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Highlights  

The main objective of this study is to evaluate, analyze and visualize potential alternative scenarios for 

urban development of Monastir until 2030. Thus, the study uses local quantitative and qualitative 

knowledge to give a spatial and temporal assessment for different urban expansion pathways of the 

city. Finally, the attained results with the collaboration of the municipality would potentially contribute 

in improving local policies and in enhancing further informed-decisions. The general conclusions are: 

V The simulations recognized various degrees of in-fills and fringes in four focus zones of Monastir.  

V Based on the business as usual scenario the city is likely to grow by additional 127 ha to an overall 

size of 1690 ha by 2030, corresponding to 8.1 % growth compared to 2017. 

V The road network seems to reflect its importance in the different simulations. The road gravity 

growth is expect to be more visible as some of the urban growth would heavily rely on the 

transportation system with considerable violations through unauthorized settlements along 

principal streets (e.g. RR92, RR100 & RL839) . 

V Even with the new changes on the city plan (Monastir city plan, 2018), which reclassified a large 

agricultural area, the green cover in Monastir (Zone III & Zone IV) is expected to continue 

decreasing through the informal building activities by 2030.  

V Examining the alternative scenarios, the outcomes revealed that Zone IV will have the slowest 

urban growth, whereas Zone I, Zone II and Zone III appeared to have close but faster growth by 

2030.  

V With the recent change in the city plan, which created a tremendous space for the urban 

expansion, Zone I appears to have the fastest growth compared to the other city districts 38-45 

ha.  

V The conducted simulations predicted illegal buildings on the third and fourth zones mainly due to 

the pressure from the surrounding urban areas and the proximity to principal streets and 

intersections.  

V It can be concluded that Monastir growth by 2030 will be mainly in the form of in-fills and nearby 

the present urban areas.  

V Based on the presented analysis, the city planners would test environment-friendly plans that 

would optimize the land occupation and save the highly valuable lands, so far rapidly consumed, 

in Monastir. 
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1 Introduction 

One major objective of the UD-RASP project is the development and simulation of possible future 

urban risk pathways to support preventive and adaptive urban planning. Getting a detailed 

understanding of whether, where, and how cities are growing within or into potential hazard-prone 

areas (e.g. flood zones) is therefore an urgent prerequisite for assessing future risk trajectories and 

informing decision-making. However, this analysis has been greatly neglected to date, as most climate 

change and disaster risk research has focused on the assessment of future hazard trends (e.g. flooding) 

and not on the assessment of how socio-economic changes and urban growth affect future hazard 

exposure. Urban growth and expansion modelling provides a powerful tool in this context, given that 

urban growth is one of the prime drivers of future disaster risk in cities.  

The approach applied here progresses from a set of stakeholder-driven narratives of possible future 

urban growth in the coastal city of Monastir, Tunisia, that are verbal descriptions of the development 

to an operational application that simulates quantitatively different scenarios of future urban 

development. The methodology includes consecutive focus group discussions (FGDs) with local 

stakeholders to: (1) define the main sectors that shape the development of the city (e.g. industrial, 

housing, agriculture, etc.), (2) frame the development in a two-dimensional scenario space along two 

major axes that were defined by local stakeholders (here: strong vs weak economic growth and strong 

vs weak law enforcement). Each quadrant in the scenario space denotes one family of scenarios, where 

ΨǎŎŜƴŀǊƛƻΩ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘ ƛǎ ŀ ŘŜǎŎǊƛǇǘƛon of a future possible state as an alternative image of how the 

future can unfold, (3) design a plausible typical scenario of each family which considers the spatial 

impact of future changes in the city for the determined time. In addition to the four alternative 

scenarios, a business-as-usual scenario (BaU) is used to predict the future growth of the city based on 

the historical trend. Thirteen Landsat images for the period 1975 to 2017 were used to delineate 

changes in urban land cover for Monastir following the European Urban Atlas Guide, which served as 

the main input for the urban growth model (UGM). Multiple statistical tests were conducted to check 

the performance of the model, indicating good performance and high accuracy of model outputs.  

The simulations show that the city has grown from 907 ha in 1975 to 1562 ha in 2017. Based on the 

BaU projection the city is likely to grow by additional 127 ha to an overall size of 1690 ha by 2030, 

corresponding to 8.1 % growth compared to 2017. Further, the results showed that strong law 

enforcement scenarios would have beneficial effects in terms of reducing the consumption of land for 

urban expansion and enhancing the compact growth of the city. On the other hand, the two weak law 

enforcement scenarios showed much faster depletion of cultivated land with a potential reduction in 

the quality of public services due to the stress on the infrastructure created by the uncontrolled and 

unplanned growth.   

The scenario analysis conducted here presents an opportunity for evaluating and visualizing the 

potential impacts of different city plans and policies, which would guide towards more managed and 

consequently more sustainable development if such plans are implemented and enforced. The 

presented approach can support planners to evaluate the impact of different policies on future urban 

expansion ς and as a next step ς also future exposure and disaster risk, and hence can support the 

planning of preventive action and sustainable, risk-informed future urban development.  
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2 Materials and methods 

2.1 Study area 

 
Figure 1: The geographical position of the city of Monastir 

 

Monastir is a mid-sized coastal city in the centre of Tunisia (Latitude: 35° 46' 40.76" N, Longitude: 10° 
49' 34.21" E) with an area of 5010 ha and a population of 104,535 according to the 2014 Census (The 
National Institute of Statistics, 2017). The city occupies a peninsula on a semi-flat plain, bordering the 
Mediterranean to the North and to the East, see Figure 1. The city is administratively divided into seven 
districts (Er-Rbat, Bab El Gharbi, Medina 1 & Medina 2, Hilia 1, Hilia 2, and Skanes) (The National 
Institute of Statistics, 2017). According to the 2014 census, the urbanization rate is close to 100%, 
which is very high compared to the national rate of 68% (The National Institute of Statistics, 2017); 
(United Nations, 2017).  

Since 1975, Monastir has issued a series of three consecutive city plans (Urban management city plan, 
1991) (Urban management city plan, 2013) (Urban management proposed plan, 2018). The plan is a 
municipal document prepared as a suggestion by the municipality to modify the base land use plan 
within the administrative boundaries. After the approval of the suggestion, it is recognized as the 
planning guide of the city for a 10-year period and used to issue the building authorizations.  
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2.2 Methodology 

The main objective of the work presented here was to simulate different scenarios of possible future 

urban expansion until 2030. The applied methodology is a hybrid approach that combines the results 

of participatory scenario workshops, multi-temporal remote sensing data analysis, and data-driven 

modelling.  

2.2.1 Participatory scenario workshops  

Two participatory scenario workshops were organized in Monastir, Tunisia, in October 2017 and May 

2018 to co-design the urban growth scenarios and collect feedback on the initial model outputs before 

finalizing the scenario development and urban growth simulation.  

The first Scenario Workshop was held on the 26-27 Oct 2017 in the municipal premises in Monastir 

with the objectives of: (1) framing the development in a two-dimensional scenario space along two 

major axes (see Figure 2 & Figure 3), (2) defining key drivers of and potential consequences for urban 

growth in Monastir (see Figure 4, and Figure 6). In addition to the project partners, 30 local 

stakeholders participated in the workshop including representatives of local government and civil 

society. A detailed list of participants is attached in the Annex I.  

 

Figure 2:  A snap shot from Scenarios Workshop I 

 

During the scenario workshop, the first two steps of a four-step approach adopted from (Garschagen 

& Kraas, 2010)  were pursued for participatory stakeholder-driven scenario development.   

1. The first step of the method focusses on the collection of key drivers of urban growth in the 

context of overall socio-economic development. Workshop participants were asked to list 
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what they perceive to be the most important drivers of past urban growth and to provide a 

brief explanation to the group.  

2. The second step aimed at developing two major axes along which a scenario space can be 

spanned. Previous experiences in other projects (e.g. BELMONT Forum funded TRUC project) 

of UNU-EHS have shown that for participatory processes and communication purposes, it is 

very difficult to combine more than two major axes of overarching trends. Hence a four-

quadrant scenario space (here focussing on strong vs weak economic growth and strong vs 

weak law enforcement) was identified where the axis were defined by the participants (see 

Figure 3). Both factors, i.e. economic growth and law enforcement were perceived as decisive 

for shaping possible future urban development trajectories in the city.  

These two steps were followed during the first scenario workshop, followed by a short survey and 

discussion on the local perception of participating stakeholders regarding the attractiveness/ 

resistance of different land use/land cover (LULC) classes to future urban growth (see Annex II).  

 

Figure 3:  Scenario framework established within Scenarios Workshop I 

 The second Scenario Workshop was carried out on 14-15 May 2018 in Monastir with the objectives 

of: (1) presenting the preliminary results for the business-as-usual (BaU) projection; (2) identifying and 

defining the main sectors that shape the development of the city (e.g. industrial, housing, agriculture, 

etc.; (see Figure 4); and (3) integrating the local knowledge in designing the alternative scenarios. In 

addition to the project partners, eight local stakeholders and the urban planning department of the 

Municipality participated in the workshop. Thus, each scenario was formed considering a set of 

assumptions for each sector that shape the development of Monastir and thus were used as an input 

for the urban growth model, see Annex III. During and after the workshop a series of bilateral meetings 

were held with representatives from the different sectors. The bilateral meetings held within the 
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second workshop refined the model assumptions regarding the attractiveness and resistance of the 

city classes to urban growth. Moreover, the new city plan (2018) for the next 10 years was proposed 

and waiting approval before replacing the currently used city plan (2013). In addition, the land prices 

within the city, obtained through the municipality, were integrated into the model after the WS II. The 

reader is referred to Annex III for a detailed description of the spatial assumptions for the four 

alternative scenarios. 

 

Figure 4: The defined sectors affecting the development of Monastir, with the spatially 
represented sectors in bold. 

 

 

Figure 5:  Each scenario of the four was defined by the sectors. 
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2.2.2 Sleuth urban growth model 

Following the first scenario workshop, the SLEUTH urban growth model was used to simulate future 

urban growth until 2030 by integrating the outcomes of the participatory scenario development with 

quantitative data analysis based on multi-temporal remote sensing data for the period 1975-2017.  The 

overall modelling process is shown in Figure 6.  

 

Figure 6  A chart illustrating the overall modelling process of SLEUTH urban growth 

 

SLEUTH is a cellular automata (CA) model developed by USGS in 1996 and has been applied in more 

than 50 cities globally (NCGIA, 2018). The model simulates urban growth through giving a probability 

of urbanization based on a set of growth rules (Clarke et al., 1996); (Clarke & Gaydos,, 1998); (Oguz, 

2005); (KantaKumar et al., 2011); (Chaudhuri & Clarke, 2012). Sleuth considers four types of growth 

(spontaneous, new spreading center, edge and road-influenced growth) which are represented within 

five control parameters of the model: diffusion, breed, spread, slope resistance, and road gravity (Clark 

et al., 1997); (Silva & Clarke , 2002); (Solecki & Oliveri, 2004). The model is based on extracting the 

urban growth patterns of an area from historical data (e.g. derived from remote sensing) and then 

using these patterns to simulate different potential future growth scenarios (Xian, 2005); (Clark et al., 

1997); (Silva & Clarke , 2002); (Clarke & Gaydos,, 1998).  The model requires six main inputs, see  

Figure 7. 
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Figure 7   Main data inputs for running the SLEUTH model 

Table 1:  Input datasets for the Sleuth model 

Input Source Format and year 

Slope 

Data source European Union Space 
Imaging (EUSI, 2017): World View3 
Imagery. Two stereoscopic scenes, 
acquisition date: 05 March 2017, 
multispectral images (red, green, 
blue, and near infrared) with a 
ground sampling distance (GSD) of 
1.2m and panchromatic images with 
a ground sampling distance of 0.3m. 

Raster 2017 

Land use 
Classified from Land Sat (LS) satellite 
images 

Rasterized from vector: 1975, 1981, 
1984, 1986, 1990, 1992, 1999, 2002, 
2005, 2008, 2011, 2014, 2017 

Exclusion 
Rasterized from vector (Urban 
management proposed plan, 2018) 

Rasterized from vector 2017 
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Input Source Format and year 

Urban 
Classified from LS satellite images Rasterized from vector: 1975, 1981, 

1984, 1986, 1990, 1992, 1999, 2002, 
2005, 2008, 2011, 2014, 2017 

Transport 
 Digitized on LS satellite images Rasterized from vector: 1975, 1981, 

1986, 1992, 2005, 2011, 2017 

Hillshade 

DTM raster 2017 with 5*5 m cell size 
produced by IABG 

Datasource European Union Space 
Imaging (EUSI, 2017): World View3  
Imagery Two stereoscopic scenes, 
acquisition date: 05 March 2017, 
multispectral images (red, green, 
blue, nir) with a ground sampling 
distance (GSD) of 1.2m and 
panchromatic images with a ground 
sampling distance of 0.3m 

Raster 2017 

Table 1 specifies the input datasets that were used for the Sleuth model, where the urban areas in the 

historical data were used as seeds for the future growth. The model was applied in three different 

modes: test, calibration, and predictionΦ ²ƘƛƭŜ ΨǘŜǎǘΩ ƳƻŘŜ ǿŀǎ ŦƻǊ ŎƘŜŎƪƛƴƎ ǘƘŜ ŎƻƳǇŀǘƛōƛƭƛǘȅ ƻŦ ǘƘŜ 

ƛƴǇǳǘ Řŀǘŀ ǿƛǘƘ ǘƘŜ ƳƻŘŜƭ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ΨŎŀƭƛōǊŀǘƛƻƴΩ ŀƴŘ ΨǇǊŜŘƛŎǘƛƻƴΩ ƳƻŘŜǎ ǿŜǊŜ used to create two 

different types of simulations: (1) a business-as-usual scenario (projection) and (2) alternative 

scenarios of urban growth. 

2.2.2.1 Data-driven business as-usual scenario (projection) 

This application is based purely on the historical past urban growth of an area (Zounemat-Kermani et 

al., 2016). It typically begins with observing land use/land cover (LULC) changes over different time-

steps, out of which the model explores relationships between observed urban growth patterns and a 

set of driving factors, such as transportation arteries or terrain properties, and replicates exactly the 

historical patterns to estimate the future development (Solomatine et al., 2009). Here, time-series of 

remote sensing data for the period 1975-2017 was used to analyse past trends of urban growth and to 

develop a data-driven business-as-usual (BaU) projection of urban growth until the year 2030. For a 

detailed description of the data preparation, refer to section 2.2.3.  

2.2.2.2 Hybrid application to create alternative scenarios 

The model, in this style, enables to adjust the data-driven prediction in order to create a set of 

alternative ǎŎŜƴŀǊƛƻǎ ōŀǎŜŘ ƻƴ ΨŀŘŘŜŘ ŀǎǎǳƳǇǘƛƻƴǎΩ derived from the stakeholder workshops that can 

be integrated into the model through the exclusion layer which forms the main mean for generating 

alternative future scenarios in SLEUTH. The 4 designed scenarios within the workshops was 
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implemented through creating four user-defined maps, one for each scenario, as layers which 

designate where development is expected to occur in the future. The exclusion layer is used to 

simulate the different realities based on the expectations of change in the attractiveness or repulsion 

of some regions in a studied area, see Annex III. 

2.2.3 Data preparation 

This section describes the datasets and their key characteristics that were used as an input for the 

Sleuth urban growth model.  

2.2.3.1 Slope  

The geography of Monastir does not show high variations in terms of altitude. The elevation varies 

between 0 and 45 meters above sea level. This makes the land with high slopes, which is resistive to 

urban sprawl, relatively limited. A Digital Terrain Model with a spatial resolution of 0.5 meters was 

generated by IABG (see deliverable 1.2) was used as an input for the model. Slope layer was derived 

from the originally 0.5 m DTM but resampled to 5m pixel size for its further use in modelling 

applications.  

Slope raw elevation, Ψabove the sea levelΩΣ was transformed into a percent topographic slope values. 

The created layer is used to determine the influence of slope on urbanization. The default critical slope 

for the development, 15 degrees (NCGIA, 2018), was adopted in this application. 

2.2.3.2 Land use 

Within the UD-RASP project, a spatial resolution of 30 meters was considered sufficient for tracking 

historical urban growth of Monastir. Consequently, publically available data from the Landsat program 

was used to develop land use/land cover (LULC) maps for the period 1975 to 2017 following the 

European Urban Atlas standard, and to evaluate LULC changes. The images were classified based 

on the land use classes that best describe the urban area in Monastir. 

The land cover maps were created by IABG where the land classification was manually digitized based 

on Landsat imagery with a timeline from 1975 ς 2017. Classification was performed according the 

nomenclature of Urban Atlas, see Figure 8.  

 

Figure 8 Nomenclature of Urban Atlas (V.4.7) 

The retrospective reclassification meant backdating processing to extract the historical situation based 

on a more detailed actual analysis (applying higher resolution earth observation data). Results were 

validated by grid-based stratified random sampling. Finally, the semi-automatic performance was 
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dominated by manual interaction due to low spatial resolution of historic datasets (see deliverable 

2.1). 

2.2.3.3 Exclusion 

The layer defines the areas that are out of development (e.g. water bodies). Moreover, this 

data input is considered and used as the primary tool to establish different alternative 

scenarios in SLEUTH through labeling a degree of attractiveness for each pixel to convert to 

urban (Jantz, 2004); (Hui-Hui, F et al., 2012), see Annex III. 

2.2.3.4 Urban extent 

The input shows the urban extent from the historical data classified as urban/nonurban. The 

study used thirteen images of Landsat images (Landsat Multispectral Scanner (MSS) and 

Thematic Mapper (TM). The scenes were classified using different approaches. The decision 

on the technique was mainly based on spatial methods in combination with the scope of the 

study area. For the updated dataset, the linear infrastructure was mapped manually and, 

based on this network, a semi-automatic object-based image analysis (OBIA eCognition) was 

modelled and applied. Using the retrospective approach, where classification is applied 

backwards, changes in infrastructure and land use/land cover were mapped. This was done 

manually, using automatic indices to ensure comparability. The decision not to use advanced 

automatic approaches is justifiable because of the limited scope of ongoing research and the 

very heterogeneous quality of the data (spectral and spatial) combined with data errors. The 

quality of the delineated urban and non-urban areas was verified by independent analysts. 

2.2.3.5 Transportation 

In Monastir, the road network contain two types of principal highways RR & RL in addition to the 

secondary streets. The RR streets in the city are five (N82E, N92, N100, N100E, N100bis), the RL are 

three (N825, N839, N851).  The historical street network was extracted from RS using Landsat data 

1975- 2014 and historical aerial flights (1962, 1984 and 2005). The transport layers were created from 

visual image digitization of the satellite data used. 

The model calibration showed that close relation of the expansion and proximity to the principal roads. 

Thus, in the prediction the model transportation input used the type of the streets to weight its 

attraction to urban development (Bihamta et al., 2015).  

2.2.3.6 Hillshade 

From the DTM, the Hillshade input was created for Monastir and served as a tool for data visualization, 

as the background of the model map outputs. 

2.2.4 Calibration of the Sleuth model 

Calibration can be understood as the learning stage of a prediction model based on the present data 

(Clarke, 2008 ). For our application, the SLEUTH model in the ΨcalibrationΩ mode was trained to derive 
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the characteristics of Monastir urban area with the set of growth patterns extracted from the historical 

data (Oguz, 2005). SLEUTH calibration forms the most critical and intricate phase of the urban 

modeling (Oguz, 2005); (Qi, 2012). It uses the spatial information of the past (here: remote sensing 

data for the period 1975-2017; see Figure 6 6) ǘƻ ŦƻǊŜŎŀǎǘ ǘƘŜ ǇǊŜǎŜƴǘ ŀǎ ŀ άǿŜƭƭ-ƪƴƻǿƴ ŦǳǘǳǊŜέ. By 

comparing the model predictions and the actual observations, we can adjust the calibration process 

to improve the model ability to replicate the reality (Clarke et al., 1996) (Oguz, 2005) (Clarke-Lauer & 

Clarke, 2011) (KantaKumar et al., 2011). 

SLEUTH offers ŀ ŎƻǳǇƭŜ ƻŦ ŎŀƭƛōǊŀǘƛƻƴ ǇǊƻŎŜŘǳǊŜǎΥ ǘƘŜ ά.ǊǳǘŜ CƻǊŎŜέ ό.Cύ ŀƴŘ ǘƘŜ άDŜƴŜǘƛŎ !ƭƎƻǊƛǘƘƳέ 

όD!ύ ŎŀƭƛōǊŀǘƛƻƴΦ CƻǊ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΣ ǿŜ ǳǎŜŘ ǘƘŜ ά.ǊǳǘŜ CƻǊŎŜέ ŎŀƭƛōǊŀǘƛƻƴ ŀǎ ƛǘ ƛǎ ǘƘŜ ǎǘŀƴŘŀǊŘ 

method of the model and for being better defined and documented process (Al-shalabi et al., 2013). 

The BF method operates using Monte Carlo simulation to estimate the five SLETUH coefficients 

(Oliveri, 2004); (Clarke-Lauer & Clarke, 2011). The calibration in this method is done in three 

consecutive phases on different data scales: coarse (100m), fine (50m) and final (25m) calibration, 

ǿƘŜǊŜ ŜŀŎƘ ǇƘŀǎŜ ǇǊƻŘǳŎŜǎ мо ƳŜŀǎǳǊŜǎ ŦƻǊ ǘƘŜ άƎƻƻŘƴŜǎǎ ƻŦ Ŧƛǘέ (Dietzel & Clarke, 2007), see  

Table 2.  

Table 2  Metrics to evaluate goodness of fit for SLEUTH model (Oguz, 2005) 

Metric Name Description 

Product  All other scores multiplied together 

Compare Modeled population for final year/actual population for final year 

Pop  Least square regression score for modeled urbanization compared to actual 
urbanization for the control years 

Edges Least square regression score for modeled urban edge count compared to 
actual urban edge count for the control years 

Clusters Least squares regression score for modeled urban clustering compared to 
known urban clustering for the control years 

Cluster Size Least squares regression score for modeled average urban cluster size 
compared to known average urban cluster size for the control years 

Lee-Sallee ! ǎƘŀǇŜ ƛƴŘŜȄΣ ŀ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǎǇŀǘƛŀƭ Ŧƛǘ ōŜǘǿŜŜƴ ǘƘŜ ƳƻŘŜƭΩǎ ƎǊƻǿǘƘ 
and the known urban extent for the control years 

Slope Least squares regression of average slope for modeled urbanized cells 
compared to average slope of known urban cells for the control years 

% Urban Least squares regression of percent of available pixels urbanized compared 
to the urbanized pixels for the control years 

X-Mean  Least squares regression of average x_values for modeled urbanized cells 
compared to average x_values of known urban cells for the control years 
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Metric Name Description 

Y-Mean Least squares regression of average y_values for modeled urbanized cells 
compared to average y_values of known urban cells for the control years 

Rad Least squares regression of standard radius of the urban distribution, i.e. 
normalized standard deviation in x and y 

F-Match A proportion of goodness of fit across land use classes. 

The successive levels are used to narrow gradually the range of coefficients based on the calibration 

outcomes of the previous stage (Oliveri, 2004) (Oguz, 2005) (Dietzel & Clarke, 2007). There are 

different metrics to evaluate the coefficient ranges. The most common is the Lee-Sallee metric (Dietzel 

& Clarke, 2007) (Silva & Clarke , 2002) (Jantz, 2004) (Dietzel, C., & Clarke, K. C. , 2004) (Oguz, 2005) (Qi, 

2012) (Hui-Hui, F et al., 2012). It is the ratio of the intersection and the union of the simulated and 

actual urban areas in the control years (Dietzel & Clarke, 2007) (Qi, 2012) (Silva & Clarke , 2002), the 

index is similar to the R² in statistics, with a range of 0 to 1, for a perfect fit (Clarke et al., 1996). 

The execution starts with the first phase, the Ψcoarse calibrationΩ, the whole range of coefficients were 
used from 0 to 100, with a step of 25 units for the five model parameters. The range of best fit values 
resulting from the first stage was used to narrow down the range for the second phase Ψfine calibrationΩ 
using a step of 5 units. Finally, the range of best-fit  values from the second phase was used in the third 
step of calibration using a step increment of 1 units (NCGIA, 2018). The final set of parameters after 
the final calibration phase represent the intrinsic historical characteristics for the urban growth of 
Monastir. 
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3 Results and discussion 

3.1 Past urban growth in Monastir from 1975 to 2017 

Figure 9 shows how the city has grown in the period from 1975 to 2017 according to multi-temporal 

remote sensing data analysis (see deliverable 2.1).  
 

 

Figure 9  Monastir Urban development 1975-2017 

The analysis has revealed that the size of the city has changed drastically since 1975, mainly due to the 

urban sprawl. The increase in the urban land was mainly on the account of agricultural land and the 

urban green areas within the city. The urban transfer came with the rise of the economic activities 

from industry extending in the south and tourism realized along the Northern coast. This economic 

proliferation was accompanied by a significant migratory flow (Rejeb et al., 2016). The analysis has also 

shown that urban growth was very high between 1975 and 1999 due to the availability of non-urban 

land. Then the city went to a stagnation phase mainly due to the limitation of available land for 

buildings and the relatively high prices in the legally dedicated lands for development 

(RealEstateAgent, 2018).   

3.2 Calibration results of the SLEUTH model 

Table 3  The final calibration parameters for Monastir 

Diffusion Breed Spread Slope Road gravity 

1 1 73 25 34 

Table 3 shows the achieved coefficients for the diffusion, breed, spread, slope, and road gravity. 

Further, the analysis has revealed a Lee-Sallee index score of 0.61 (in a scale from 0 to 1), which is 
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considered satisfying compared with related studies (Silva & Clarke , 2002) (Dietzel & Clarke, 2007) 

(Rafiee et al., 2009), seeTable 4.  

Table 4  Goodness of fit for sleuth model compared with selected literature studies. 

Cities Lee-Sallee Source 

Lisbon 0.35 (Silva & Clarke , 2002) 

Porto 0.58 (Silva & Clarke , 2002) 

Houston 0.51 (Oguz et al., 2007) 

Jimei 0.48 (Hua et al., 2014) 

Mashhad 0.36 (Rafiee et al., 2009) 

Monastir 0.61 (Harb et al., 2018), in progress 

The yielded SLEUTH model output forecasted the spread parameter to be the principal factor causing 

the urban growth in Monastir, where the spread coefficient is representing the edge growth. With the 

high-obtained value of 73, edge growth can be described as the dominant growth type of the urban 

growth pattern of Monastir.  Other coefficients like road gravity (35) and slope (25) are also significant 

in the city but have relatively lower influence in comparison, but still show that the road network has 

a clear mark on the urban growth patterns of the city. Moreover, the obtained results showed that, 

ǘƘŜ ǎǇƻƴǘŀƴŜƻǳǎ ŀƴŘ ŘƛŦŦǳǎƛƻƴ ƎǊƻǿǘƘ Řƻ ƴƻǘ ǊŜŀƭƭȅ ŎƘŀǊŀŎǘŜǊƛȊŜ aƻƴŀǎǘƛǊΩǎ ǳǊōŀƴ ǇŀǘǘŜǊƴǎ ŦƻǊ ǘƘŜ 

studied period as the score of these two variables were  relatively negligible, see Table 3 & Table 5. 

Table 5  Calibration results showing the five coefficients and the validation measure (Lee-Sallee) in 
the three calibration phases 

 Lee-Sallee Diffusion Breed Spread Slope Road gravity 

 

Coarse 

0.598 1 1 75 26 25 

0.598 1 1 75 26 50 

0.598 1 1 75 26 75 

 

Fine 

0.617 1 1 73 25 35 

0.617 1 1 73 25 25 

0.617 1 2 73 26 65 

Final 0.617 1 1 73 25 34 

0.617 1 1 73 25 35 

0.617 1 1 73 25 36 
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3.3 Future urban growth in Monastir from 2017 to 2030 

3.3.1 Overall trend (city scale) 

This section presents the outcomes of the analysis using aggregated figures for the entire city from 

2017 until 2030. Figure 10 shows the projected increase in urban areas (in hectares) by 2030 for the 

business-as-usual projection as well as for the four alternative scenarios:  

A. Strong economic growth AND strong law enforcement 

B. Strong economic growth AND weak law enforcement 

C. Weak economic growth AND weak law enforcement 

D. Weak economic growth AND strong law enforcement 

 

Figure 10: Urban growth scenarios for Monastir until 2030 (> 50% likelihood) 

On one hand, the projection shows that the city will require 127 ha as potential land for urban growth 

in the business-as-usual (BaU) scenario if the historical growth patterns continue. Moreover, the model 

predicted that 37% (47 ha) of the estimated growth will happen within 2021 and 2024, see Figure 11.  
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Figure 11:  Temporal evolution of urban growth (in ha) for the business-as-usual projection 

In addition, Figure 12 shows the development in hectares (ha) for the five ranges of likelihoods (50-

60%, 60-70%, 70-80%, 80-90%, 90-100%). The graph shows that with a probability of 80-90%, the city 

will expand by 30 ha until 2030. 

 

Figure 12: Projected future urban growth until 2030 (incl. likelihood of change) 

The results from the simulations show no drastic modifications on the city structure in the next 12 

years with a maximum difference of 17.3% (22 ha) change across the five scenarios. At the same time, 

the quantitative analysis of the projection probabilistic layer revealed that the urban cover will 
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continue to extend until 2030, and that urban growth will be faster in particular parts of the city due 

to different factors, mainly the land availability and price. In addition, the proposal for the new city 

plan 2018 suggested converting several areas of Monastir from nonurban to urban classes, which is 

expected to guide, and accelerate the spatial growth of the city (Urban management proposed plan, 

2018). This trend is observed in the different conducted simulations and highlights the overall tendency 

for radical changes in the southern neighborhoods of Monastir by 2030, see Annex IV. 

Out of the five simulations created, both the BaU projection and Scenario D (weak economic growth, 

strong law enforcement) appear to be more promising in terms of preserving the green cover of 

Monastir, see Figure 10. Furthermore, this shows that these scenarios were closer to the land 

protection and sustainable growth in the study area (Urban management proposed plan, 2018).  

 

Figure 13  Progressive increase of urban land cover until 2030 (over 50% likelihood) 

The relative stagnation in the city growth after 2005 is expected to change gradually in the next few 
years (see Figure 13). This is mainly due to the recent proposed modifications on the 2013 city plan 
that opens new areas for urban development, around 1006 Ha (Urban management proposed plan, 
2018), which would speed up the spatial urban consumption of land. 

3.3.2 Spatial analysis (sub-city scale) 

Monastir has land cover classes with different functionalities that constraint or attract the potential 

urban expansion. For better visualizing the predicted urban growth, we will focus on a set of four zones, 

see Figure 14, which include the focal areas suitable for the urban development of the city, where:  
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Zone I: constitutes the nearby southern neighborhood which hosts a large number of the building 

violations and is the core for the city-suburb, recently became classified to be suitable for the future 

urban growth (Urban management city plan, 2013) & (Urban management proposed plan, 2018). 

Zone II: forms of the areas that were dedicated to urban development according to the 2013 city plan 

(Urban management city plan, 2013), which was characterized by the slow urban growth, see 

deliverable 2.1. 

Zone III: includes the urban green areas, the general use of these lands are protected by law through 

the Ministry of Local Affairs and Environment where buildings are prohibited. The relevant PAU classes 

are: Zones Vertres Amenagees (UVa), Zones Vertes Equipees (UVb), and Zones de Golf (UVg) (Urban 

management proposed plan, 2018). 

Zone IV: constitutes the Agricultural areas of the city, these lands have also the buildings prohibition, 

but the general land use is protected by law through the Ministry of Agriculture. The relevant PAU 

classes are: Agriculture land (NAa), Irrigation land (PPI) (Urban management proposed plan, 2018). 

 

Figure 14:  Zones  with potential spatial urban expansion in Monastir by 2030 
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3.3.2.1 Urban Growth Zone I (Kortine) 

This zone contains mainly the area of Kortine, which is a neighborhood with mainly a vegetation cover 

of olive trees in the southern periphery of the city. The land was classified as agricultural land until 

2018. During that period, the political instability during and after the Tunisian revolution of 2011 

weakened the law enforcement in the city (Rejeb et al., 2016). Consequently, Kortine attracted some 

informal settlements due to its low land prices, 170-300 Tunisian Dinars per square meter 

(RealEstateAgent, 2018), which helped in attracting a substantial part of the internal immigration 

arriving the city (Structure Urbaine de la Ville de Monastir, 2015). This made ΨUrban Growth ½ƻƴŜ LΩ a 

nucleus for a new suburban tissue that, though in the early stages, was growing rapidly since 2011. 

Thus, the proposed city plan of 2018 suggests an alteration for the zonal land use from agricultural to 

urban. According to the model simulations, the recent tissue will be principal in attracting the future 

urban spread of Monastir by 2030Φ ¢ƘŜ ΨUrban Growth ½ƻƴŜ LΩ urban area in 2030 is expected to be 

42.67 ha (Scenario A), 45.09 ha (Scenario B), 44.18 ha (Scenario C), 39.64 ha (Scenario D) and 38.43 ha 

(BaU); see also Table 6. Finally, due to the prominent edge growth in Monastir, the BaU prediction 

shows that the expected growth is mainly stretching from the current urban areas on the northern and 

eastern parts of Kortine (see Figure 15). While the 5 simulations showed a marginal variation among 

themselves in delineating the areas with high probability that will convert to urban, the main difference 

was in the pixels with the low to medium probabilities which can be noticed from Figure 15 in Kortine. 

Among the four areas which are expected to comprise the majority of the spatial growth in urban land 

cover, the different simulation expected Zone I will have the fastest urban growth over the next 12 

years, leading to 38-45 ha of its area being occupied by buildings.  
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Figure 15: Urban growth scenarios for 2030 - Zone I, Monastir 
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3.3.2.2 Urban Growth Zone II  

The second zone contains two distant neighborhoods Ghars Ellouza and the Frina area. These areas 

are the officially dedicated areas for the urban development according to 2013 city plan (Urban 

management city plan, 2013). However the relatively high prices, 400-620 Tunisian Dinars per square 

meter in Ghars Ellouza (RealEstateAgent, 2018), of the land in these neighborhood prevented medium 

and large construction projects and restricted the development to individual settlements of high 

income households which slowed the district in-fill and highlighted a spatial segregation based on the 

economic classes in the city, see deliverable 2.1.  

On one hand, the future urban development in Ghars Ellouza, is expected to occur on the south 

western section along the RR 92, and the central part of this neighborhood is expected to have a slow 

urban growth, due to the limited accessibility to the city infrastructure. In addition a gradual extension 

from the current urban areas at Ennozha is foreseen (see Figure 16). Based on the model BaU scenario, 

Ghars Ellouza is only expected to attract a small portion of the city growth by 2030. Based on these 

estimations of the slow development, doubts remains regarding the economic balances and 

investments viability of large projects in the neighborhood, in particular, after classifying new areas 

with much lower land prices for the future urban development. The four alternative scenarios showed 

a variation in the spatial probability of land conversion to urban in Ghars Ellouza neighbourhood RR 92 

Road which shows the decreasing influence of this principal street in the development of Ghars Ellouza 

in the four scenarios C, B, A, and D (see Figure 16).  

On the other hand, Frina area is relatively isolated district in the southern part of the city classified as 

medium to low income area and started as a zone hosting the families working in the adjacent 

industrial area (Structure Urbaine de la Ville de Monastir, 2015). The neighborhood is expected to have 

slow growth due to the limited attractiveness of its site and the slight pressure of the small adjacent 

urban area, see Figure 16. The results on this district showed an extension relatively separated from 

the principal street to Sousse which indicated a lower importance for the road gravity growth in this 

part of the city, see Figure 16.  

Moreover, Figure 16 shows the map comparing the estimated development in the zone with 50-100% 

likelihood of urbanization for the period 2018-2030.  The small difference in Zone II among the 

simulations imply that converting Kortine from agricultural to urban area will impact the growth 

pattern, and lead to the conclusion that Zone II is expected to continue its slow development rate. 

Zone II took 5 years to attract buildings to cover quarter of its area since its recognition as urban 

development area. However, the time frame for the development of Zone I will be substantially 

different, as the area is the suburban urban tissue that attracts immigrants and has fairly low prices 

compared to other parts of Monastir. 
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Figure 16: Urban growth scenarios for 2030 - Zone II, Monastir 
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3.3.2.3 Urban Growth Zone III  

The third zone constitutes the green urban areas of Monastir (UVa, UVb, & UVg), defined above. The 
land use of this zone is protected by law through the Ministry of Environment. Even though these 
classes are protected, it is clear that the regulations are not strictly respected due to a declared plan 
for the land reclassification from the municipality. It is worthy to note that the violations are not only 
individual households but also medium-size residential projects (e.g. Station Touristique Intégré in the 
UVb, Al Achaab in the southern part of the Flamingo yard) and formal facilities (e.g. the public hospital 
(Neonatology and Maternity Center). The land prices in the urban green are rather intermediate and 
can be afforded by the medium income households, 350-500 Tunisian Dinars per square meter ( 
(RealEstateAgent, 2018). Here, the projection estimated a 41 ha to be urbanized, with over 50 % 
probability by 2030, while the four alternative scenarios A, B, C, & D foreseen the urbanization of 45.72, 
48.32, 47.34, 42.48 ha respectively, see Table 6. The simulations, in specific for Scenario B and C, 
predicted that the green urban areas of Monastir have substantial prospect for urban growth, where 
the evolution is either due to an extension of the current built-up areas in the zone or due to the 
proximity of principal streets (e.g. RR 100 or RL 839). Moreover, the dedicated small areas classified as 
UVa with the stretched geographical forms would limit the violations to individual buildings around 
the principal streets (e.g. RL 839). Finally, the violations on these urban green areas is expected to 
continue taking advantage of the political instability. The in-fills of the urban areas and the 
densification of the current violations as well as urban extensions on the neighboring green areas will 
continue under different excuses and is more visible for Scenarios B and C, and to a lower extent with 
the projection, see Fig 17. In terms of land use dynamics, the obtained model outputs for 2030 showed 
a decrease in the urban green areas, see Table 6. The main foreseen reason for this change in the use 
patterns is the urban progression along the frontier of the current urban footprint triggered by the 
edge growth of the city as a consequence of the high spread coefficient that characterizes Monastir. 
The model predicts that the reduction in the green land cover would be higher for Scenarios B, C, A 
when compared to D and BaU scenarios.  
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Figure 17: Urban growth scenarios for 2030 - Zone III, Monastir 

 

P
ro

b
a

b
ility o

f b
e

c
o

m
in

g
 u

rb
a

n
 

 



 

 

UD-RASP - Urban Disaster Resilience  
through Risk Assessment and Sustainable Planning. 

ECHO/SUB/2016/740186/PREV19  
October 2018 

 
 

30 

 

3.3.2.4 Urban Growth Zone IV  

The fourth zone includes the classes protected by law through the ministry of agriculture (PPI & NAa), 

defined above.  These classes are strictly protected according to the different city plans (Urban 

management city plan, 1991) (Urban management city plan, 2013) (Urban management proposed 

plan, 2018). However, after the Tunisian up rise these territories had agricultural business interruption 

on its borders due to the absence of protection against the illegal disposal of pollutants. Moreover, 

these actions unofficially changed the land from an irrigated or cultivated territory to a land out of use 

and later to urban hosting illegal settlements. This is also partially attributed to an implicit intention of 

the landowners to force an alteration of the land class to improve the fiscal situation. The model results 

for Zone IV predict high likelihood of development (e.g. El Msabkha field) due to the pressure from the 

surrounding urban areas. Moreover, the presence of streets on the frontier and through the field 

added to the unnoticed illegal buildings of the previous years will accelerate the urban consumption 

of this part of the city either illegally or through imposing the land reclassification. The different 

simulations showed that the violations is highly probable on the field peripheries as well as on the PPI 

areas along RR 92 Street, see Figure 18. The areas of Zone IV appeared to have relatively low urban 

growth in the different scenarios, though it is supposed to be fully protected. According to the model 

prediction, the business as usual scenario and the four alternative scenarios showed fairly close results, 

see Fehler! Verweisquelle konnte nicht gefunden werden. & Table 6. The obtained outcomes 

highlight the main areas under the threat of violations by 2030. The results show a superior importance 

for the road network in enhancing the expected violations on the agricultural land of Monastir. As 

indicated in Table 6, Zone IV, with over 50 % probability, will reduce by 10.15 ha in the business as 

usual scenario. Likewise, the zone is expected to decline 10-12 ha according to the various scenarios 

A, B, C, & D. 
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Figure 18: Urban growth scenarios for 2030 - Zone IV, Monastir 
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Table 6  Areas in Ha potential of the conversion to urban in the four zones 

 Zone I Zone II Zone III Zone IV 

Scenario A 42.67 41.68 45.72 10.92 

Scenario B 45.09 44.05 48.32 10.93 

Scenario C 44.18 43.16 47.34 11.55 

Scenario D 39.64 38.73 42.48 11.31 

Projection 38.43 37.54 41.18 10.15 

The overall outcomes show the potential urbanization in the considered regions over the next 12 years 

and how would it would impact the patterns of the city growth and the land use classes in Monastir, 

see Annex IV. In particular, the varying law enforcement conditions added to the changing land prices 

would affect the attractiveness of the four zones to future urban growth.  
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4 Conclusions 

The study provided an overall outcome that shows where the city will potentially grow over the next 

12 years. Based on the BaU simulation the city is likely to grow by additional 127 ha to an overall size 

of 1690 ha by 2030, corresponding to 8.1 % growth compared to 2017. In particular, the varying law 

enforcement conditions added to the changing prices is expected to affect the attractiveness of the 

focus zones to urban development. Comparing the growth pattern of Monastir using the Business-as-

Usual (BaU) projection and the four alternative scenarios offer a way to differentiate the impact of 

different development trajectories (strong vs weak economic growth) and law enforcement conditions 

(strong vs weak law enforcement).  

The simulations recognized various degrees of in-fills and fringes near the southern urban area of 

Monastir. These can be attributed to the edge growth which characterizes the city urban growth. This 

can be clearly seen on the results for ΨUrban Growth Zone LΩ which potentially will form a center of the 

upcoming urban constellation. The road gravity growth seems to reflect its importance in the different 

simulations. The road gravity growth is expect to be more visible as some of the urban growth would 

heavily rely on the transportation network with considerable violations through unauthorized 

settlements along principal streets (e.g. RR92, RR100 & RL839) . Even with the new suggested changes 

on the city plan (Urban management proposed plan, 2018), which reclassified a large agricultural area, 

the green cover in Monastir (Zone III & Zone IV) is expected to continue decreasing through the 

informal building activities by 2030.  Examining the alternative scenarios, the outcomes revealed that 

Zone IV will have the slowest urban growth, whereas Zone I, Zone II and Zone III appeared to have 

faster growth by 2030. With the recent change in the proposed city plan of 2018, which created a 

tremendous space for the urban expansion, Zone I appears to attract a fast growth compared to the 

other city districts 38.4-45.1 ha. However, all the conducted simulations, to different degrees, 

predicted illegal buildings on Zone III & Zone IV mainly due to the pressure from the surrounding urban 

areas and the proximity to principal streets and intersections.  

As a result of the conducted study, it can be concluded that Monastir growth by 2030 will be mainly in 

the form of in-fills and around the present urban districts. Thus, the decline of agricultural land use 

would be mainly due to the urban expansion in the southern part of the city. This is supported by the 

recently proposed reclassification of the land use in Monastir that will have significant role in shaping 

Monastir by 2030. After a careful study of the historical urban practice and monitoring the city growth, 

it was noted that the adopted city plans were not strictly followed. Thus, a prompt intervention from 

the municipality would help catching up through evaluating the potential city plans to help better 

managing the growth in Monastir. This would enable the planners to have a structured process to think 

about longer-term future and understand better the implications of strategies before adopting them. 

The conducted scenario analysis would help the city planners to adopt policies leading to more risk-

informed and sustainable urban development. Thus based on the presented analysis, the planners 

would test environment-friendly plans that would optimize the land occupation and save the highly 

valuable lands, so far rapidly consumed, in Monastir.  
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Annex I 

Table 7 : list of the participants from the Scenario Workshops I & II 

Name Organization Email Phone 

Project team 

BELLERT Felicitas  IABG bellert@iabg.de  

Dr Matthias GARSCHAGEN UNU-EHS garschagen@ehs.unu.edu + 492288150289 

Dr Michael HAGENLOCHER UNU-EHS hagenlocher@ehs.unu.edu  +492288150250 

Dr Mostapha HARB UNU-EHS  harb@ehs.unu.edu +492288150329 

BEN KHALED Karem  3G Consult  karem@3g-consult.de  +21699567869 

ROKBANI Neila  Monastir neilarokbani@yahoo.fr  +21698407144 

AYED Sonia  Monastir Soniaayed_urbaniste@yahoo.fr  +21697559617 

BEN FRADJ Anis  Monastir Anis_benfredj@yahoo.com  +21698525685 

CHEBIL Bouraoui  Monastir Bouraoui65@outlook.com  +21698977496 

Consultants in the UD-RASP project 

BACCOUCHE Hayet  Monastir  hayetbac@gmail.com  +21694923668 

Stakeholders 

Houas Mohamed INS  mohamed.houas77@gmail.com  

Houda Bouhlel  INS Bouhlel.houda@ins.tn  

Mohamed Ameur Ladjimi Protection Civile Ameuramrouch2018@gmail.co
m 

 

Hassine Mbarek APAL  apalmonastir@gmail.com  

Raoudha Chaouch Municipalité de 
Monastir 

Raoudha.chaaouch@gmail.com  

Slamia Mohamed Habib  Commissariat général 
au développement 
régional de Monastir 

Slamiamedhabib@hotmail.fr  

Helmi Abid Commissariat régional 
de la jeunesse et des 
sports de Monastir 

Helmi1415@gmail.com  

Fethi Ltaief Tunisie Télécom Fethi.ltaief@Tunisietelecom.tn  

Wala Tamboura Observatoire urbaine 
de Monastir 

Tambourawala@gmail.com  
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Name Organization Email Phone 

Bouthayna Mbarek Observatoire urbaine 
de Monastir 

Bouthayna-111@outlook.com  

Taha Bagga Observatoire urbaine 
de Monastir 

tahabagga63@gmail.com  

Abd El Hamid El Ouaer  Direction régionale de 
transport Monastir 

  

Ahmed Ghedira Association de 
sauvegarde de la 
medina,Monastir 

  

Mohamed Saleh Chekir Association de 
sauvegarde de la 
medina,Monastir 

medsalahchekir@yahoo.fr  

Dhekra El Mesaidi Municipalité de 
Monastir 

  

Fethi El Baoueb  Société civile   

Issam Maalel Direction régionale de 
la santé 

issam.maalel@gmail.com  

Karim Sakli Agence Foncière 
d'Habitation 

saklikarim@yahoo.fr  

Faouzi Bchir Société civile   

Zouhair El Benzarti Municipalité de 
Monastir 

  

Mourad Nabi Association I love 
Monastir  

  

Mourad Jammali Direction régionale de 
[ΩŞǉǳƛǇŜƳŜƴǘ 

  

Riadh Saaidane ONAS   

Najet Dimassi Association Notre 
Grand Bleu 

dimassi.najet@hotmail.fr  

Sahbi Dorai Association Notre 
Grand Bleu 

doraisahbi@gmail.com  

Fethi Besbes Société civile   

Chokri El Mathlouthi ArchiPlan archiplan@planet.tn  

Rim El Mathlouthi  ArchiPlan archiplan@planet.tn  
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Name Organization Email Phone 

Haifa Bel Hadj Youssef CRDA   

Tarek Sassi Direction générale du 
Sahel 

tareksassi@ymail.com  

Fradj Saleh Agence foncière 
Touristique 

Salah.fredj@aft.tn.com  
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Annex II 

The conducted scenario workshops in Monastir included a set of exercises to define the local 

perception on the attraction level of the city classes to the future growth. The first exercise was to get 

an expert measure for the attractiveness or resistance of the city land cover classes to urbanization, 

see Figure 19. The second exercise introduced a set of 24 urban growth driver for the local stakeholder 

to label its importance, see Figure 20. In addition, the third exercise introduced a set of seven potential 

consequences for the urban growth in Monastir and the participants asked to label their importance, 

see Figure 21. 

 

Figure 19 : Local perception on the attraction/resistance of city classes to future urban growth 

 

Figure 20 : Local perception on the main driving factors for urban growth in Monastir  
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Figure 21 : Local perception of the major consequences for the future urban growth in Monastir  
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Annex III 

The four alternative scenarios were created based on a set of assumptions derived from the focus 

group discussions as well as on the bilateral interviews with the delegates from the sectors in the 

presence of the city urban planner. The main output of these meetings were a set of rules on the 

classes which are expected not to have urban development by 2030 consider the recently proposed 

city plan. These development-excluded areas were used for the business as usual scenario (e.g. current 

urban, transportation network, industry, airport and Sabkha), see Figure 22.  
 

 

Figure 22: Exclusion map for Business as Usual Scenario 

Considering the storylines of the city development, the spatially represented sectors were modified, 

based on assumptions from both the municipality planners and the stakeholders, to present better the 

four alternative scenarios. The suggested changes defined a spatial margin for some of the city sectors 

as well as a rank of attractiveness. The established alterations enabled the differentiation among the 

scenarios. Thus, weights of development were attached to each of the represented sectors considering 

the city plan classes: Industrial through UIa, UIb, Agricultural through NAa and PPI, Environment 

through UVa, UVb, and UVg, Services through RR, RL and secondary streets.  

The created exclusion layers for the different scenarios were sector-defined maps that delineated 

where development is more or less probably in the future. Due to the proven edge growth of the city, 

the growth peripheral-distances in meters and weights estimates were derived considering the local 

knowledge on a scale from 0 to 100, for instance: 0 for highly attractive areas, 50 for neutral, and 100 

for land excluded from development, see Table 8. 
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Table 8  Shows the assumptions for spatially represented sectors in the four alternative scenarios 
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Annex IV 

The probabilistic layers for Monastir development under the five implemented simulations for the 

selected four urban growth zones.  

 

Figure 23: Urban Growth Scenario BaU for 2030, Monastir 
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Figure 24: Urban Growth Scenario A for 2030, Monastir 
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Figure 25: Urban Growth Scenario B for 2030, Monastir 
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Figure 26: Urban Growth Scenario C for 2030, Monastir 
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Figure 27: Urban Growth Scenario D for 2030, Monastir 
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