modelling and Urban 
Studies 
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Models and 
Complexity 

2. Modelling and Urban 
Studies 

Agarwal, C., G.M. Green, J.M. 
Grove, T.P. Evans and C.M. 
Schweik. 2002. A review and 
assessment of land-use change 
models: dynamics of space, time, 
and human choice. U.S 

 from a  review paper in 
modelling 

 Agarwal et al. (2002) 
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 Hypercomprehensiveness, too much to model, valid but 
tackled with processing and database capacities 

 Wrong-headedness, too many models, interdependence, 
constraints, valid but tackled with processing and 
database capacities 

 Hungriness, too much need for data, valid, mainly 
because of generalization of the models, but tackled 

 Complicatedness, models are too complicated, black 
boxes, always valid! 

 Grossness, to much aggregation, tackled 

 Mechanicalness, resistance to increasingly more 
specialized computation, tackled, many options to 
program understandable models 

 Expensiveness, too much money for value involved, 
tackled but…  

Back to Lee’s 
Criticisms 

2. Modelling and Urban 
Studies 

Lee, D. B. (1994) Retrospective 
on Large-Scale Urban Models. 
Journal of the American Planning 
Association, 60(1), 35-40. 

 already in discussion in the 
mid-1990s 
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 The concept of Cellular Automata (CA) has its origins in the 
work of von Neumann and Ulam, two mathematicians that were 
facing (independently) the problem of devising mathematical 
rules for biological systems and evolution 

 Automata comes from the consideration of theoretical 
mechanisms capable of universally process any given code 
(defined by a set of states) – the Universal Turing machine 

 Important dates 

 1940s – pioneer work of von Neumann and Ulam 

 1970 – Conway’s Game of Life 

 1979 – “Cellular Geography”, Waldo Tobler 

 1980s – Stephen Wolfram’s work on CA (mathematical 
approach, wide set of applications) 

 1985 – dissemination of Geographical CA, Helen Couclelis, 
Mike Batty, Roger White 

 1990s, 2000s – Intensive research on Geographical/Urban CA 

Definition and 
Historical 
Timeline [1] 

this new breath in the research on 
CA in the mid-1980s is 
contemporary of personal 
computers, fast database 
processing, and GIS 

 technology 

3. Cellular Automata in 
Urban Simulation 
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Definition and 
Historical 
Timeline [2] 

 Waldo Tobler introduced the concept of cellular models to 
geography 

 He stated the first law of geography – “Everything is related 
with everything else but near things are more related than 
distant things” 

 Tobler (1979) 

the importance of the “First Law 
of Geography” to CA will be 
explored 

 key concept 

3. Cellular Automata in 
Urban Simulation 

Tobler, W. (1979) Cellular 
geography. In: GALE, S. & 
OLSSON, G. (eds.) Philosophy in 
Geography. Boston, D. Reidel, 
379-386. 

 from a seminal paper on CA 
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Mathematical 
Formulation 

 “…an automaton is a processing mechanism with 
characteristics that change over time based on its internal 
characteristics, rules and external input…” (Benenson and 
Torrens, 2004) 

Mathematical formulation of a 2D CA 

{ }NSSSS ,...,, 21=),( TSAt ←

Each cell A (an automaton) is defined by a given state from a 
finite set of cell states S and evolves in time according to a set 
of transition rules T, considering an external input I 

( ) 1,: +→ ttt SIST ),(1 TSAt ←+

If we consider the neighborhood R of cell A and the cross 
influence of every cell state of every cell in R in the state of A 
than we have the definition of CA 

{ }NSSSS ,...,, 21=),,( RTSAt ←

( ) 1,: +→ ttt SIST ),,(1 RTSAt ←+

3. Cellular Automata in 
Urban Simulation 

 Tobler (1979) 

 Tobler’s CA 
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 Five components 

 Cell and Cell Space (1) 
 Neighbourhood (2) 
 Cell States (3) 
 Transition Rules (4) 
 Time (5) 

 Classic (mathematical) approach 

 1D (vector), 2D (matrix) cell space 
 Predefined, continuous cell neighbourhood 
 Binary cell states 
 Probabilistic transition rules 

Concept 

CA was a tool developed and 
used mainly in Mathematics and 
Physics, and experienced a boost 
with the work of Stephen Wolfram 
in the 1980s 

 foundations of CA 

AA A

S

AA

S

A

AA A

A

D

D

A

AA A

A

A

A A

B

A

(1) (2) (3) (4) (5) 

3. Cellular Automata in 
Urban Simulation 

 Wolfram (1984) 
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Relaxations 

Couclelis, H., 1997, "From cellular 
automata to urban models: New 
principles for model development 
and implementation“, 
Environment and Planning B: 
Planning and Design 24(2) 165-
174 

 from a seminal paper on CA 

3. Cellular Automata in 
Urban Simulation 

  
Couclelis (1997) 
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Model 
Formulation [1] 

4. A First Cellular 
Automata Model 

CA 
Component 

Traditional 
models This Model 

Cell and  
Cell Structure 

Neighbourhood 

Cell States Binary state 

Transition 
Rules 

Time 

the classic approach 

 1D (vector), 2D (matrix) cell 
space 

 regular cells, pixels 

 predefined, continuous cell 
neighborhood 

 binary cell states 

 probabilistic transition rules 

 traditional CA concept 

t 

1
)(

+ → t
Pf

t SS ( ) 1,: +→ ttt SIST
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 State transition occurs following the variation of the 
transition potential for each cell at each time step, that takes 
into account three components 

 Accessibility 

 

 

 

 Land Use Suitability – binary variable (admissible 1, non-
admissible 0) 

 Neighborhood effect 
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4. A First Cellular 
Automata Model 
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 Approach – Using contingency matrixes for comparing two 
categorical maps – reference LU map in final year and 
simulated LU map for final year 

 Measure – a modified kappa index (kmod), to reduce the 
distortion induced by non-changeable cells: only cells that are 
able to change state were accounted 

{ }R
mmn

mmmn
k

i j j
jiij

i j j
jiij

i
ii

mod /, *

2

SS

S* S* S*

S* S* S*S* =









×−









×−

=

∑ ∑ ∑

∑ ∑ ∑∑

∈ ∈ ∈

∈ ∈ ∈∈

s is the total number of cell states 

Modeled map 1 2 … j … s
1 m11 m12 … … … m1s

2 m21 m22 … … … m2s
… … … … … … …

i … … … mij … …

… … … … … … …

s ms1 ms2 … … … mss

Reference map

Model Fitness 

4. A First Cellular 
Automata Model 

 level of agreement 
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 Very high complexity – there are many (up to 48) calibration 

parameters that are highly interdependent 

 Calibration is based on an optimization procedure that uses 

an algorithm called Particle Swarm 

 PS is inspired on the flight of bird flocks: starting from an 

entirely random distribution in space birds organize 

themselves behind a leader in a stable flight formation where 

their relative position and velocity are maintained through time 

 The search of the solution space (the possible flight 

formations) for the optimum set of calibration parameters is 

made within the PS algorithm by adjusting the trajectories of 

sets of calibration parameters called particles (the birds) 

Model 
Calibration [1] 

4. A First Cellular 
Automata Model 
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© Andreas Trepte, www.photo-natur.de 

4. A First Cellular 
Automata Model 

Model 
Calibration [2] 

© Walter Baxter, CC BY-SA 2.0 



27 

 Individual Position Vector 

 Individual Velocity Vector 

 Best Individual Position 

 Best Swarm Vector 

 Individual Velocity Update 

 Individual Position Update 

 PS calibration parameters (ω, c1, c2) were taken from the 

literature, sensitivity tests were conducted 

( )TiDiii xxxX ,...,, 21=

( )TiDiii vvvV ,...,, 21=

( )TiDiii pppP ,...,, 21=

( )TgDggg pppP ,...,, 21=

( ) ( )t
i,d

t
g,d

tt
i,d

t
i,d

tt
i,d

t
i,d xprcxprcωvv −+−+=+

2211
1

1
,,

1
,

++ += t
di

t
di

t
di vxx

Model 
Calibration [3] 

4. A First Cellular 
Automata Model 

 PS has a very simple formulation that deals only with 

position and speed of the particles 
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 typical behaviour of some 
parameters during calibration 

Model 
Calibration [4] 
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#08 #14 #15 #19

 20 test instances were randomly generated to simulate 
plausible spatial structures 

 Several features were taken into account:  

 instance size 

 number of settlements 

 number of cells 

 population and employment densities 

Test Instances 

4. A First Cellular 
Automata Model 
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Final Land Use Map Initial Land Use Map 

Reference  
Test Instance 
#11 [1] 

4. A First Cellular 
Automata Model 
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Final Land Use Map (Simulation) Final Land Use Map (Reference) 

Simulation 
Test Instance 
#11 [2] 

4. A First Cellular 
Automata Model 

kmod 0,811 
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Quality of the 
Calibration [1] 

4. A First Cellular 
Automata Model 
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Model 
Formulation [1] 

5. A Micro-Scale Cellular 
Automata Model 

CA 
Component 

Traditional 
models This Model 

Cell and  
Cell Structure 

Neighbourhood 

Cell States Disaggregated sets of 
land uses 

Transition 
Rules 

Time 
t 

1
)(

+ → t
Pf

t SS ( ) 1,: +→ ttt SIST
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 State transition occurs following the variation of the transition 
potential for each cell at each time step, that takes into account 
three components 

 Accessibility, considering uncongested roads for car mode 
only 

 

 

 

 Land Use Suitability – binary variable (admissible 1, non-
admissible 0) 

 Neighborhood effect 

 

 
 

 

 

 
{ } SCVC i

V
∈≤∈=∈∀= ∑

∈

rsdjiNN ij
j

rjsisi
i

,,:,,,,, δ

C∈∀×+×+×= ∑ iDDDT
i

IiAViACiAi ,* ,,, γβα









≤∈∈∀×














−=

otherwise;0

if;,,,,1 max
,

max
,max

,

,
,|, rsijrs

rs

ji
rjsi ddrsjiN

d

d
N SC

(a) Attraction  

-1

-0,5

0

0,5

1

0 1 2 3 4 5 6

Distance (km)

N
i,s

|j,
r

 

 (b) Repulsion

 
-1

-0,5

0

0,5

1

0 1 2 3 4 5 6

Distance (km)

N
i,s

|j,
r

( )
( )

C

C

∈∀−=

∑
∈

i
Tf

TfA

i
i

i
i ,1

*

*

 spatial interaction 

δ 

δ 

5. A Micro-Scale Cellular 
Automata Model 

Model 
Formulation [2] 
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 Transition Potential (non-normalised) 

( ) SC ∈∈∀××+×+×= siNASP siPiPsiPsi
,,,,

*
,

ξθχν

5. A Micro-Scale Cellular 
Automata Model 

Model 
Formulation [3] 
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Case Study [1]: 
Coimbra  

Reference Map 1991 Reference Map 2001 

 where is Coimbra located 

PORTUGAL in Portugal 

in the 
NUT II  
Centro 
Region 

5. A Micro-Scale Cellular 
Automata Model 
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Reference Map 2001 Simulation Map 2001 

kmod 0,767 

the model was able to achieve a 
very high level of agreement as it 
happened for other case studies 

 in line with test instances 

5. A Micro-Scale Cellular 
Automata Model 

Case Study [2]: 
Coimbra, Model 
Calibration  
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2001-2011 2011-2021

Population +3% +2%

Employment +2% +2%

Growth Rates 

Anel Baseline 

very simple scenarios where 
designed to illustrate potential use 
in context of data scarcity and 
small planning capacities (e.g. 
small planning deps. in small 
municipalities) 

 scenario design 

5. A Micro-Scale Cellular 
Automata Model 

Case Study [3]: 
Coimbra, 
Alternative 
Scenarios 
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Case Study [4]: 
Coimbra, 
Baseline [1] 

Reference Map 2001 Simulation Map 2011 

5. A Micro-Scale Cellular 
Automata Model 
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Case Study [4]: 
Coimbra, 
Baseline [2] 

Simulation Map 2011 Simulation Map 2021 

5. A Micro-Scale Cellular 
Automata Model 
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Case Study [5]: 
Coimbra,  
Anel [1] 

Reference Map 2001 Simulation Map 2011 

5. A Micro-Scale Cellular 
Automata Model 
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Case Study [6]: 
Coimbra,  
Anel [2] 

Simulation Map 2011 Simulation Map 2021 

5. A Micro-Scale Cellular 
Automata Model 
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Baseline Sc 

Simulation Map 

2021 

Anel Sc 

Simulation Map 

2021 

Case Study [7]: 
Coimbra, 
Scenario 
Comparison 

these results were used on a 
workshop with elected and 
planning officials and were quite 
useful to generate discussion 
over investment scenarios and 
their implications in future land 
use 

 usability test 

5. A Micro-Scale Cellular 
Automata Model 
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Model 
Formulation [1] 

6. A Macro-Scale Cellular 
Automata Model 

CA 
Component 

Traditional 
models This Model 

Cell and  
Cell Structure 

Neighbourhood 

Cell States Disaggregated sets of 
land uses 

Aggregated land 
available for 
urbanisation 

Transition 
Rules 

Time 
t 

1
)(

+ → t
Pf

t SS ( ) 1,: +→ ttt SIST
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Model 
Formulation [2] 

6. A Macro-Scale Cellular 
Automata Model 

Run
Cellular 

Automata

Input Data

Yes

Swarm 
Initialization

Testing CA result 
Retrieving 

Particle’s Lbest 
and Gbest

Optimal solution or stopping 
criterion reached?No

Update swarm’s 
position and 

velocity

m←m+1
PS Iteration m

Output results END

 calibration 
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 fitness function 

 Transition potential (non-normalised) 

 with a representing the order of the neighbourhoods, a=2 for 
first order neighbours and a=1 to second order neighbours and 
a=0 for all other cells 
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Normalised transition potential, normalised by a logit function 
to avoid the model to be greedy towards larger cells with much 
greater potential 
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Case Study [1]: 
Metropolitan 
Area of 
Barcelona 

6. A Macro-Scale Cellular 
Automata Model 

 MAB has 164 municipalities and 3251 km2 of area with 
significantly different dynamics  

Unit 1991 2001 Variation (%)

Artificialised Land km2 594 653 +9.9

Population Millions 4.299 4.372 +1.7

Employment Millions 1.577 1.954 +23.9
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Case Study [2]: 
MAB, 
Distribution of 
Population, 
Reference 

6. A Macro-Scale Cellular 
Automata Model 

Reference 
1991, 
inhabitants 
per hectare  

Reference 
2001, 
inhabitants 
per hectare  
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Case Study [3]: 
MAB, 
Distribution of 
Employment, 
Reference 

6. A Macro-Scale Cellular 
Automata Model 

Reference 
1991, 
employments 
per hectare  

Reference 
2001, 
employments 
per hectare  
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Case Study [4]: 
MAB, 
Urbanised 
Area, 
Reference 

6. A Macro-Scale Cellular 
Automata Model 

Reference 
1991, 
urbanised 
area, % 

Reference 
2001, 
urbanised 
area, % 
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Case Study [5]: 
MAB, 
Urbanised 
Area, 
Simulation 

6. A Macro-Scale Cellular 
Automata Model 

Reference 
2001, 
urbanised 
area, % 

Simulation 
2001, 
urbanised 
area, % 

kappa, 0,427 
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Case Study [6]: 
MAB, 
Urbanised 
Area, 
Simulation 

6. A Macro-Scale Cellular 
Automata Model 

Simulation 
2001, 
urbanised 
area, % 

Difference 
Simulation to 
reference 
2001, 
urbanised 
area, % 
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Case Study [7]: 
MAB, 
Distribution of 
Population, 
Simulation 

6. A Macro-Scale Cellular 
Automata Model 

Reference 
2001, 
inhabitants 
per hectare  

Simulation 
2001, 
inhabitants 
per hectare  
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Case Study [8]: 
MAB, 
Distribution of 
Employment, 
Simulation 

6. A Macro-Scale Cellular 
Automata Model 

Reference 
2001, 
employment 
per hectare  

Simulation 
2001, 
employment 
per hectare  
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 The model couples the micro- and the macro-scale models 
presented before 

 To simulate separately spatial interaction at the micro- and 
the macro-scales 

 And to incorporate different 

 neighbourhoods  

 transition rules 

 meaning different spatial interaction patterns 
there are no multi-scale CA 
models reported in the literature 
to date 

 innovation  

7. A Multi-Scale Cellular 
Automata Model 

Conceptual 
Model [1] 

Traditional 
Approach 

Multi-scale 
Approach 

Local-scale CA, One regional 
problem 

Regional-scale CA, 
One regional problem 

Local-scale CA, Local problems 

Land use 
demand 
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Macro-Scale CA 

Micro-Scale CA 

t 

t 

t
0 

t0+10 
t0+5 

t0 t0+10 t0+5 t0+1 

Planning Scale 

D
yn

∆L
U
 In

pu
t 

M
ul

tiS
ca

le
 C

A 

LU Dynamics 

Time step t: f(P;E;A;AvLandP,AvLandE)  

Plan∆LU 

Time step t: f(A;N;S;Other) | Plan∆LU 

LU Allocation 

7. A Multi-Scale Cellular 
Automata Model 

Conceptual 
Model [2] 

Operating with census tracts, 
local accessibility and land 
consumption disaggregated by 
land use 

 micro-scale 

Operating with administrative 
units, regional/metropolitan 
accessibility and land 
consumption aggregated at the 
municipal level 

 macro-scale 

 Calibration of the micro- and macro-scale problems are done 
by the previous models independently 

 simultaneous calibration was tested with bad results in 
terms of achieving acceptable levels of agreement 

 Model uses best set of calibration parameters to do 
prospective simulation in the coupled macro-scale 
configuration 
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7. A Multi-Scale Cellular 
Automata Model 

Case Study [1]: 
Metropolitan 
Area of 
Barcelona 

 MAB as the macro-scale case study 

With 3 municipalities as micro-scale case studies 

 Barcelona, spearhead of MAB 

 Mataró, coastal municipality that illustrates the current 
pressure in Catalonian and Spanish urbanisation 
processes 

 Terrassa, dynamic large municipality in the inner periphery 
of MAB 
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7. A Multi-Scale Cellular 
Automata Model 

Case Study [2]: 
MAB,  
Micro-scale 
Case Studies 

Barcelona Mataró Terrassa 
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M
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kMod 0,746 kMod 0,632 kMod 0,687 
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7. A Multi-Scale Cellular 
Automata Model 

 Macro-scale case, MAB 

Case Study [3]: 
MAB, 
Macro-scale 
Case Study 

Reference 
1991, 
urbanised 
area, % 

Reference 
2001, 
urbanised 
area, % 

Simulations 
2001, 
urbanised 
area, % kappa, 0,427 
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Terrassa 2011 

Mataró 
2011 

Barcelona 
2011 

7. A Multi-Scale Cellular 
Automata Model 

Case Study [5]: 
MAB, 
Prospective 
Simulation 
2011 

Population 
2011 

Aggregated Land Use 2011 

Employment 
2011 

2001-2011 2011-2021

Population 8% 2.50%

Employment 12% 4%

Accessibility 
(Infrastructure)

Same conditions across 
MAB

 growth scenario 
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Population 
2021 

Aggregated Land Use 2021 
Terrassa 2021 

Mataró 
2021 

Barcelona 
2021 

7. A Multi-Scale Cellular 
Automata Model 

Case Study [6]: 
MAB, 
Prospective 
Simulation 
2021 

Employment 
2021 

2001-2011 2011-2021

Population 8% 2.50%

Employment 12% 4%

Accessibility 
(Infrastructure)

Same conditions across 
MAB

 growth scenario 
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 All models developed 

 kept the formulation of the CA concept 

 kept the simplicity of the CA concept 

 illustrate the possibilities of applying CA for simulating 
urban change at multiple scales 

 The use of a CA model at a macro-scale is feasible although 
still requiring further research 

 On the CA components  

 the use of irregular cells proved feasible at both scales 

 variable neighbourhoods also proved to be feasible 

 calibration based on optimization procedures proved 
useful to deal with high level of complexity of the model 

 The full incorporation of a transport model based on 
accessibility proved feasible to develop a true LUT modelling 
approach using CA 

Meeting the 
Research 
Objectives 

8. Conclusions 
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 Computational issues played a critical role in the research  

 programming architecture 

 technology used 

 lack of object-oriented structure 

 lack of visualisation capacities 

 The use of aggregated data, especially at the macro-scale 

reduced the capacity of the model to capture the more fine 

grain dynamics of urban change 

 The unpromising results of a simultaneous calibration at 

micro- and macro-scales 

 Difficulty of creating a one-design-fits-all model that can be 

applied in all contexts due to highly variable data structures 

in different planning contexts 

Limitations  
of the  
Research 

8. Conclusions 



64 

 New implementation of the models in a more computational 
efficient platform 

 with interoperability (r, python) 

 object oriented structure 

 open to different model approaches 

 visualisation tools 

 Development of a fully fledged decision support system 
based on CA 

 coupling with other modelling concepts 

 development of the LUT component with more integration 
of the transport model 

 Research on CA 

 scale 

 irregular cells 

 variable neighbourhood 

 transition rules 

Future  
Avenues of 
Research 

8. Conclusions 



Multi-scale integrated cellular 
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