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The earthquake of 1960 marked a turning point in the urbanization process of Grand
Agadir. Agadir`s reconstruction was launched a few months after the city’s destruction. It was
based on a desire to create a new town on a green field in a voluntarily attempt to adopt a
modernist model of urbanism. But the following years showed that urban planning in the Grand
Agadir faces more a crisis management than an expression of competence. Many issues depend
on the urban planning of Grand Agadir. Several actors (including speculators) are involved in
developing strategies and very different logics. Although all means of resources (land ownership,
financial and human) were mobilized to produce a model city, the mismanagement, the lack of
control in urbanization, the difficulty of controlling urban development and the influx of people,
coming from the rural exodus and attracted by the advantages of a sedentary life, have
determined profound changes in the spatial distribution of inhabitants. This study consists in
identifying the spatio-temporal dynamics of the urban space in Grand Agadir; this is a diachronic
study which integrates the classification method of maximum likelihood. It aims to monitor the
urban dynamics of Grand Agadir and the change detection in order to estimate the socio-spatial
mutations. For this we used the satellite imagery “Landsat-TM and ETM” over the period 1988-2005
which was complemented with the cartographic materials and aerial photos. This processing
allowed us to produce maps that illustrate the spatial distribution of urban development forms
and to show the impact of urban sprawl.
Keywords: urban management; remote sensing; diachronic study.

Introduction
The urban development of Grand Agadir is unique within the region
because it is an entirely new city which has just completed its stages of
reconstruction after the earthquake of 1960. This particular evolution in the
recent decades has resulted in a rapid development of all its cities while
registering the highest growth rates in Morocco; recorded at 8.13% for Aït
Melloul and at 10.2% for Tikiouine during the interval 1982-1994 while the
national average is 2.06% for this period.
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Since the ’60s of the last century, the demographic, economic, social and
cultural mutations that intervened in Grand Agadir have triggered profound changes
in the spatial distribution of inhabitants. Because of its position at the crossroads
between North and South of Morocco, Grand Agadir underwent a major economic
development, which led to a population growth that resulted not only from the
natural excess, but also due to a strong immigration of both rural and urban origin.
In the perspective of city planning, the urban landscape of Agadir city
reflects a deliberate policy through which the neighborhoods are differentiated
by their function, morphology and also by their social composition. The
specialization of neighborhoods and the spatial discontinuities are very striking.
In this context, our study is based on a thematic approach and on multisource
data analysis (of the demographics, the environmental potential, economic
activities, urban planning, housing, infrastructure, environment) that allows us
to reveal the data, which most often is either numerous or complex, through a
synthetic vision and to identify the constraints and advantages of urban
development. We are particularly interested in studying the constraints that are
specific to urban development and their impacts using diverse thematic
cartographic supports and satellite imagery.
These multi-scale materials were used to analyze the mechanisms behind
urban development. We also used the satellite imagery Landsat TM and ETM
on several dates along with various existing cartographic documents (aerial
photographs, topographic maps); these different documents are complemented
by several field observations, survey results and other data (demographic, urban
and economic). This study consists in the identification and analysis of the
urban development and the spatio-temporal dynamics in the Grand Agadir
between 1988 and 2005. The results allowed us to provide relevant explanations
beyond the standard analysis of the spatial categories “urban”-“suburban”
which are too simplistic for the current spatial and social diversity. Therefore it
seems essential to understand the relationships, the flows and the
interconnections between these two spaces, not to mention the less tangible
effects which are induced by the development actions and to analyze a number
of issues and processes related to the urban extension.
This paper is structured into three main parts: after a description of the
study area and the methodological approach of the satellite data processing, we
presented the results and we concluded with a detailed analysis of the urban
development (forms, issues, dysfunctions and impacts) in the last section.

1. Study Area
The study area is limited to Grand Agadir, a large urban center, located in
the north-western part of the Souss plain, along the Atlantic Ocean and bordered
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to the north by the massif of the High Atlas. Its latitude is 30 25’ north and the
longitude is 9 36’ west (Fig. 1). It is part of the Souss-Massa-Draa which
extends over an area of 70,880 km², or 9.9% of the total area of Morocco. This
region includes the provinces of Tiznit, Taroudant, Ouarzazate and Zagora.
Grand Agadir covers an area of nearly 145 km², starting from Anza in the
north to south of Aït Melloul, including Tikiouine into the east (see Fig. 1). Its
structure is composed of several urban units that were promoted, over the
previous decades, to the status of municipalities, thus sharing the territorial
management of the urban cluster.

Fig. 1. Location map of Grand Agadir: Geographical situation
and morphology

It currently includes: Agadir, the main town and regional metropolis from
southern Morocco and the broader urban community that includes four cities
(Agadir, Anza, Bensergao and Tikiouine); Inezgane, a traditional trading town,

ATIK MOHAMED, ABDELLAOUI ABDELKADER

40

located at 10 km south from Agadir and a municipality to which two dormitory
town, Jorf and Tarrast, are attached; Dcheira and Aït Melloul representing two
major municipalities, the first, located along the main road number 32, acts as a
bedroom community while the second one is positioned on the left bank of wadi
Souss, at the intersection of roads from Tiznit and Taroudant. These
municipalities account for a total built-up area of 3,000 hectares with a total
area of 20,516 hectares and concern a population of about 67,859614
inhabitants, according to the national census of 2004, with a growth rate of
around 10%, since 1960. At the morphological level (Fig.1) the western High
Atlas of EW direction overlooks the present town and the harbour on the north
side by a vertical drop of 200 meters. Its altitude increases eastward to rise over
400 meters at Talkjount which is located above, at 6 km from the Kasba. This
mountain, as a whole, takes the form of a plateau lined with an endemic
vegetation cover (Ait Hssaine, 2000) which is characteristic for this region and
unique in the world (argan trees and thorny euphorbias).

2. Methodology
Our work focused on a thematic approach to detect the change of urban
space (Table 1).
Table 1
Data Used in the Study
Type of Data
Satellite image

Sources
Landsat TM
Landsat ETM

Aerial photo

Holding Omran

Topo map
Socio demo stat

Urban Agency of Agadir
PhD thesis Atik

Date
Feb 9th 1988
march 02 ; april 05
1994
1994
2003 ; 2005
2009

Scale/Resolution
30 m
28.5 m ; 28.5 m
1 :30,000
1 :17,500
1 :50,000

The satellite images were captured at different moments in the year and
consequently it was necessary to apply appropriate pre-processing in order to
make them comparable (Jensen, 1996). In addition, we have chosen several
training sites in the area. Thereafter, change detection is based on a supervised
classification of the images and a comparison of results which is meant to
highlight the changes from one date to another. The advantages of this approach
consists in the fact that not only we got a complete image of the entire study
area at different times and we were able to identify all pixels that have changed
their status between the two dates, but we also delineated the nature of these
changes. Fig. 2 summarizes the processing flowchart that we followed.
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TM : 09/02/1988
TM : 19/03/2002
ETM : 12/04/2005
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External data:
Cartographic support
Aerial photos
Socio-demographic and
urban data

Pre-processing:
Window extraction of the scene
Resampling the pixels
Radiometric correction:
enhancement and improvement
of the dynamics
Binary extraction and threshold

Results’ validation
Evaluation
Verification
Visual analysis
Validation

Processing:
Supervised classification:
maximum likelihood
Diachronic study
Filtering and linage: alternate
sequential filter

Result:
Mapping the evolution of the
urban area between 1988 - 2005

Fig. 2. Flowchart of the methodological approaches tested in the study

2.1. Pre-Processing
It is generally necessary to pre-process the data prior to analysis. The
objective is to improve the images` quality in order to enable their interpreting.
In this context we conducted a string of classic processing:
Resampling: In order to have a homogeneous and medium spatial
resolution of 28.5 m we used a cubic convolution technique. This
sampling function, which uses a bi-cubic approximation of the 16 closest
neighbours to the concerned pixel, makes the image to be locally
modelled by a polynomial surface (Abdellaoui and Rougab, 1995). In
the end, we obtained several spectral plans that will perfectly match at
each pixel level, with the reference image (image of year 2005). The
accuracy of these transformations varies with each image; in our case
the operation produced an average error of calibration (Root Mean
Square Error) of 0.258, which is acceptable (Moller-Jensen, 1990).
Enhancement and improvement of the dynamics: The initial image
is not very legible because of the low contrast, considering that most
pixels are on a small range of coding scale (0; 255). Increasing the
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dynamics can already make the different channels more legible and
therefore it’s easier to recognize the major themes which are present
on the study scene.
Extracting the study area and other basic processing: After
extracting the study area which covers the Grand Agadir and its
surroundings, we have defined the area of urban influence by turning
our basic images in binary images through codifying their pixels with
different values: 1 for urban area and 0 for others. A threshold was
performed in order to isolate the urban unit as it is very useful to
exclude vegetation and water (sea and river) from urban areas so to
reduce the computation time and to avoid any confusion between
vegetation, open soil and the constructions.

2.2. Basic Processing
2.2.1. The classification of the urban areas
Classifying the urban areas with the help of satellite images is a complex
task, because these images do not exhibit a unique and distinguishable spectral
response (Weber, 2001). Many researchers have already presented methods to
improve the classification of urban areas using remote sensing data. These
methods, based on pixels or objects, are very diverse and vary according to the
data that were used and also the study areas on which they are applied. They are
also difficult to categorize because there is a mixture of methods that were
created to extract information from the images. These approaches include, in the
classification process, the incorporation of auxiliary information, for example,
spatial data (Harris and Ventura, 1995; Zhang et al., 2002), contextual data
(Gong and Howarth, 1990; Shaban and Dikshit, 2001; Weber, 2001; Gluch, 2002,
Cabral et al., 2005). Other authors propose the use of indices (Abdellaoui et al. 1997;
Abdellaoui, 2009, Zha et al., 2003; Biraud-Burot, 2005), the analysis of spectral
composites (Phinn et al., 2002; Lu and Weng, 2004), the use of expert systems
(Steranov et al., 2001) or the use of neural networks (Civco and Hurd, 1997;
Zhang and Foody, 2001). Some results show that information retrieval based on
objects is presented as an attractive alternative to classify images.
The classification method of maximum likelihood that was used in this
work proved to be the most effective in distinguishing between urban areas and
non-urban areas since it is based on the statistical evaluation of the
classification’s quality. This method implies the definition of training sites for
each reference class (Fig. 3) with a Gaussian distribution (Jensen, 1996). The
minimum number of pixels that must compose the training site for each class
has to be 10 times greater than the number of channels that were used for the
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classification (Jensen, 1996). The choice for these areas may involve a certain
degree of subjectivity because it is the analyst who determines the training sites
and establishes their number, their location and size. To meet the normal
distribution, we used for the selection of training sites, the groups obtained in
the unsupervised classification with ISOCLUST algorithm. Thus it ensures the
selection of homogeneous areas. These thematic classes (urban3, bare soil and
vegetation) were defined in order to assess the types of land use which were
affected by urban growth. Consequently, these training sites were used to obtain
the spectral signatures of these classes (Fig. 3).

Fig. 3. Location of training areas and their spectral signatures

The visual analysis of the classifications for different dates has detected
some indications relative to the change from built-up to un-built that doesn’t
correspond to the reality of Grand Agadir. Similarly, we observed confusions
between built-up and bare soils due to the approximation of the radiometric
values between these two classes, the heterogeneity of urban objects and bare
soil (roads, quarries, rocks), making it difficult to establish the representing
3

We considered in this work, the “urban” as a geographical space that is based on the
continuity of the built-up, which is seen as the delimitation of the urban space.
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thematic classes. Some apparent changes were produced by the spectral overlap
between classes or pixels located at the boundaries. In this sense, the road
network, especially the routes which separate the islands of urban expansion,
have created a lot of confusion within some pockets of built-up. For example, in
the classified image of 2003, these roads have been assigned to the built-up
class while in the image of 1988 they have been omitted from this class (maybe
because of the vegetation effect). Other changes were produced by significant
variation in the vegetation cover, in this case the differences between
phenological dates. Taking into account these confusions, the rule of maximum
likelihood was repeated several times in order to improve and validate the
results and isolate the built-up from the un-built. The training sites were
modified during iterations, so as to obtain a threshold of sufficient satisfaction
(90% correct classification and a kappa coefficient which should be greater than
or equal to 0.8); the selection of the channels permits the exclusion of redundant
spectral information resulted from the classification process and thereby to
obtain a better discrimination of the classes (Jensen, 1996- Im and Jensen,
2005). The statistic of the transformed divergence (Swain and Davis, 1978 in
Jensen, 1996) was used to evaluate the best combination of channels. We
obtained the maximum spectral separation using six channels simultaneously
(TM1, TM 2, TM 3, TM 4, TM 5, TM 7). Then we reduced the number of
channels while maintaining the maximum value of the processed divergence’s
statistics in order to reduce the information’s redundancy. This maximum value
has remained intact until the use of four channels with 15 different possible
combinations. After trying these 15 combinations with the overall accuracy and
kappa statistics, we found that it is the combination of channels (1, 4, 5 and 7)
which leads to better outcomes for the urban class.
To eliminate the noise and the roads, we applied a variant of alternating
sequential filter (Serendero, 1989; Serra and Lovely, 1997; Soille, 1999); this
operator is formed by a succession of closures and openings of increasing size.
This filter replaces at linearity the growth criterion and is better adapted to the
structure of visual perception; it simplifies an image without smoothing it and
thus it allows preserving the contrasts (Abdellaoui et al., 2006; Gadal, 2003).
The outcome of processing allowed us to isolate the urban area for each date as
shown on Fig. 4.
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Fig. 4. The urban area in Grand Agadir between 1988 and 2005

2.2.2. Colored composite image of the urban evolution
For a diachronic study, we first combined pairs of images: ’88/2002
followed by 2002/2005 and afterwards `88/2005; in these combinations the
interpretation is much simpler. Then we produced a superposition of three
images by assigning the blue band to the classified image of year 1988, the
green to the classified image of 2002 and the red to the most recent image
(classified image of 2005). The resulting composition is coloured only where
changes have occurred from one date to another; the image of regions that have
not undergone any changes appear in black or white. Thus, the juxtaposition of
the intensities of these three colours can be, in additive fashion, a variety of
colours in accordance with the seven possible combinations, so we obtained the
colour of each pixel in the resulting image of d(p) by the following combination:

ATIK MOHAMED, ABDELLAOUI ABDELKADER

46

d(p) = a(p) [B] + b(p) [V] + c(p) [R]
a(p), b(p) and c(p) represent the values depending on the intensity of the pixel
for the oldest component or the most recent one
Table 2 summarizes the logic of the possible combination according to
the primary RGB colours which were assigned to each classified image and the
intensity’s values of these binary images (0/1).
Table 2
The Logic of the Diachronic Coloured Composite

0
0

Green
(Image
of 2003)
0
0

Red
(Image
of 2005)
0
1

0

1

0

Green

0

1

1

Yellow

1

0

0

Blue

1

0

1

Purple

1

1

0

Orange

1

1

1

White

Resulting
colour
Black
Red

Interpretation
No change
Built-up appeared in 2005
Built-up appeared in 2002
and disappeared in 2005
Built-up appeared in 2002
Built-up appeared in 1988
and disappeared in 2002
Built-up appeared in 1988, disappeared in 2002
and reappeared in 2005
Built-up appeared in 1988
and disappeared in 2005
Built-up appeared in 1988

The various processing which were performed made it possible to map
the evolution of the urban area and its periphery (Fig. 5).
The final result is consistent with the realities which were observed on
the field and to the baselines (topographic maps, aerial photographs). The
colors white, red and yellow symbolize the evolution from the three dates:
1988, 2002 and 2005. However, several precautions must be taken for the other
colors (green, purple, orange and blue); the interpretation is based on a
detailed examination of all these new objects that appear (purple) or disappear
(blue and orange). It may, indeed, be either new constructions (they stand out
well if they are contiguous and numerous, however they are more discrete in the
case of isolated buildings or houses), disappeared constructions, or
constructions where the roof could be confused, on one image, with the streets
or vacant land (the case is not unusual if we think about dirt roads and houses
with tin roofs that are covered with dust or the case of slums) and which
suddenly appear more reflective because they was renewed, or simply washed
away by rain. It must be also noted that the color green, symbolizing the
objects which disappeared in 2002 and 2005, presents in most cases the
construction of precarious housing that has been eradicated during the programs
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for the elimination of slums or for changing the form and layout of plots. It was
complemented with the launching of the subdivision (the case of Hay El
Mohammady subdivision), or the appearance of some buildings on the site of
old demolished buildings.

Fig. 5. Chronological evolution of the urban area in Agadir between 1988 and 2005

3. Results and discussion
3.1.

Grand Agadir a dispersed agglomeration

The comparison of classified images and their representation on a final
satellite image map (Fig. 6) allowed the identification of the urban dynamics.
The urbanized area (obtained through multiplying the number of pixels from
each period through a medium and homogeneous spatial resolution of 30 m)
and perceived as the total built areas which consists of dense built-up, of
residential constructions, tall buildings and urban construction sites, amounted
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from 100,919 ha in 1988 to 206,625 ha in 2005. Between the two dates, the
extensive built-up increased by 145,706 ha, representing a growth rate of 60%
in 17 years. The area covered by the urban pattern which was studied for the
period from 1988 to 2002 is approximately 196,105 ha and for the period from
2002 to 2005 is merely 10,520 ha. These figures were calculated from the
digital processing and correspond to 90% of the official records from the
Regional Inspectorate of Housing, Urban Development and Spatial Planning
(IRHUAE) and of the land holding in Al Omran Souss Massa.
Urban development in Grand Agadir was achieved in a linear fashion
along the thoroughfare harbour-airport on about 30 square kilometers with a
total area of 159 square kilometres. It includes five urban entities (Agadir,
Tikiouine, Inezgane, Dcheira and Aït-Melloul) which are autonomous and
individual, of greater or lesser size and articulated relatively to each other and
according to their economic and urban vocation as well as their situation along
the local route, particularly along the RN 10 and RN 1. This development is
determined by two important elements: first, by its physical and natural environment
(blocked to the north and east by the natural barrier of the mountain and the
Souss Massa National Park to the south, the agglomeration is now expanding on the
plain, on each side of the wadi Souss) and secondly, by its economic and demographic
dynamics. The profound changes that have occurred in the outlying communities
(Tikiouine, Inezgane, Dcheira and Aït-Melloul) have also been subject to a
particularly important urban growth: Tikiouine (95.15%), Aït-Melloul (85.13%)
or Bensergao (70.63%). With the exception of the city of Agadir where urban
development has been achieved in a planned approached (the launching of
several subdivisions and an urban project), the outlying communities developed
in a spectacular haphazard way.
This great economic dynamism of Agadir is the most important element
that explains the demographic and urban development in recent decades. Since
the general population census of 1982, the great urban centres which compose
Agadir experienced the largest increase in population at the national level.
Grand Agadir has seen its population growing at a very high rhythm between
1982 and 2004 from 256,234 to 678,596 inhabitants, or with an average rate of
annual growth of 4.5% (while the national average was 3.2% for the same period).
The population’s density was established in 2004 to 4,138 inhabitants/km2, in
comparison with 3,076 inhabitants/km2 in 1994 and with 1,574 inhabitants/km2
in 1982. It grew by 35% over the past ten years, with the implications of a
migration flux that was always important and the obvious attraction for this region.
By consequence, Dcheira and Inezgane face the highest density (8,937 and
8,673 inhabitants/km2 respectively) because of their small size, while the
municipality of Agadir is the least dense (3,360 inhabitants/km ²).
This demographic explosion leads to an uncontrolled urban dynamics, a
dispersed and a fragmented agglomeration. Its rapid evolution and design are
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based on a strong segregation of functions which have shaped a splited space
and a poorly connected city, which suffers from the lack of centrality and of
attractive convivial places.

Fig. 6. The illicit urbanization in Agadir in 2004

The analysis of the spatial representation of cities according to their
population growth rate between 1960 and 2004, allows us to distinguish two
urban forms (Fig. 6):
• The urban built-up space: planned and managed urban area (Agadir) with
a concentration of facilities, services and employment in well-defined
areas in the city of Agadir at the expense of the rest of the
agglomeration. The habitat’s offer is diverse (subdivision, residences).
• The non-regulatory extensions that cover a variety of forms: from the
slum in substandard housing or urban sprawl that contributes to the
decrease of agricultural areas (Fig. 4). Each form reveals a specific
production process and involves actors who act according to a particular
logic. The substandard housing is by far the most dominant form, the
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most dynamic in its growth and redeployment forms, and the most
problematic for interventions which are designed for regularization and
urban integration. It infects the peripheral bedroom communities
(Inezgane, Dcheira and Tikiouine) who are isolated and poorly
equipped (weak equipment, inadequate infrastructure).
In parallel to the development of regulatory planning in Agadir, there is
an accelerated proliferation of both types of substandard housing. Firstly the
nuclei of slums that are growing rapidly throughout the urban fabric should be
mentionned. According to RGPH (1994), 10,331 shacks were counted,
representing nearly 18.3% of the urban population; Agadir is the most affected
commune with 4,391 shacks, followed by Anza with 3,784 shacks, Bensergao
with 2,579 shacks and finally Tikiouine with 552 shacks (Fig. 7).

Fig. 7. Evolution of the slums in Agadir between 1989-2004

Moreover, the clandestine habitat areas have expanded away from any
regulation or planning, leaving them without any infrastructure equipment. The
last ones have 27 clandestine neighbourhoods (the phenomenon has grown very
rapidly in the municipality of Agadir especially in peripheral centers (Anza,
Tikiouine, Bensergao), along wadi Souss and main roads in the dormitory cities
(Inezgane, Aït Melloul, Dcheira)) with a total area of 2,539 hectares on which
resident 36,966 households or about 184,000 inhabitants.

3.2. Urban Dynamics: Impact and Dysfunctions
The town of Agadir is a victim of its economic dynamismand of its social
and urban development. Also, what is nowadays a major asset and an indicator
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of vitality, later becomes a handicap. There are a number of spatial disorders as well
as social problems which are already visible and others which are starting to cause
problems on the medium to long term. A hazardous urbanization leads to
generating under-equipped neighbourhoods that are encroaching in certain places
on the agricultural or forest areas (located in random areas sometimes). It also
threatens the environmental balance and pollutes groundwater by discharging
untreated sewage water. It concentrates an urban and/or suburban proletariat which
is open to all ideological influences that are latent or sometimes extremist in their
simplistic desire to solve complex socio-economic issues by demagogic equations.

3.2.1. A spatial Segregation which Reflects a Facto Urbanism
The discrepancy is obvious between the objectives of the planning
documents and urban reality; the comparison between these two indicates that
the planning tools play a more supportive and legitimacy role of a reality that
transcends them. This causes many problems: an inconspicuous and disoriented
urban space, important misused soil surfaces, large and poorly defined public
spaces which are difficult and expensive to maintain. The peripheral areas
accuse a lack of functional vitality and an urban atmosphere that reminds of
“unfinished business” and an urban sprawl which reveals immense spaces
without grace, under-equipped and difficult to manage.
Neighbourhoods are differentiated by their function, morphology and also
by their social content (Ben Attou, 2005); specialization of neighbourhoods and
spatial discontinuities are very striking in Agadir which offers the image of a
city which is deeply missing cohesion and unity. The principle of zoning, which
was adopted for developing the plan, has created problems of functional
linkage, considering that each zone is excluded and isolated from the others.
The very planned and controlled development of Agadir, the high price of
housing and land imposed a new problem to the newcomers and low-wage
workers who have found it very difficult to locate housing. Most of them were
forced to settle in nearby centres (Bensergao, Tikiouine, Inezgane and Aït
Melloul) which are excluded in the development plans from any attempt to be
integrated in the new town. The isolation and ignorance of the periphery
favoured the development in an anarchic and spontaneous way of the housing
and the non-regulatory slums since 1970.

3.2.2. Illegal urbanization in the zones of risk and environmental problems
The environment has been ignored in all development plans, during the
reconstruction period and later on, without any concern for integration. The
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uncontrolled spatial extensions that were experienced by the city had the effect
of mutating the formerly existing original small and medium towns in urban
agglomerations. The accelerated development couldn therefore not be
controlled by the city’s managers. This is why we find ourselves today in the
face of degraded public spaces in a poor urban environment, where the built-up
is in a poor condition. A major finding emerges when discussing natural
resources. There are great destructive effects that were undergone by the argan
forest ecosystem in particular. The argan tree (Argania Spinosa) is a tropical
species unique to Morocco, which dates back to the Tertiary. This multi-purpose
tree (social, economic) that survives at the latitude of Agadir in a desert-like
climate is a particularly threatened species today. This phenomenon couldn’t be,
in any case, explained by a geographical determinism (prolonged drought,
decline in the argan forest area, etc.), but through urban sprawl. According to
the existing data, the regression of the argan tree has reached 70% of its
range of initial occupancy and its disappearance rate would be of about 600 to
1,000 ha/year (Fig. 6).
In a landscape dominated by flat plains, basins with steep slopes, the
phenomenon of flooding represents a serious threat during heavy rains;
including the floods that affect urban areas. During the reconstruction phase,
wadi Tildi, Tanaout and Lahouar were abandoned, probably for reasons of cost,
causing flooding. For financial reasons among others, many prefer to bury their
heads in the sand or to use deceptive improvisations. The few existing dams are
insufficient and channelling the wadis causes the activation of violent currents
that reinforces the topography of the city. With the proliferation of non-regulatory
areas, this natural phenomenon is a significant risk that can cause the loss of
human lives and material damage. In Agadir, which is passed by four wadis, we
find that the banks are often urbanized without any precautions. The main wadi
is Lahouar for which not even the presence of crossing works would not be
enough, because of their undersized dimensions. This is amplified by the
degradation of vegetation cover upstream, sedimenting in the wadi`s beds and
their occupancy by buildings and the gradual disappearance of the flood plains
(Bailly, 1991) (Fig. 6).
The piedmont area is one of the areas that are exposed at a high risk of
flooding; this site is located at 300 meters above the sea level in a mountainous
topography which is characterized by steep slopes, including depressions and
large devastating floods (Fig. 6). In addition, the site is vulnerable to risks of
landslides such as falling rocks and boulders, sometimes of large sizes,
frequently caused by heavy rainfall and the nature of the slopes, but also by
earthquakes that are produced by the geological instability of the site. Indeed,
the site is classified as a seismic zone and is dangerous because of the proximity
of the fault from wadi Lahouar; so building in the area should be forbidden.
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Another problem that arises in this environment is the development of
chaotic areas and neighborhoods called “shanty towns” that are often located
and constructed in areas exposed at risk (unstable land, sloping areas or
floodplains). They represent a great threat to human safety. This is apart from
their location on seismic zones that are corresponding to faults of tectonic
plates, especially for those of them which are located at the foothills (Fig. 6).
All these problems favour the risk of social conflicts. Poverty and poor
living or “existence” conditions are making difficult to meet many basic needs.
Consequently we are experiencing a situation of lack in areas with food
resources (nutritional imbalance), health services (lack of access to primary
care), education services (no schooling) and the growing of poor housing.
Another problem which adds is also the total exclusion and inequality that is
exerted by the government (lack of action and fight against poverty). All these
are the reasons that can cause social dissensions in these neighborhoods and a
conflict that may threaten the peace and the social and economic stability. This
is an intolerable situation and a real risk to the environment.
In conclusion, the lack of overall planning and participatory approach,
have resulted in failures within the Grand Agadir which have weakened the
hinterland and have produced an imbalance between the spaces of this
agglomeration; the whole at the expense of a diversified natural potential and as
a threat to the environment.

Conclusion
In this paper we combined multi-temporal satellite image processing and
other cartographic materials. We tested various methods overseen classification
of satellite pictures on data Landsat (TM-ETM +) and on aerial photography.
So, the results show a good urban extraction. Several automatic methods were
proposed in the literature, but it is difficult to obtain very satisfactory results in
each case. Nevertheless, our system constitutes an effective proposal for an
application on images satellite with low and middle resolution. These
processing allows to map and to highlight the urban spreading, as long as it
regards the area and the spatial configuration of the city, with emphasis on the
present moment, on its evolution and the spatial configuration during a lapse of
time. Maps produced at the end of the classifications are going to direct the
inquiries of ground and are intended to analyze better the urban spreading as
well at the level of the built-up area or the extension of the urban districts of
Grand Agadir. The combination of the various data (cartographic and
photographic data) will allow to understand mechanisms and processes of the
urban spreading: transformation or conversion of spaces not built, in built
spaces, the densification and/or urban extension, the explanatory factors, etc.
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The metropolitan area of Agadir has experienced during the 1970-2005
period several strong urban and human pressures under the considerable effects
of population and economic growth of the composing centers. This dynamic
urban centre starts to pose questions of substance in terms of territorial
planning, organization of productive activities and competitiveness. These
questions are even more crucial since the emergence of large urban centers is, in
the context of globalization, a main determinant of attractiveness. This
urbanization is also a powerful vehicle for social transformation and human
development of the population. Indeed, by urbanizing, the society is open to
new values and multiple mutations. Among the major socio-spatial mutations
that the territory of Agadir has experienced in recent years, urbanization has
been arguably one of the most striking. If this change has created significant
potential for stimulating the economy, equipment and modernization of the city,
it also raised many new challenges: infrastructure provision, housing production
in sufficient quantity, the accumulation of poverty, degradation of the natural
environment, the magnitude of the collective costs in cities, the limits of
traditional regulation in urban management.
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