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ABSTRACT

Urban sprawl is frequently associated with the idea of an unsuitable development, leading to increasing
economic, social and environmental problems. Moreover, its control is difficult because multiple
patterns (concerning numerous traditional urban planning fields) overlap. In order to understand the
sprawl process and to manage its consequences, it must be simplified. The construction of a decision
making tool appears then interesting. The GlS-based tool presented here is being developed in
collaboration between the urban planning agency of Belfort and the laboratory of geography of
Strasbourg. It requires three steps: 1. quantification of the sprawl (how much areas are involved in the
urban sprawl process?); 2. location of the sprawl (where are the areas defined in the first step?); 3.
differentiation of the sprawl (what are the areas |ocated in the second step?). Of course, the succession
of the three stages makes the use of the complete model more complex. So, a global ergonomic user
interface is being developed within the GIS, alowing to modify each parameter and to play easily
numerous simulations.

1 INTRODUCTION

Two years ago, the French Minisry of Equipment (Direction Départementale de
I’ Equipement 90), responsible for planning affairs in the city of Befort, focused on the
urban sprawl problem. They asked the Universty of Strasbourg for congtructing a tool

dlowing to understand the underlying processes and control the consequences of urban

sorawl. As regard the sprawl, the Stuation of Befort (North-East of France, about 80000
inhabitants in 1999) cannot be compared with the evolution of bigger French cities, as Paris
(exceptiond), Lyon, Marsaille or Strasbourg: the size and the growth are not the same, and
Befort is not so concerned with urban sprawl. But the processes leading to possible
unsuitable developments are probably dready acting in the urban area (see figure 2).

Discussons quickly led to a three-year collaboration between the Agence d’ Urbanisme du
Territoire de Belfort and the Laboratory Image et Ville (Universty Louis Padteur,
Strasbourg): from the materid, the data and the experience of the urban planners, atoaol is
now being developed. It takes the form of a globa mode relying on classca modes in
geography, a new conceptud gpproach issued from Artificid Digtributed Intelligence and
Geographic Information Systems (GIS) technology. Allying urban planners and geographers
knowledge, the god of this toal is to produce a means for understanding, predicting and
smulating the future expansion of the city of Befort. It has to be smple, easly usable and
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clearly understandable for al planning or palitic users. The am of this paper is to present the
methodologica approach to congtruct this decision making tool. The presented results are
communicated as examples and do not correspond to any redigic amulation.

2 MODELS: SSIMPLIFIED VERSION OF REALITY

In accordance with P. Haggett, a modd can be defined as a “smplified verson of redlity,
built in order to demongtrate certain of the properties of redity” (Haggett, 1965). That
means that it does not reflect the totality of a phenomenon or a process, but that it only
focuses on apart of it. In our case (urban sprawl modelling), this smplification appears both
in the congderation of the sprawl phenomenaitself and in the data used to process.

2.1. Complexity reduction

For the urban planners of Belfort, urban sprawl is consdered as a spatia expangon of a city
through time. It dso leads to urban problems, which belong to different fields of urban
planning. As regards transportations, it leads to the increase of roads infrastructure,
amospheric pallutions, environmental deteriorations, pesk-hour congestions, etc. As
regards settlements, it leads to urban spill over pushing away the limits of the city, bresking
the frontier between urban and rurd aress, creating a new dichotomy between dense centres
and diluted outskirts, etc. As regards housing, it leads to new kinds of behaviours (neo-rura
or rurban redlm) and socio-gpatid segregations (digtricts exdusively built-up with individual
houses), etc. As regards economics, it leads to increasing costs for equipping peri-urban
areas with the needed facilities and services, and to connect them to water, gas, eectric or
phone networks, etc. As regards environment, it leads to break up the peri-urban farming
activities by influencing the prices of agriculturd terrains, etc. And, as regard moddling, it
leads to so many complex and numerous ways thet it cannot be modelled without being
amplified.

To reduce this complexity, the urban sprawl process will then only be considered
through its visble aspect, that means through the changes of the city’s shape over time, as
shown on maps. Modelling will then concern the spatid expansion of the urban built aress,
compared with the decrease of rura non-built areas. Such a built / non-built dichotomy can
be judified by the fact that it characterizes the fird manifestation of the urban sprawl
process, from which other phenomena follow. A good characterization of the dichotomy’s
evolution will then ke afirgt approach of the sprawl, alowing to parameter others existing
modds, which will take over from it and study precisdly the consequences on the economic,
socid, housing, (etc) fidds This goa implies the condruction of a solid database for
congdering correctly the changes within the dichotomy.

13



Vertical interpratation
diachronic com pan=zon,
P e contingendes reseand

horizontal interpretation
spatial analysis,
wizualisation step by step {date)

Date t+1

Cafkd I apang
generalization (common gid
for Al dates)

Spatio-thesm atic ¢
digitization Autior IR Andond
MBI allan s . Hesrwy

e 2001

Spatial resolution:
Each cell 13 a fifty-meters wide square {0.23 hectares). The 300x300 ond = composed of
90000 eells and covers a 15 kilometers wide study area (22500 hectares ).
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6.Estate housing: 7.Facilities; 8. Public buildings; 9.Industrial and commercial units: 10, Routes
Départementales; 10. Routes Nationales, 11 Highway nodes; 12.Railway stations.

Figure 1. Spatio-temporal data generalization
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2.2. Data generalization

Urban sprawl has to be consdered within a tempord dimension to be understood as a
process. Considering the rura depopulation (1954-1968) and the massive peri- urbanization
(1968-1999) datigtically measured by the French datistics Ingtitute (INSEE), it could be
interesting to sudy it from the 50's. Information is then needed for describing the
morphologic urban area a different dates and measuring the changes. Moreover, measuring
the urban sprawl requires to consider space a the urban-block scae or at the individud

house scde, and not a the community scale as in the avallable censuses: the land use
changes introduced by peri-urbanization cannot by visudized at asmal scae and demand to
use precise indicators. We must be able to visudize thin land use transformations of urban
and peri-urban areas, and compare these transformations from one location to another and
from one date to another. So, the problem is how to harmonize this disparate raw data for
obtaining comparable information in space and time. Usng a tessdlaion gppears an
interesting solution for collecting and soring the information. In our case it @nIdsin
transforming continuous origina mapped data into discreet spatid data within regular square
polygons of a fifty-meters spatid resolution (0.25 hectares). Tessdlation produces then a
grid that makes it possible to consider the geographical information insdeits cdls, whatever
the date and the source of information (figure 1).

2.3. A spatio-temporal lattice

As satdlite images do not exist before the late 70's and aeria photographs are not
aufficiently numerous on the study area, the more complete sources of information for
considering urban sprawl trough time seem to be the different maps produced at three dates
(1955, 1975 and 1995) by the French nationa geographic ingtitute (IGN). These maps
(scde 1/25000) cover regulaly the study arear one map a twenty-year period.
Nevertheless, they strongly determine the discrimination of the land use categories reated to
the urban sprawl process. All categories must be represented on each map so as to be
regularly consdered for the encoding. According to the map keys, thirteen categories only
appear sysematicdly for the three dates: 1.0pen areas (fdlow land); 2.Forests; 3.Water
surfaces; 4.Individua houses, 5.Buildings, 6.Estate housing; 7.Facilities; 8.Public buildings
9.Indugtrid and commercid units, 10.Routes Départementales; 10. Routes Nationales,
11.Highway nodes;, 12.Ralway dations. The whole information will be queried trough a
spatio-temporad database relaying on Geographica Information Systems, consdered as a
generic tool for using it (see Batty, 1998). The vector structure of the GIS groups the
spatio-temporal data into 90000 polygons. For each polygon, atable of attributes describes
the land use in 1955, 1975 and 1995. The database alows then to map the built / non-built
dichotomy between the three dates and its evolution for the two periods (1955-1975 and
1975-1995) as afirst representation of the urban sprawl process (figure 2).
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Figure2: A first approach to measurethe urban sprawl

. S

- S

'\_'-\'.:_ '--_\‘\.' 1#3?:-!.

Model
Transition moedel Markov chains

~ Calibr ating:

The state of 20135 is estimated from
the state of 1993, The homogeneous
transition matrix is the sum of the
two transition matvices (for the two
studied periods) weigthed by their
cifective on cach line,

Results:

% The 1768 cells determined by the

model corrspond o the cells which
will change from a non-built to a
built category. At this step, these
cells are not located. They arc
represented in black, in the upper-
left corner of the map.

JB AW TOR, 2001

Figure3: First step of the modeling — Quantification of the urban sprawl
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3 MODELLING BY DECOMPOSING COMPLEXITY

Phenomena as complex as urban sprawl can probably be better considered if decomposed
into different parts, corresponding to a particular aspect of the phenomenon. Firdtly, such
decompogtion dlows to discern correctly the meaning of this modeling. Secondly, it
appears a necessity to condruct smple models, that means models which are not ad hoc
designed and findly too complex to be clearly understood by non-specidist users. Urban
sorawl will then be decomposed into three parts, leading to the congruction of three
combined models. Each one corresponds to a step for globad modeling: quantification (step
1), location (step 2) and differentiation (step 3) of the sprawd.

3.1. Quantification of the sprawl

Quantifying the sprawl over time corresponds to measure the patia expangion of urban built
area. The spatio-tempora database can be queried to appreciate the numerd values of this
expanson. It leads to afirst answer to the question “how much?’ for each past known date,
obtained by measuring the growth of the city of Befort. The last map shows that the city

grows congtantly since the 50's. By counting the cells, the precison of the fifty-meters grid
alows to approximate the surface szes (converted into hectares) built between 1955 and
1975 and between 1975 and 1995, and to caculate the importance of the evolution (figure
2). Moreover, it shows that the importance of the evolution has increased during the second
period. But, this answer has been processed through a dichotomist approach, separating

built and non-built areas. 1t can be improved by consdering the same kind of evolutions for
al land use categories stored in the grid database. The method congsts then in condructing
atable of contingency for each period, reating the numbers of cdls, which moved from al

categories to dl others. These tables can quickly be turned into trangtions matrices if
transforming the numbers of movements into probabilities of occurrence. It dlows to know
the probability of a cell to move to a given “ariva category”, according to its known
“departure category”. These two matrices correspond the a second answer for the question
“how much?’, teaching that probabilities of changes are more important in the first period
than in the second one. By congdering the important assumptions that the changesfollow a
trend which is smilar through time (1955-2015), and that it can be determined from the two
known periods (1955-1975, 1975-1995), a stochastic modd can be constructed from

these results. It consdts in cregting a general homogeneous trangtion matrix, taking into
account the probabilities contained in the both matrices. Such a god relies then on Markov
chains (see Callins, 1975), and can be smply cadculated by summing up the two trangtion
matrices weighted by ther effective on each line (see Berchtold, 1998). Then, considering

the land use in 1995 as a “departure date” and the homogeneous matrix as a globa
trangtion function, we can estimate the numbers of cdlls affected to each land use category
at the “arriva gate” in 2015 (figure 3).
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Figure4: Second step of the modelling — L ocation of the urban sprawl
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Figure5: Third step of the modelling — Differ entiation of the urban sprawl
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3.2. Location of the sprawl

The firgt step (quantification of the urban sorawl) is interesting to estimate the proportion of
each land use category in the future. But this estimation is not redlly usable for urban planning
without any information about its geographica location. A second step is then required; it
should answer to the question “where?’. Different spatiad models can be used to locate the
n cdls tha will be built in 2015 ( being defined in the firs step). For instance, we can
choose to use a potential moddl (see Donnay, 1992; Weber, 1997; Weber, 1998). It takes
smultaneoudy into account the complementarities between each cdl and the redt, their
respective distances, and the intervening opportunities existing on the sudy area, asit usudly
appears in spatid interaction models (see Warntz, 1958; Abler et d., 1972). This way, the
potential model assumes that: 1. urban expangon creates an interaction between new and
old urban spaces which can be consdered as complementary spaces, 2. urban expansion is
based on the minimization of the mathematical distances between the concerned cdlls, 3.
urban expansion favors the best solutions by testing dl the possibilities of complementarities
and distances. In order to better explain, we will take an example using one of the most
ample equations of the potentid model, and will consider only the open space cdlls:

Pi:i’ 2:‘]

P; = potential value of the cell I; m; = mass value of the cell j; d; = distance fromi toj

The potentid values caculated for the open cells on the Sudy area are represented on a
potentid map. Cdibrating such amode means defining the mass vaues m corresponding to
each land use categories. Empiricaly, these values are defined according to the presumed
atractiveness (by the experience of the urban planners) of each category and can be
vaidated by running the modd on the known past periods: from the initid Sate 1975, we
tried to find the initid date 1995. The results were quite rdevant: aout 25% of the
smulated cells were located in the same location as observed cdlls, and about 90% were
located within a radius of 200 meters. Then, we can reproduce the same exercise for the
next period in order to locate the 1768 most important values, theoretically corresponding to
the cdls that will be built in 2015. So, the next map shows the results. These 1768 cells
should correspond to the ones which will be built during the 1995-2015 period. A method
based on principa components analysis (see Sanders, 1989) is currently under development
to measure the land use of neighbor cells around the cdlls built between 1955 and 1975, and
between 1975 and 1995, within different radii. This should help to determine the mass
vaues m, according to Satistical measurement and not to any persona experience.
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3.3. Differentiation of the sprawl

At this stage, the moddling approach alows to locate the n cdls that should change from a
non-built to a built category, but it cannot describe more precisdy the nature of these
changes. For ingtance, it does not alow to know if the n (step 1) located (step 2) cells
involved in urban sorawl will be residentid, indudtrid units or fadilities. This discrimination
remains to be done in the third step. The recent works in urban geography, using techniques
issued from Artificid Didributed Intelligence, offer a new conceptua framework to treet this
kind of problems (see White, 1994; Langlois, 1997; Batty, 1999). Here, cdlular automata
seem an interesting tool to determine the land use category of the cells located in the second
gep. Cdlular automata should assume that the category of the cdls is determined by its
neighborhood, actudly by the categories of the neighbor cdlls:

h
8;.., =S(8;.1;)

5 = land use of agiven cell I; f() = functional relationship
I; = neighborhood of the cell I; h = size of the neighborhood; t = time

In fact, the andydis of the neighborhood should alow to define some trangtion rules that
could be applied to the non-defined cells to choose ther category (figure 5). Of course, the
biggest problem is the definition of pertinent rules. At first, they can be determined by
empirical tests, according to the users estimation. Then, a statistical method should be
developed to congruct a set of rules firmly relying on quantified observations (it could be
quite smilar to the method developed for the cdibration of the potentid modd, cf. section
2.2). Findly, it will be interesting to integrate adminidrative information or legidation (that
means information not directly concerning the land use) so asto refine the trangition rules.

4 COMBINATION OF MODELS TO SIMULATE COMPLEXITY

By associating these three steps, the methodological approach presented here can be
associated to a combination of modes. The find global mode corresponds to an interesting
solution for understanding the urban sprawl and the role of the neighborhood (and its
attractiveness) in the process. It should alow to run smulations easly. Nevertheess, if the
overlapped approach is satisfactory in atheoretica way, it is technicaly more complex and
requires the use of area moddling tool (for example, GIMS; see Laaribi, 2000).
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4.1. Towards Geographical Information Moddling System (GIMS)

In fact, the models described at each step are not very complex and the globa gpproach is
easy to underdand. It does not require any important theoretica or mathematica
training.But, the links between the models, and the related hypotheses, have to be correctly
proceed. The outputs of the firsts models are the inputs of the last ones. Moreover, the
gpproach presented here uses a vector GIS as a generic tool for handling spatidized

database at every steps. But, GIS is unable to run the three models and to caculate any
complex result: it is a poor tool for advanced spatia analyss (Laaribi, 2000). Some “home-
made’ software or developments have then been needed to achieve the globa process. At
last, the final model appears a succession of different tools which must be well connected to
be redly ussful. This connexion can be processed within an ergonomic user-friendly
interface in order to be easly and quickly handled by planners. Such an interface, fast and
convivid, should dlow to increase the number of uses and the numbers of scenarios tested in
a short time. For the moment, it gppears a condition sine qua non to assure of its red

efficiency and to avoid the toal to be forgiven by planners. Such an interfacing may findly
correspond to turn the GIS database into a GIMS globa tool. At the moment, the three
models compose the first stage of a GIMS congtruction: the different software are not used
successvely in a disconnected way (first stage of a GIMS congtruction), but can be
launched from an initid computer window which links and combines the steps. Forward, the
GIS developed interface will be used to manage every step, from the storage of the data to
the caculation of each model and to the different links alowing to feed each modd with the
results of the others (figure 6).

4.2. Smulations

The moddling of a process should lead to possible smulations, teaching how it will changein
the future (see Dauphing, 1987). But, of course, the relevance and the soundness of the
amulations ae drongly reduced by the smplification and the generdization used for
modelling. Then, the users must be conscious of the hypotheses and the conditions involved
in the modelling gpproach before coming to any concluson. Every step of the globa mode
embodies severd hypotheses and coefficients which have a concrete sgnification. This
ggnification must be clearly understood before smulating urban scenarios.

Thus, two ways seem suitable for usng the modd as a decison-meaking tool:
1.continue the maindream or 2.supervise each sep within planning sketches. In the first
case, the modd runs using the default parameters determined by studying the known past
periods (1955-1975 and 1975-1995). In the second case, the parameters needed for these
samulations can be modified at each step, according to the assumptions associated with the
tested scenarios. modification of the generd trend (step 1), of the globd attractiveness (step
2), of the neighborhood's role (step 3). In the first step for example, the modification of the
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probabilities values for each land use leads to a new calculation, bringing to a new numerd
description of the smulated area.

== Conlingency falley--------- HE:
- BERC 0 y | French software, GéoConcept 4.2
Step 1: Transition model Transition model (Markov chain):
. Transition estimaiions | | SPpreadshect software,
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. i | Cellular automata:
-~ Map visualisafion {facullafive)---- o
£ ¢ Home made software named AC (for
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Fgure6: From GISto GIM S

What could the study area be if forest modification is drictly forbidden? What could
it be if, in alocd zone, indudrid implantations in agriculturd lands are encouraged? The
homogeneous trangition matrix can conscientioudy be modified to reply to these questions
and smulate the possihilities related to each scenario. In the second step, the atractiveness
of every object (through its land use category) can be modified. It dlows to measure the
influence of each one on the study area and to caculate a new globa attractiveness
according to the thematic gods of the tested scenario. For example, what could be the
potentia of a precise loca zone if the atractiveness of rail station is more important than the
actud roads and subways one? What could the new urban morphology be if public rail
trangportation services overtake individua automobiles utilizetion? At ladt, in the third step,
the modification of the trangtion rules used by the cdlular automata alows to introduce
elements of scenarios for better understanding the role of neighbourhood and refining the
responses answered in the previous steps. Numerous developments are possible. Some
could concern the land use changes, some others could offer generd estimations, concerning
the cogts of urbanisation for example. This work presents a decison support tool, which is
not yet totaly achieved. The methodologica approach is quite complete and seems efficient,
but the cdibrating and the interfacing remain to be improved. Statisticd methods and
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technica means are under congtruction to reach this double god. In fact, the most important
question is probably what is the best way to finish the tool congruction? Should we
determine immovable coefficients or focus on the possibility of sketches amulations? In the
both cases, the sgnification of the assumptions associated with the models must be most
clearly consdered and the project must dlow to follow up any continuaion for the
modelling, according to the perspectives of urban planning.
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