
HAL Id: hal-00767186
https://hal.science/hal-00767186

Submitted on 7 Jan 2013

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Modelling urbanization to simulate prospective
scenarios : a comparative approach

Jean-Philippe Antoni, Pierre Frankhauser, Cécile Tannier, Samy Youssoufi

To cite this version:
Jean-Philippe Antoni, Pierre Frankhauser, Cécile Tannier, Samy Youssoufi. Modelling urbanization
to simulate prospective scenarios : a comparative approach. International Conference of Territorial
Intelligence, Huelva 2007. Papers on territorial intelligence and governance, participative action-
research and territorial development, Oct 2007, Huelva, Spain. pp.277-295. �hal-00767186�

https://hal.science/hal-00767186
https://hal.archives-ouvertes.fr


PAPERS ON TERRITORIAL INTELLIGENCE AND GOVERNANCE 
PARTICIPATORY ACTION-RESEARCH AND TERRITORIAL DEVELOPMENT 

 

 

International Conference of Territorial Intelligence, Huelva 2007 (CAENTI) | http://www.territorial-intelligence.eu 

277 

“Modeling Urbanization to Simulate Prospective Scenarios: a Comparative 
Approach” 

Jean Phillipe ANTONI, Pierre FRANKHAUSER, Cécile TANNIER, Samy YOUSSOUFI 

Laboratoire ThéMA 
CNRS UMR 6049 – Université de Franche-Comté 

32 rue Mégevand 
25000 Besancon France 

 
Jean Phillipe ANTONI 

jean-philippe.antoni@univ-fcomte.fr 
Pierre FRANKHAUSER 

pierre.frankhauser@univ-fcomte.fr 

Cécile TANNIER 
cecile.tannier@univ-fcomte.fr

Samy YOUSSOUFI 
samy.youssoufi@univ-fcomte.fr 

 

Abstract: In France, managing urban growth and sprawl depends on the housing policies 
made by municipalities (or groups of municipalities), by the Department, the Region or the 
State (i.e. by public actors) through specific statutory documents like PLU (Plan locaux 
d'urbanisme) or SCOT (Schémas de cohérence territoriaux). Currently, the policies leading 
to such documents appear very crucial. Indeed, sustainability in urban development has 
become a crucial issue. To manage it, urban planners use a variety of prescriptive tools 
such as Geographic information systems (SIG) or Computer aided drafting (CAD) 
softwares. Nevertheless, these “traditional” tools have a reduced predictive capability and 
since about 20 years, researchers try to develop modeling approaches allowing to improve 
describing and forecasting urban growth and its consequences. The aim of this paper is to 
present and compare three of these modeling tools, relaying on different theories. The 
heterogeneity of the produced results is discussed in the conclusion and envisaged as a 
interesting contribution to feed debates about urban growth management in the current 
framework of territorial intelligence. 
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1. A SUSTAINABLE SCENARIO OF URBAN GROWTH 
The problem of urban growth and sprawl (and more generally the problem of urbanization) 
is currently very crucial for public actors dealing with the interdisciplinary characteristics 
of its management. Uncontrolled urban sprawl can indeed lead to several kinds of bad 
consequences (Antoni, 2002) that must be anticipated. Some new principles of urban 
planning can also be proposed in order to offer alternatives to sprawl, in accordance with 
the principles of sustainable development (Frankhauser et al. 2007). 

1.1. Alternatives to urban sprawl 
On the one hand, several studies show that urban sprawl usually leads to numerous kinds 
of problems. As regards transportations (Handy 1996), urban sprawl leads to the increase 
of road infrastructures, atmospheric pollutions, environmental deteriorations and peak-hour 
congestions. As regards settlements (Banister 1992), it leads to urban spill over that pushes 
away the limits of the city and breaks the frontiers between urban and rural areas, creating 
a new dichotomy between dense centers and diluted outskirts. As regards housing, it leads 
to new kinds of behaviors (neo-rural or rurban realm) and socio-spatial segregations 
(districts exclusively built-up with individual houses), etc. As regards facilities, urban 
sprawl leads to increasing costs for the accompaniment of periurban areas with the needed 
services, and to connect new settlements to water, gas, electric or phone networks, etc. 
Finally, as regards environment, uncontrolled urban sprawl leads to a major perturbation in 
the ecosystems of the periurban belt and breaks up the periurban farming activities by 
influencing the price of terrains, etc. 

However on the other hand, it does not seem possible to stop radically urban growth 
because it appears a real answer to a social demand of housing. On a quantitative point of 
view, the increase of the households in the suburbs (decrease of the households size and 
then increase of their number) contributes to the increase of the housing demand that can 
not be only satisfied by the occupation of vacant flats and houses. On a qualitative point of 
view, the residential location, the comfort level and the quality of life associated with 
available housing do not completely respond to the social wishes. It this context, it is 
necessary to continue building new housing. Two main options are possible: 1. Urban 
renewal can consist in transforming old farms and buildings in apartments; 2. The 
urbanization of open spaces can lead to new sub- or peri-urban settlements. The first option 
offers the advantage to revitalize peri-central abandoned areas and to increase the housing 
offer without any sprawl effect. But it will probably not allow to satisfy the whole demand. 
The second option increases de facto the consumption of new residential spaces, in favor 
of urban sprawl. 
Nevertheless, according to the principles of sustainable development, the second option 
must not be considered as a real problem, particularly if the new built-up spaces do not: 1. 
compromise the ecological quality of natural areas; 2. compromise the economic viability 
of agricultural spaces; 3. compromise the landscape quality; 4. compromise the ventilation 
of urban centers; and 5. increase the number and/or the length of daily motorized 
commuting. This point of view is currently strengthen by several authors noticing that the 
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principles of a compact city do not necessarily present specific advantages anymore 
(Breheny, 1992, 1997). The development of a compact city can indeed generate traffic, 
flux and flows, and then an important congestion of the communication networks because 
a big part of the residents must cross large areas and long distances in order to reach 
peripheral leisure zones. Thus, it appears obvious that a big compact city do not allow any 
correct ventilation in the city center. 

1.2. Principles for a sustainable development 
Such considerations can lead to the idea that space could be “better consumed” i.e. that 
urban growth should better be canalized that forbidden (Beaucire et al., 1999). But a 
practical question remains: how? Considering that little modifications of the urban 
structure can lead to strong modifications of the urban functioning (Batty, 2001), 
Frankhauser et al. (2007) then proposed to base the orientations of urban growth and 
planning on three main ideas: 1. Reduce the number and the length of motorized individual 
movements so as to induce positive effects on pollutants and noises emissions and on the 
congestion of the road axes; 2. Improve the accessibility to the various amenities (urban 
and rural) existing in the city and its extended outskirts (assuming that it should lead to the 
improvement of the quality of life in the urban areas and to the diversification of the 
housing offer); 3. Avoid the dissemination of built-up, natural or agricultural areas in order 
to protect the ecological environments, to maintain agricultural activities in the urban 
peripheries and to preserve the landscapes quality. 
But these three ideas lead to related geographical questions: where must we open new 
spaces for urbanization? Where must we locate the future residential implantations? Where 
must we create new centralities or consolidate existing ones? Four main rules can be 
proposed according to the principles of sustainable development described in section 1.1: 

Rule 1. Limit the scattering of individual houses (that must not be too far away from 
the city center, and not too much scattered, in order to allow the implementation of 
profitable and effective public transports); 
Rule 2. Limit urban spill-over in order to reduce the length of daily motorized trips, 
to protect outer-urban agricultural spaces, and to avoid the construction of isolated 
buildings that could affect the landscapes quality; 
Rule 3. Increase the heterogeneousness of the urban forms so as to avoid the 
development of large areas characterized by uniform private housing estates (that 
could lead to the homogenization of the social patterns of the population, and then to 
possible segregation processes); 

Rule 4. Insure the penetration of green alleys into the built-up areas, in order to 
assure a good “ventilation” of dense central spaces. 

Different modeling concepts issued from physics and computer sciences have inspired 
geographers to develop simulation tools allowing to visualize the consequences of such 
principles, by generating scenarios of development and spatial simulations mapping the 
possible futures of cities. 
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1.3. Simulating a scenario with three models 
In order to understand better the interest and the limits of the modeling purpose, it is 
important to explain the differences we make between a scenario, a model and a 
simulation, and to give the definition we associate to each of these terms. In geography, the 
term model has been defined by Chorley and Haggett (1967) and must be understood as a 
simplified version of the reality constructed in order to better understand some parts of this 
reality. The term scenario refers to a set of ideas or principles leading to a concrete 
proposition of land planning or design. Based on Antoni and Tannier (2006), the following 
formulation can be proposed to define what a simulation is: 

Simulation = scenario + model 

It simply means that a simulation is the result of a particular scenario applied with a 
particular model. Thus, different simulations should emerge from different scenarios 
applied with the same model, and different simulations should also emerge from the 
application of a unique scenario with different models. In our case, there is only one 
scenario, described in 1.2. This scenario will be applied using three different models 
relevant for urban planning issues. The first one is a potential model (see section 2), the 
second one relies on cellular automata (see section 3), and the third one on a fractal 
approach recently developed by P. Frankhauser et al. (2007) (see section 4)... 
The testfield is the municipality of Saône, located in the south sector of Besançon. Saône is 
a typical example of the villages located just around the main city (about 15 minutes by 
car), that are strongly concerned with the periurbanization phenomena because they 
contain very interesting constructible areas. Saône is currently a location for new housing 
that is considered part of Besançon's hinterland. A focus on this village can then allow the 
visualization of the local consequences of periurbanization, connected with the 
development of the whole city, through the expansion of its global shape (Tabourin, 1995). 
In order to compare the different simulations, the studied area is decomposed into regular 
cells. Each cell has a dimension of 80 meters (Figure 1). Such a cellular approach to 
geographical space allows the successive application of three different models to simulate 
the main scenario. For each of the three models used, we will describe the main theoretical 
characteristics of the models, then the choices of their parameters (Antoni, 2006), and 
finally the obtained results. 
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Figure 1: The Municipality of Saône. 

2. A SIMULATION BASED ON A POTENTIAL MODEL 
The first spatial simulation uses a potential model. Potential models belong to the main 
family of spatial interaction models, based on the idea that the urbanisation process 
generates interactions between older and future built-up areas (two kinds of spaces that are 
considered as complementary). The simulation then tries to minimize the distances 
between each one (old and future), and allows to identify the areas with the best potentials. 

2.1. Specification of the model 
Spatial interaction models are issued from the classical gravity law used in physics. They 
offer the capacities to determine what Abler et al. (1972) call the “underlying interactions 
among places”, and that can be interpreted like the intensity of the influence between two 
locations i and j. Based on the well-known Newton's formula, the intensity of the 
interactions is considered proportional to the product of the respective masses Mi and Mj of 
these two points, and inversely proportional to the dij distance (i.e. the straight line distance 
between i and j). It then allow to take into account the famous law expressed by W. Tobler: 
“Everything is related to everything, but near things are more related than distant things” 
(Miller, 2004). 

Among spatial interaction models, potential models offer the particularity to reproduce 
such a principle for all the locations included in a studied area (and not only two points 
considered together), by defining some complementaries between all of them. A potential 
value Pi is then calculated for each location i regarding the masses Mj of all the other 
locations j. This value can be interpreted as the influence, the accessibility or the attraction 
effect between the places. The potential Pi can be defined as: 
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where Mi is the mass of the cells depending on the land-use categories and b is the 
exponent of distance (here b = 1). Hence the influences issued from different places add 
simply one to the other without explicit interactions. 

As noticed by Nadasdi et al. (1991) and Weber (2003), interaction models, and especially 
potential model, are often used for demographic or social purposes (so as to assess the 
relationships between population, services and locations, or between users and services for 
example; see Stewart and Warntz, 1968), but more rarely to study the evolution of land 
use. Donnay (1994, 1995) or Donnay and Lambinon (1997) applied it on remote sensing 
grids and tried to determine the limits of urban areas by defining the interactions between 
some land-use characteristics, or to forecast the possible spatial developments of urban 
settlements over years (Weber and Hirsch, 1997; Antoni, 2003), White and Engelen have 
also introduced the notion of potential in there CA-model, however without referring to the 
usual distance deterrence term (White and Engelen (1993)). 

In our case, a potential value is calculated for each cell of the studied area and must be 
interpreted like a force of attraction for the future urbanization, produced by the 
accumulation of all the attractiveness masses M of the neighbouring cells j. One of the 
interests of this methodology results in the surface of interaction that can be associated to 
the location of each potential value. When all the places getting approximately the same 
potential values are joined, a map can be designed that represents the reciprocal influence 
(or force) of each point located in the studied area. These forces might be considered as a 
gradient decreasing from high potential values to low potential values. Future urbanisation 
should then take place in the highest potential values cells. 

2.2. Choice of the model's parameters 

Each potential value appears strongly determined by the mass values Mj associated with 
the cells of the studied area. These values can be associated with landscape objects, natural 
or urban amenities that are considered weakly or strongly attractive for future urbanisation, 
i.e. for each future house or building. Landscapes and amenities are determined by the 
land-use category of each cell; the attractiveness (mass value M theoretically defined 
between 0 and 10) of each land-use is “man-made” defined regarding the scenario (see 
section 1.2) and summarized on the following table: 



PAPERS ON TERRITORIAL INTELLIGENCE AND GOVERNANCE 
PARTICIPATORY ACTION-RESEARCH AND TERRITORIAL DEVELOPMENT 

 

 

International Conference of Territorial Intelligence, Huelva 2007 (CAENTI) | http://www.territorial-intelligence.eu 

283 

Land-use category Mass value M Weighting 
Open spaces 5 1 

Built-up spaces 5 1 

Services 10 5 

Roads 10 1 

A symmetric mass value (M=5) is associated to the built-up areas and the non built-up 
(open spaces supposed natural) areas. Such a calibration allows to take into account the 
fact that urban areas are considered as attractive as natural area, and that new buildings 
should take place at an equal distance of both of them, so as to improve simultaneously the 
possibilities of leisures brought by natural areas and the economics of urban density 
brought by built-up areas. Such a calibration answers the idea that the interface between 
built-up and non-built-up interface must be privileged (rule 1) and that the contiguity of 
urbanised spaces must be optimized (rule 3). 
The strongest mass value (M=10) is affected to the services. Services represent the most 
common urban amenities of the studied area and their proximity is an important factor of 
location for the future urban extension. Such a calibration should allow to respect the 
second main rule of the sustainable scenario we try to simulate. 

Finally, the roads are very important too. The associated mass value (M=10) relies on the 
idea that the global accessibility (i.e. the possibilities of movement between all kinds of 
spaces considered as complementary) is an absolute necessity (rule 2), but that no new 
network must be created to accompany new constructions (rule 4). 

2.3. Results 
By affecting different mass values to each land-use in the municipality of Saône, the 
potential model reveals a very controversial spatial configuration : on the one hand new 
built spaces will increase the density of the old ones in the centre of the community 
(north-west sector); on the other hand they will take the shape of urban lots in the 
periphery (east and the south sector) that correspond to sprawl (Figure 2). 
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Figure 2: Simulation of extension based on a potential model. 

3. A SIMULATION BASED ON CELLULAR AUTOMATA 
The second spatial simulation is based on cellular automata (Agostinho, 2005). A cellular 
automaton is a discrete model in which space is represented as a number of identical cells 
arranged in a regular grid. Each cell is defined by a limited number of states. Time is also 
discrete and the state of a cell at time t is function of the states of a limited number of cells 
in its neighborhood (i.e. a selection surrounding cells) at time t - 1. From more than 30 
years, cellular automata have been used as models in many fields like physical sciences, 
biology, mathematics and social sciences. In geography first W. Tobler (1979) and later on 
Phipps (1989) discussed the potential use of such an approach from a more conceptual 
point of view. For simulating urban pattern dynamics, first M. Batty and P. Longley (1986) 
and later on R. White and G. Engelen (1993) introduced cellular automata models. 

3.1. Specification of the model 
Cellular automata arise from the field of distributed artificial intelligence that can be 
defined like systems in which agents act together to solve a given problem. The first 
known cellular automaton is issued from Von Neumann's theories in the 1940's. One of the 
simplest examples of cellular automata, and certainly the best-known is the Game of Life 
created in the 1970's by the British mathematician J. Conway. In spite of very simple rules, 
this automaton can produce some very complicated patterns. 

The interest of using cellular automata in social sciences appears more specifically in the 
1980's, with a new way of considering geographical space like comparable to a cellular 
space. Thus, several researchers began to consider geographical space like a matrix in 
which each cell represents a portion of space characterised by a type of land use. In 
particular, researchers have been developing modeling approaches to describe and predict 
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urban growth (Wu, 2005). Such a cellular automaton is a bottom-up iterative process used 
for modeling complex systems (Stevens et al., 2006). Cellular automata operate on a 
regular grid of cells in which every cell contains a single value that represents its state at 
time t. The change in a cell’s state between initial time t and the following time (t + 1) is 
determined by a local neighborhood rule. The state of cell i at time t + 1 can be defined as: 

where Si represents the state of cell i at time t, and Ωi represents the state of the 
neighbourhood of cell i at time t. A cell i can be defined with two kinds of neighbourhood 

▪ the Von Neumann neighbourhood corresponds to the four cardinal cells around 
cell i, 

▪ the Moore neighbourhood corresponds to the eight first adjacent cells around 
cell i. 

Figure 3.a: Neighbourhoods in cellular automata. 

 
Von Neumann neighbourhood Moore neighbourhood 

The transition of a cell’s state is rule-based and looks like the form of “if...then” 
statements, such that if the neighbourhood Ωi of cell i shows a specific pattern at time t, 
then the state S t of cell i at time t will change at time t + 1, according to a set of rules 
(Batty, 1997). The iterative application of this set of rules allows to identify the patterns 
and properties of the emergent system. 
In many cases, cellular automata have been used to model urban growth at multiple scales, 
from regions (Clarke and Gaydos, 1998; Clarke et al., 1997; Engelen et al., 1995; Landis, 
1994; Semboloni, 1997), to built-up areas (Cheng and Masser, 2004; Li and Yeh, 2000; Lo 
and Yang, 2002; White et al., 1997; Yeh and Li, 2001). In these studies, the classical 
formalism of cellular automata has been extended to adapt the complexity of urban 
environments. In particular, built-up areas don't sprawl randomly, but they are governed by 
both bottom-up and top-down processes, such as urban planning, which need to be 
considered in urban growth models (Stevens et al., 2006). 

3.2. Choice of the model's parameters 
In this paper, each cell of the cellular automaton model is defined by its state, that is to say 
by one of the four land-use categories (open space, built-up area, services, roads) of the 
municipality of Saône (Figure 1). According to the scenario we want to simulate, the 
cellular automaton is then calibrated according to a single rule allowing the cells to move 
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from the “open-space” category at time t to the “built-up space” category at time t + 1. This 
transition occurs for a cell i only if: 

▪ its “3-cells extended” Moore neighbourhood (i.e. in a radius of 240 meters; 
Figure 3.b) contains more than 35% of built-up cells (that is to say at least 17 
built-up cells among its 48 surrounding cells); 

▪ and its “3-cells extended” Moore neighbourhood contains more than 35% of 
open- space cells (that is to say at least 17 non built-up cells among its 48 
surrounding cells); 

▪ and its “6-cells extended” Moore neighbourhood (i.e. in a radius of 480 meters) 
▪ contains at least 1 service among its 168 surrounding cells; 
▪ and its “3-cells extended” Moore neighbourhood contains at least 1 road among 

its 48 surrounding cells. 

Figure 3.b: The 3-cells extended” Moore neighbourhood. 

 

As for the potential model, such a calibration responds to the sustainable scenario 
developed in section 1.2. In particular, the two first points allow to favour the interface 
between built-up and non built-up spaces, while the contiguity of urban spaces is optimized 
(rules 1 and 3). 

The third point insists on the necessity of a proximity to services considered as urban 
amenities, what is a condition to minimize the length of daily mobility. Thus, the criterion 
of proximity is pointed up in order to respect the rule 2 of sustainable scenario. We then 
consider that one service at least is required in the 480 meters around a cell i to allow this 
cell to be built-up. 

The criterion of accessibility is also very important: the fourth point makes much of the 
necessity for a cell i at time t to be near a road to develop into an urbanized cell at time t + 
1. 

Thus, the intention of not creating new networks is realised (rule 4). 

3.3. Results 
By affecting these rules into the cellular automaton, the simulation allows the identification 
of thirty one cells (about twenty hectares) corresponding to the different criteria. 
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Moreover, the cellular automaton simulation reveals a particular spatial configuration, in 
which the new built-up cells are located all around the existing built shape, except in the 
north-east and the south. In particular, the simulation shows the creation of twelve urban 
aggregates with a medium size of 1,65 ha. Only one is a little bit more important with 
about 4,48 ha (south-west). 

Figure 3.c: Simulation of extension based on cellular automata. 

4. A SIMULATION BASED ON A FRACTAL MODEL 
The third simulation is based on a fractal model determining the areas that could be 
urbanized. Fractal models in geography are defined in several works till the early 90's (see 
White and Engelen, 1993; Batty and Longley, 1994; Frankhauser, 1994, 1998; Tannier and 
Pumain, 2005). The fractal model we present here is relatively more recent and essentially 
known trough the works of P. Frankhauser. It consists in using fractal geometry to define 
urbanisation rules, and to apply these rules at different scales of the urban areas (fractal 
decomposition). 

4.1. Specifications of the model 
The fractal geometry allows to generate hierarchical multi-scale structures. This property 
can be used to enlarge Christaller's central places theory (Christaller, 1933) which 
introduces a hierarchy of services, but within a uniform spatial distribution of the 
localization of settlements. Frankhauser et al. (2007) proposed a fractal model for 
urbanization taking into account Christaller's hierarchy but apply a hierarchical principle 
also for the spatial distribution of services and other facilities. Residential areas are 
grouped around first importance shops and services (daily used), whereas larger 
non-urbanized areas separate locations of the second order (weekly used) and the third 
order (monthly used) shops and services. Hence large interstitial and non urbanized areas 
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are introduced into the city's shape, while build spaces are moved closer to the main 
transportation networks (as shown on the Figure 4.a). So, the expected simulated spatial 
configuration should allow to create a system of green belts referring to urban planning 
concepts developed in some European cities like Copenhagen or Berlin. 

Figure 4.a: A fractal model of urbanization. 

 
extracted from (Frankhauser et al., 2007) 

For real world patterns the presence of such spatial hierarchies can me measures by 
different methods. The degree of hierarchy is then characterized by the fractal dimension 
(...). In the present case it seems more interesting to make the presence or absence of such 
a hierarchy graphically evident. For this aim a method referring to one of the standard 
methods used for fractal analysis of spatial patterns, the grid analysis (...), called fractal 
decomposition, has been developed in the frame of a recent research project, financed by 
the research program PREDIT. It is based on covering the urban pattern progressively by 
cells of different size according to different scales of analysis. In the first step, the 
complete studied area is covered by a system of v.v = v² quadratic l1 size cells called «first 
order cells». In the second step, each first order cell is decomposed into v.v cells of a l2 = 
(1/ v ) l1 reduced size, called «second order cells» (the complete area the contains v4 
second order cells). The decomposition is repeated until the size of the smallest cells 
reaches the size of the buildings, and allows to calculate the fractal dimension of the 
built-up space: 
At each stage of decomposition, the number Ni of built-up cells can be counted. The 
geometric mean value N between all the stages can be interpreted as parameter which 
which allows computing approximately fractal dimension (Frankhauser et al., 2007): 

 

 

 

The fractal dimension D can then be introduced within the standard relation: 
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where r is the decomposition factor. 
In this research project, the accessibility to different kinds of amenities has been 
considered as well. Supposing the built-up spaces as concentrated in the areas deserved by 
transportation networks, and the non-deserved areas as offering rural amenities, 
Frankhauser et al. (2007) notice that built-up areas should be contiguous to open spaces 
(green and natural areas) and that open spaces should be related between themselves. Such 
a configuration indeed combines several advantages: proximity between built-up and non 
built-up spaces, concentration of buildings in areas well deserved by transportation 
networks, presence of large contiguous non built spaces... 
Fractal models of urbanization can then be used as a means to test urban planning rules. E. 
g. we can imagine the application of rules maximizing the contiguities: 

▪ between open spaces; such a rule should lead to the non-fragmentation of 
existing green and natural areas, and then allow the preservation of ecological 
corridors and periurban agricultural activities; 

▪ between built-up and open spaces ; such a rule should lead to the maximization 
of the number of buildings directly located near the city's boundary (boundary 
line being considered maximizing the interface between urban and rural 
amenities). 

For urban planning, fractal models then appear particularly interesting because the 
optimality of the urban shapes they produce offers a good response to different criteria: 
maximization of urban buildings and amenities inside the fractal shape, multi-scaled 
organization of the built- up/non-built-up distribution, maximization of the accessibility to 
urban amenities (shops and services) and rural amenities (green spaces, natural and leisures 
areas) on different scales: very local, local, global (christallerian hierarchy). It demands to 
be tested and calibrated on the testfield of Saône. 

4.2. Choice of the model's parameters 
Firstly the area of Saône must be transformed into a multi-scalar grid according to the 
principles of fractal decomposition. A decomposition factor r = 1/3 as been retained. Then, 
three steps of decomposition are sufficient to highlight the multi-scalar organization of the 
built-up shape: non-built-up l2 cells can be found inside each built-up l1 cell, etc. 
correspondingly to a fractal logic. Nevertheless, in the agglomeration center, building are 
more densely present, and the number of “built-up spaces” cells increases. Results of the 
decomposition can be seen of the Figure 4.b were the scale of each cell is given by the 
thickness of its outline. 

Secondly, simple rules can be defined according to the objectives of the main scenario (see 
1.2), determining the capacity of each cell to be urbanized on Saône's multi-scalar lattice. 
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These rules can be organized according to their order of priority. This way, five rules are 
considerer as first priority rules and are imperatively applied: 

1. The total number of built-up l2 cells in each larger l1 cell, etc. must not exceed the N 
number determined by the fractal dimension (defined by the fractal decomposition); 

2. The priority for urbanisation is given to the cells located in the areas characterized a 
good proximity to shops and services; 

3. The cells moving from the “open-space” category to the “built-up spaces” category 
must border an already built-up cell in order to create a global continuous and non 
fragmented built-up space; 

4. The contiguity of non built-up areas must be preserved; 
5. The access to shops and services must not exceed a distance defined by the user 

Two second priority rules are applied as often as possible: 
1. The cell must be crossed by a road 
2. The cell must border an open space cell 

The iterative application of these rules on the different size cells determined by the fractal 
decomposition, from the largest to the smallest, allows to identify the l2 cells that could be 
built-up in the future, in accordance with the principles of a sustainable urbanisation. 

4.3. Results 
The resulting simulation shows that urbanization will take place in the east of the village, 
and take two complementary forms: a. agglomerated near the existing built-up spaces; b. 
scattered into existing interstitial spaces. Finally, urban sprawl is mainly located in the 
immediate periphery of the municipality, around the main road axis. 

Figure 4.b: Simulation of extension based on a fractal model. 
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5. CONCLUSION 
Figure 5 allows to compare the results of the three models on a single maps. Its shows that 
there is no actual correspondence or convergence between the results. Each model focuses 
on cells located in coherence with the sustainable principles declined into rules or 
parameters, but these cells do not overlap. In order to compare more precisely these results 
but also to measure with a bigger accuracy their consequences on urban growth, several 
morphological indicators of centrality (Bachi, 1963, 1968; King, 1969) could be used. 
They are currently being implemented in the modelling approach and should quickly lead 
to comparative results, helping for making decision about urban planning solutions. 

Figure 5: A comparison of the three models results. 

Furthermore, while each model was constructed to meet the four objectives of the main 
scenario, the comparison of the results shows that there are no potentially constructable 
cells (or spaces) common to the three models. Several reasons may be found for explaining 
these differences. Indeed the rules are similar but, according to the model concepts, not 
really identical. Hence neither the potential model nor the cellular automata model takes 
into account the decline of accessibility to open space for already urbanized cells since 
rules refer only to non-urbanized cells and consider their potential for urbanization. The 
fractal model requires on the contrary that already urbanized cells may not be affected in 
their quality of life by new urbanization. Moreover the fractal model strictly avoids to 
destroy the contiguity of open space. Both these restrictions leads automatically to more 
fingering patterns. This shows that supplementary rules referring to open space and already 
urbanized space should be integrated in the cellular automata model and the potential 
model in order to obtain comparable results, what does not correspond to their usual model 
architecture. Important differences exist also between the potential model and the CA 
model. Firstly, in the potential model distances are weighted by an inverse power law, and 
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thus influence declines continuously, whereas in the used CA model criteria introduce an 
strong cutoff: dynamics are conditioned just by the absence or presence of a phenomena 
(roads, amenities) within a predefined distance range, and out of this range the influence 
drops immediately down to zero. The same kind of argument holds for the factors Mi 
which attribute different weights to the diverse types of amenities in the potential model 
what is not the case in CA. 

This report suggests the need for a new reading of the simulation results, including a more 
sensitive approach. These results show the interest of comparing diverse modelling 
approaches in order to test the influence of underlying assumptions on simulations. Indeed, 
the concepts traduce different types of hypotheses concerning spatial interaction and hence 
refer in some sense to different approaches of perceiving distances. This helps to 
understand how distance perception may act on urban dynamics. On the other hand, for 
planning the different concepts may be associated to different kinds of constraints for 
accessibility in order to manage urban sprawl. Such an approach should associate different 
actors (concerned with the urban sprawl problem and its consequences on social and 
environmental aspects) and confront different points of view, so as to open discussions and 
envisage suitable futures for urban areas expansion (Antoni, 2004), in the framework 
proposed by territorial intelligence (Pascaru, 2006). 
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