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Urbanization process is a major factor of change in the Mediterranean
region where pre-urban cities and new urban settlements have raised over
the past decades. Several cities rapidly became regional centres or
international nodes according to economic and political pressures.
Urbanization (and informal settlement) causes land cover changes which
can lead to deeper social, economic and environmental changes. The
main objective of this paper is to provide time-series information to define
and locate the evolution trends of the Tunis Metropolitan Area.

In a first step, satellite imagery has been used (1986-1996 SPOT XS) to
extract the land cover, identify the urbanization processes and estimate
the changes. One of the main aspects is to locate informal settlement
areas that grow significantly along the roadway networks in the Tunisian
capital. Results show a global progression of the built-up areas of 13% in
10 years. In a second step, the urban growth evolution has been
approached by using a potential model that provides general trends of
feasible urban expansion, taking into account protection laws of natural
and agricultural land. This type of model has not been tested on
developing cities and as such it corresponds to a new planning
contribution for planners who have no concept of spatially how their
urban areas have changed over time and where the growth is occurring.
In this case, it has been calibrated over the period of 1986-1996, and then
applied to predict the location of the built-up growth over the next 10
years (1996 — 2006). These results can provide local authorities and other
stakeholders with information towards decision support documents for
future planning and monitoring plans. Moreover, they can be updated
systematically through the integration of remote sensing data.

KEYWORDS: Urban growth; Land cover changes; Remote sensing
data; Potential model

1. INTRODUCTION

Urbanization is a major trend in recent years all around the world. The concept of
urbanization can vary from author to author; here, it is defined as a territorial and
socioeconomic process that induces a general transformation of land cover/use
categories. Referring to French or US census, urbanization process deals with

217


mailto:hishgadou08@gmail.com

218 Hisham M. A. Gadou

concentrations of population and activities. It creates aggregations of urban areas that
shelter hundreds of thousands of inhabitants. From an economic point of view, these
structures are more and more linked with international activities, becoming an interface
between local and national scales, and the international one.

However, this situation is heterogeneous all around the globe. Rapid
urbanization is often the cause of enormous pressure on rural and natural
environments. In 1920, the urban population made up 14% of the world. It reached
25% in 1950. Between 1950 and 1985, the number almost tripled [41]. Older industrial
cities seem less affected by these trends of population increase as the rate of rural-to-
urban migration has reached stabilization. More spectacular situations are noticeable in
developing countries where a large number of cities housing millions are located. The
rate of urban population growth between 1950 and 1990 has been much faster in
developing countries, from 17% to 34% and the rural-to-urban migration is still
significant.

Continuous migration flows have largely contributed to an increase of the built-

up areas. One of the main effects of such a situation is the transformation of settlement
structures. Therefore, urbanization has been studied more in the last few decades
because of the increasing interest in environmental issues. Since the Stockholm
Conference on human environment (1972) and continuing now, scientists, planners and
researchers have paid much more attention to the issues of land cover changes [6];
[28]; [34]; [40]. But as Bounfour noted, ‘‘our inability to monitor land cover changes
in a consistent way over the long term is a serious limitation in our capacity to
understand the driving forces and processes controlling these changes’” [4].
Indeed, urban changes are often associated with specific situations regarding cadastre,
legacy rules, planning decisions, lack of dwellings, etc. In this context, a significant
portion of the growth takes the form of informal settlements that are one of the more
common types of built-up practices. By definition, these areas are largely unplanned
and typically there are no maps indicating the positions and patterns of shacks and
building [36]. They are the result of an urgent need for shelter by the less-favored
urban population and can be characterized by a dense proliferation of small shelters
[29].

It is important to better understand the driving forces and processes of urban
changes because of the dissemination of such habitats around central cities mainly out
of official planning sectors, without legal existence (and consequently without legal
access to city services and without environmental conservation rules, etc.). In fact, one
of the difficulties is to embrace the total area where urban changes may appear, and to
appreciate the intensity of these changes. Moreover, boundaries between urban and
rural areas tend to disappear with settlements being more and more scattered all around
the main cities. Hence, monitoring urban changes implies the consideration of two key
points: the forecast of the amount of changes and the location of future built-up areas.
This information is extremely valuable to urban planners, who use this spatial
information to be able to monitor the impact of this growth (often accompanied by
poverty, homelessness, crime, poor physical health, social instability and
environmental degradation), but also to evaluate existing urban policies and develop
appropriate responses or strategies. In this context, this paper presents a time-series
analysis using remotely sensed data (Spot images) to identify urban changes over a
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decade on the region of Tunis (capital of Tunisia, in the Mediterranean countries). The
Metropolitan Area of Tunis (MAT) is interesting because it had to face the
uncontrolled development of informal settlements, especially in its southwestern part.
More precisely, the paper focuses on the localization and the quantification of the
urban built-up extension (informal settlements) on rural and natural areas. A potential
model is applied to locate major trends of urban extension. In a first step, the land
cover changes are identified over the period 1986-1996. In a second step, the
forthcoming extension in the following decade (1996-2006) is modeled by using the
trends of real expansion of built-up areas.

It must be noted here that the merit of this paper lies in the way it explains the
method of using satellite imagery in detecting, recording, tracking and monitoring
changes in the extent and direction of ground cover over a period of time. This paper
does not claim that the information it provides represent the latest picture of the reality
on the ground. It only shows how the methodology can be used to obtain the most
current picture of any land form, built-up area, land covered by any form of human
activities, vacant land, build-able area etc. most accurately, effectively, and easily.
Needless to mention that this paper can be expanded to depict the up-to-date picture, if
there is a need and if information is available in respect of satellite images.

2. BACKGROUND

The effectiveness of information on urban changes for planning and management
decision-making, particularly in developing countries, depends upon the availability of
useful data. Detecting evolutions in land cover/use requires detailed surveys, in order
to deal with built-up objects and also covering a large area enabling the identification
of changes in the outskirts. Common terrestrial or remotely sensed data (map, aerial
photography, satellite imagery, etc.) may obviate these problems, providing temporally
and spatially detailed information on urban changes (location, type of urban structure).
Several authors attempt to better observe and define change features using remotely
sensed data [25]; [37] presents very clearly the issues in change detection methods. He
reviews the numerous algorithms that have been developed: multi-date composite
image change detection [11]; [13], image change algebra detection [17], image
regression [21];[38], manual on-screen digitisation of change [24]; [26];[42] or post-
classification comparison detection change [35]. As noticed by [22], the selection of an
appropriate change detection algorithm is very important. Different methods
introducing fuzzy logic, neural networks [18] or knowledge-based vision systems [15];
[42] have also been tested to define the likelihood of changes detected from remotely
sensed data. Metternicht [31] proposes a standard procedure using fuzzy sets and fuzzy
logic, whereby the membership function of the fuzzy model can be adapted to identify
the areas that have undergone change during the period of observation. Lo pez, Bocco,
Mendoza and Duhau [27] base their study on the Markov transition matrices to predict
land cover and land use change in the city of Morelia (Mexico). For instance, the
authors found that using the relationship between urban growth and landscape change,
the highest land cover/use indicators are the built-up areas.

As these take the form of informal settlements in developing countries, they are
rather technically delicate to observe on high resolution satellite images (with spatial
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resolution around 20 m) due to their built-up specificities: derelict areas, pattern of
buildings, size of the elements, density of the areas, building material (e.g. plastic and
metal sheeting), age of the settlement. All of these complicate greatly the identification
of these areas. Moreover, the differentiation of the informal settlement functions
(housing function or industrial function) is difficult at these resolutions. Nevertheless,
in such environment, informal settlement patterns are easy to recognize according to
the absence (or little presence) of planning structure, the density of the housings and
the seldom vegetation.

Other approaches in change location estimation may be proposed using
interaction models. They offer the capacity to specify the intensity of the influence
between two locations, what Abler, Adams and Gould [1] called the ‘‘underlying
interactions among places’’. The potential model defines among the locations the
commonalities between land cover/use categories. One of the interesting results is a
surface of interaction that maps the reciprocal influences of each point located in a
defined area [39]. Numerous applications have been done using common sets of data
and were applied successfully for a long time in demographic, geographic or economic
studies to define the interactions between located phenomena [2];[8];[9].

Finally, spatial information and remotely sensed data are particularly helpful in
providing time-series information on urban landscape evolutions; coupled to potential
model applications, they provide interesting supports for planning purposes.

3. STUDY AREA, IMAGERY AND REFERENCE DATA

3.1. Description of the Study Area

The research was carried out in the southwestern part of the Metropolitan Area of
Tunis (MAT). Tunisia, with its 9 million inhabitants, experienced a significant urban
growth over the past 30 years, much like the majority of Mediterranean countries. This
growth is particularly clear in the capital, Tunis, even if other large cities of the country
(Sfax, Gabe’s with more than 400000 inhabitants) have also been affected by this
growth.

Located at the bottom of the gulf of Tunis, the MAT (Fig. 1), with about 2
million inhabitants and an annual growth of approximately 3%, is the economic and
administrative capital of Tunisia. The current administrative perimeter of this
metropolitan area is composed of four administrative sectors (Ariana, Tunis, Ben
Arous and Manouba) which have experienced an extension of 350000 ha in 1998
against 150000 ha in 1975. The MAT has had an important increase of informal
settlements, especially in its southwestern part due to the institutional lack of capacity
to provide affordable housing to the population. This caused significant changes in the
urban structure during the last two decades.

Several historical and geographical characteristics explain the trends of this
urban development. Historically, the first generation of informal settlements in the
southwest periphery of the capital occurred between 1930 and 1950, as a result of rural
migration flows following the agricultural crisis and the dryness of the years 1944—
1947. From its independence (in 1956) to the beginning of the 1970s, this continual
rural-to-urban flow has strongly increased the urban population of Tunis, and since
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1975, the population growth is mainly the result of an endogenous growth and the
migration from the average cities (Sousse, Bizerte with more than 200000 inhabitants)
to the capital.

Geographically, the development of the MAT has occurred under the influence
of several physical constraints. Indeed, it has grown in a hilly context and large water
surfaces such as the Tunis Lake, the Sebkha Ariana in the northeast and the Sebkha
Se“joumi in the southwest (Fig. 1). The two significant components of the study zone
are the Sebkha Se”joumi and agricultural zones.
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The Sebkha Se”joumi is a salted lagoon of variable extension (up to 28 km )
where the water level and depth are variable. During average rainfall years, the Sebkha
Se’joumi is drained 5 months per year (from May to September—October). The
agricultural zones are composed of non-irrigated oleiculture and arboriculture on the
hills and of annual cultures and fruit arboriculture in the fertile plain. The plain is
strongly ‘‘human-made’” by a dense irrigated network. The most significant is the
Me’jerda-Cape Bon canal, which crosses the zone from the north to the south (Fig. 1).
The developments of informal settlements in these fragile lands pose very
serious problems to the local authorities, which have difficulties in controlling this
extension. In 1994, an initial planning document (Urban Management Plan of the
southwest of Tunis) was adopted to protect the natural area (Sebkha Se”joumi and its
banks) and to preserve the agricultural zones around the Me"jerda Cape Bon irrigation
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canal. This development in the southwestern part of MAT actually remains the main
settlement location now and for the forthcoming future.

3.2. Imagery and Reference Data

The imagery used for this research consisted of multispectral data of two SPOT 3
scenes acquired on March 21, 1986 and May 8, 1996. As the zones around the Sebkha
demonstrate major problems in the urban growth, they have been particularly analyzed
in this research. Both images are already rectified (2B level). The May image allows a
good separation between major land cover classes (water, urban, irrigated and non-
irrigated fields) while the early season of the March image makes the separation
between the agricultural classes more difficult. Additional terrestrial reference data
(topographic map and ground references collected in previous works) were used for
classifier training.

4. METHODOLOGY

The assessment of the evolution trends of the southwestern part of the MAT has been
carried out in two phases (Fig. 2). Firstly, the evolution trends of the built-up areas
have been defined by a step-by-step methodological approach and a potential model
has been calibrated (weights choice) to locate the built-up growth during the period
1986-1996. Secondly, the potential model has been applied to predict the future
locations of land changes for the period 1996— 2006.

Evolution trends of the southwest
Metropolitan Area of Tunis

¢ 2

Characterisation of the

P evolution trends Fretliction tor P

H the next 10 years H

A over 10 years A

S 6 9 S
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Fig. 2. Methodology flowchart

4.1. Classification Procedure to Characterize the Land Covers
Changes

As the study zone presents a great variability of non-urban (irrigated and non irrigated
crops, arboriculture, natural vegetation) and urban surfaces (high and low density built-
up areas), a Principal Component Analysis (PCA) has been applied to extract and
classify the land cover categories (Fig. 3). This process allows the reduction of
redundant information in the three highly correlated SPOT bands [21] by transforming
the correlated variables (XS1 to XS3) into new variables called components (CP1 to
CP3). These decorrelated components are useful to improve the classification
procedure [3];[33].

The method used to classify the study zone is a supervised classification by
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stepwise discriminate analysis. This process allows to assess in an optimal way the
position of a pixel compared to the boundary line between two or more predefined
groups. It searches to place the pixel for which the intergroup variance is maximal and
the intragroup variance is minimal.
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Fig. 3. Methodological approach to characterize the
land cover changes between 1986 and 1996.

The result is an image classed by several themes. The accuracy of the
classification is around 89% in 1986 and 93% in 1996. A post classification treatment
entailing the use of a 3X3 filter has been applied on both images to eliminate the
isolated pixels [23].

The land cover categories are then integrated in a Geographical Information
System (Idrisi 3.2) and several spatial analysis procedures were used to calculate:

- The built-up areas in 1986 and 1996 (obtained through the binarisation of the
built-up categories);
- The built-up growth between 1986 and 1996 (obtained by an overlay operation
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between the built-up and non-builtup areas);

- The original land cover categories of the built-up areas increasing between

1986 and 1996 (obtained by an overlay operation between the urban growth

and the original land cover classes of 1986).

The Urban Morphological Area (UMA) has been delimited following the
definition of [12] to define the type of urbanization process. The UMA corresponds to
the contiguous built-up areas and regroups settlements separated by a distance of less
than 200 m [46]. The delimitation of this area has been realized by a buffer operation
within the GIS.

4.2. POTENTIAL MODEL

Interaction models and especially the potential model have often been used for
demographic or social purposes, in order to study the relationships between population
types and locations or between users and goods. Several authors have proposed the
application of such a model on remote sensing products to obtain urban delimitation
and to define the interactions between space characteristics [2];[7].

Another use of the potential Table 1 Land cover classification categories
model has been proposed by [46] to
evaluate development trends of urban == . —
settlements over the years. The more  Citegons (Class Description

interesting results of this model are to Bultupaess  High density builkup  Inner-city and contimuous
locate the possible development areas

. X area built-up areas
of the cities. The potential model Low densit bl Discontinuous buil
allows to locate these changes in oW density bultup - Discontiuous bulkup
e aress

relation to natural constraints or ‘‘man- ) ) ) )
made’” decisions; such an approach Agricultural areas  Spontaneous vegetation  Trees, mixed vegetation

offers the possibility of integrating or arboriculure type, oleiculture,
different types of interactions between arboriculture
various locations. _ _ Imigated or anmuial ~~~ Fodder plants, leguminous
_ To apply the_z potential model, it crops

is _Ir_lﬁcessary to admlt postu_lates[30]. Naturdl areas Sahkha Lo saked
- There are some interactions between :

all pixels characterized by their weights (considered 25 2
(mij) and their localization; natural reserve)

- The interaction probability is the same Wetlands Undifferentiated
for all pairs of pixels; wetlands (bare soils
- The intensity of the interaction is around the Sebkha)
inversely proportional to the distance

(dij).

Distances (dij) are defined through Cartesian measurements on a regular grid,
and weights (mij) reflect the land cover categories of area. When specific weights are
adapted to land cover types, variations in the interactions according to others factors
(weights of political decision, resistance of agricultural areas, protection of natural
zones...) are introduced. The equation of the potential model is given by:
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n
; b ' Y -
Py = z mij/ (dy)” mff“-’f“.""‘/"‘;f-’f )" Where Si corresponds to the

JFE area of the pixel | [30]
J=1

The above formalization corresponds to the simplest form of the model. It can
be sophisticated by adding external parameters (such as land ownership registration).
In this study, this parameter has not been taken into account because the proximity of
urban core and road networks seems to be relevant and sufficient to locate
development trends which might occur in future.

More precisely, in a first step, two different potentials (an urban potential A
corresponding to the situation of the built-up areas at a time t and an urban growth
potential B corresponding to the trends of development of the built-up areas observed
at the time t + 1) are calibrated and combined to identify the real expansion of built-up
areas over the period 1986-1996. The calibration parameters (i.e. the weights for the
both potentials) are defined by a trial and test procedure to match the real development
over the period 1986-1996. The weight values have to be ordered to give the best
results [32]. They are calibrated with value scales from 0 to 10 in order to obtain
results, where interaction intensities have value scales between 0 and 200 [44];[46].

Then, in a second step, the same calibration parameters are applied over the
period 19962006 to predict the location of the evolution trends of urban growth. This
has to be considered with the hypothesis that the characteristics of the growth will stay
identical for the two periods.

5. RESULTS AND DISCUSSION
5.1. Evolution of the Land Cover

The supervised Table 2 Repartition of the land cover categories in 1986 and

classification allows the 1996

identification of six land

cover categories, detailed Class Surfaces 1986 Surfaces 19%
in Table 1. Globally, the ha % e

percentages of the
agricultural lands decrease  Agriculural  Sponfaneous 1246 16 1011 13
between the both dates and lands vegetation

the natural lands remain or arboriculture

identical (Table 2). Fig. 4a .
and b show that in May Imrigated or annmal 3188 41 410 31

1996, the identification of Crops
a wider surface of Sebkha  Nafural lands  Sebkha 140 16 1399 18
compared to the 1986, Wetlands 459 b 33 4

March image is due 10  PByjtupaess Lowandhigh 163 21 2643 34
exceptional rainfall densities

conditions  during  the
winter 1996.
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Some confusion exists in the repartition of the agricultural and natural land
cover categories because the vegetation is not in the same phenologic phases in the
March 1986 and May 1996 images. Moreover, the poor radiometric quality of the
image in 1986 contributes also to the confusions between these two types. We can also
note that the built-up areas in the 1986 land cover classification are overestimated in
the southwestern part of the study zone due to some confusion with quarries, which
appear with the same spectral response. These confusions are taken into account in the
interpretation of the change detection results.

5.2. Quantification of the Land Cover Changes and Identification of
the Expansion Processes

In a first step, the total urban growth is quantified and located on the binarised images
of the built-up areas (Fig. 4c and d). They reveal a global increase of 1010 ha of built-
up areas, in the period 1986-1996 (about 13% in 10 years).

Most of the growth occurred in the western direction along Table 2 Repartition
of land cover categories in 1986 and 1996 roadway network andante south direction
along the Sebkha (Fig. 5a). The explanation of the growth cannot be deduced from the
images which only allow locating the expansion. Nevertheless, other studies give some
explanations on the reasons of this growth [10];[14].

On the one hand, the progression in the western direction can be related to the
congestion and the increase of dwelling costs in the inner city. These surfaces are
attractive to the population because of their proximity to the capital. On the other hand,
the growth along the Sebkha can be explained by the recent implementation of
industrial infrastructures. A north/south road near the banks of the Sebkha has
improved their location. Surprisingly, these zones are recorded as industrial lands in
the latest Master Plan [10].

Fig. 4. Land cover classification in 1986 (a) and 1996 (b) and extension of the built-up
areas (binarisation process) in 1986 (c) and 1996 (d).
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Fig. 5. Localization of the urban growth and its extensmn on the orlgmal
land cover categories.

In the South, the urban
growth is homogeneous around old
village centres [14]. All these
indications are taken into account in
the following paragraph to simulate
the trends of development. In a
second step, from the overlay
operation between the built-up
extension and the 1986 land cover
categories (Fig. 5a and c), two built-
up extension processes can be
identified (Table 3):

(1) A densification of low density
built-up areas (formal settlements
planned by urban policies);

(2) An apparition of new built-up areas
largely unplanned (so-called informal
settlements, Fig. 5b).

Table 3 Urbanization processes between
1986 and 1996

Type of whmimtion pocess ~ Original land cover categories (1986)
W % Spotmeoss Imgaedor Wetlnds

vegetation or amual erops

horicuture

B % he % ha %
(1) Densifcaton of the 394 35/ 1 [ 1 [ |

low density built-up
() Newbuibipmess 65665201 2 W 60 52 8
(inform settlements)

The densification process (35% of the growth) occurs at more than 80% in the
Urban Morphological Zone (UMA). The remaining 20% come from the densification
of surfaces in the old villages in the South and along the western side of the Sebkha.
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The new informal settlements (either high or low density) along the Sebkha represent
about 65% of the global growth (Table 3). The function of these settlements (resi-
dential type, industrial type) cannot be identified due to the resolution of the images.

Informal settlements extend Table 4 Calibrated weights attributed
primarily on agricultural lands and to each land cover classes
secondarily on natural vegetation

zones (Table 4). Over 10 years, they “& Veghts "ubar” - Waghts "wban
are more and more scattered all polential (4] growhh” potental (B
around the agricultural areas inducing  igh gemsity itp aea 9 l

a progressive reduction of this ., densiybultap aka 7 ]

activity. Natural areas also become Sponeneont et or | 5

more exposed. Such changes are .

observed in the south around the old @mmm

settlements which are in  full  migted oramual aops b

expansion [14], while the evolution of ~ 3bkha 0 0

natural vegetation zones are mainly  Weland 1 1

located at the periphery of the UMA
and close to the Sebkha.

The multiplication of informal settlements around the agricultural zones and the
Sebkha produce several negative impacts on the rural and natural environments.
Indeed, their expansion on unsuitable soils not intended for housing, often without any
public facilities (sanitary network, water supply), disturb the hydrological system
inducing pollution and disappearance of the natural vegetation of the Sebkha [10].

Industrial wastes are also discharged in the Sebkha because many industrial
activities have established near the capital and along the road network since the 1980s.
A general risk is present with the potential use of the water by the population and the
induced imbalance of the lagoon being drained and polluted on the long term.

The mutation of agricultural zones in urban settlements also leads to negative
impacts on the environment because the deforested lands become more susceptible to
floods. Furthermore, the loss of agricultural zones could incur a decrease in the supply
of crops to the population of Tunis.

5.3. Simulation with the Potential Model

The potential model has been applied in order to locate the possible urban extension
and forecast the development of informal settlements extension in the southwest of the
MAT. To remind, the simplest form of the model is applied without the introduction of
external data such as land ownership.

In a first step, the multi-criteria weighting procedure (urban potential A and
urban growth potential B) is used to calibrate the model taking into account the
interactions between the 1986 built-up areas and the constraints associated to the
Master Plan in 1996.

A first potential image, so-called ‘‘urban’’ potential is created. It defines the
situation of the built-up area in 1986. Weights are applied to different land cover
categories, according to the following constraints defined in the Master Plan (Table 4):
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- High weights for the built-up areas which are already urbanized,;

- Low weights for the agricultural and natural areas which have to be preserved
(following the Master Plan).

Then, a second potential image, so-called ‘“urban growth’’ potential, is created
by taking into account the real development over the period 1986-1996. The
calibration parameters (i.e. the weights) are defined by a trial and test procedure to
match the real development over the period 1986-1996 (Table 4):

- high weights for the land cover categories which have known an important
growth (hierarchically, the higher weights are attributed to agricultural lands
and then to low density built-up areas);

- low weights for the land cover categories in which the growth is not relevant
(wetlands and high density built-up areas).

The resulting composite image (combining both potentials), is presented in six
classes to enhance the comprehension of the results (Fig. 6a). It highlights the location
of the extension growth between 1986 and 1996.

The results show that the calibrated parameters identify the cohesion of the
inner city with some concentric halos. The UMA is identified with a high possibility of
urban extension. The surfaces along the western banks of the Sebkha and the old
villages in the south are identified with a medium potential growth. These observations
are in accordance with the extensions of 1996. The results also highlight a possible
growth of built-up areas on the agricultural-protected lands.

In a second step, the same weights are applied on the 1996 land cover
categories to locate the potential development of the built-up areas for the period
1996-2006 (Fig. 6b). The resulting image highlights the UMA cohesion without any
concentric halos. The concentric halos with high potential are localized in the
periphery of the old villages in the south and in the west of the UMA along the East-
West road.

It can be expected that these old villages will have a significant growth in the
near future. The other sensitive zones are located in the southwest where some
spontaneous vegetation could be exposed to a future urban development. These results
can provide to local authorities and other stakeholders indications on the possible
evolution of the studied area and may help in decision-making for future planning and
monitoring plans.

6. CONCLUSION

The phenomenon of informal settlement seems to be a crucial issue to urban
development monitoring in the Metropolitan Area of Tunis. Lack of relevant spatial
information may be obviated with remote sensing data. Time-series procedures offer
some possibilities for steady surveys of land cover changes. The articulation between
statistical approaches (supervised classification and post-processing) and potential
modeling capacities provides some support in decision-making documents to elaborate
future monitoring scenarios. Regarding sustainability issues, this kind of approach may
offer useful information on possible exposed land cover categories towards increasing
urbanization. In this paper, we have located and quantified the increase of built-up
areas in the periphery of the Metropolitan Area of Tunis. The data used (high-
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resolution images with a spatial resolution of 20 m) allows only the identification of
the extension of the built-up areas. Nevertheless, in order to precise this information
and to identify urban objects (for example to distinguish the housing informal
settlements from the industrial settlements), very high spatial resolution data (with
resolution of less than 5 m) has to be used.

(a) Potential growth of built-up in 1996 (b) Potential growth of built-up in 2006
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Fig. 6. Localization of the potential urban growth in 1996 and 2006.

Moreover, the both identified urbanization processes can have environmental
impacts over agricultural and natural areas. The most relevant process is the
transformation of protected agricultural areas by the multiplication of informal
settlements. Then, the built-up areas increase and densify the UMA along the Sebkha.
All these extensions risk to disturb the environment by increasing poor housing
conditions, uncollected solid waste, over-consumption of freshwater supplies, soil
pollution, erosion and loss of cultivated lands.Finally, the potential model appears to be
a useful tool to model the urban growth and to produce supports highlighting the future
development trends of metropolitan areas. It is expected that this method could be
applied elsewhere. The model can also be improved by additional information such as
land ownership registration.
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