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1 Introduction 

Urban areas around the globe are increasingly confronted by two megatrends of global change: 

urbanization and the growing frequency and intensity of climate-related extreme events. Coastal cities 

are additionally affected by sea level rise, land subsidence and coastal erosion. Combined with high 

levels of societal vulnerability, these trends increase disaster risk and associated loss of life and 

economic damage. Tunisia faces major risks among the EU neighborhood countries, given its rapid 

population growth and almost 80% of its urban areas concentrated along the Mediterranean Sea.  

To support the enhancement of multi-hazard disaster prevention and resilience in the country, the city 

of Monastir is used as a pilot study. Availability of up-to-date data and information on urban disaster 

risk as well as underlying drivers will enable local decision makers to identify potential hot spots for 

short and medium term disaster risk reduction measures. By proposing a standardized, transferable 

and transparent approach, the project lays the foundation for future urban disaster risk assessments 

in Tunisia and further North African countries. 

This report provides a description of the workflow with a focus on the technical perspective. The 

project consisted of six main tasks (Figure 1), which will be described in a more generalized version in 

the following chapters. For extracting a generic overview of the workflow, the tasks have been 

summarized into three stages (stage I = task 1-2 (partially) / stage II = task 3-4/ stage III = task 5-6). 

 

Figure 1: Work packages during the project runtime and allocation to stages 

This document describes the most important activities to integrate risk analysis in urban planning from 

a technical point of view. Starting from a scarce data environment, the process is described how 

remote sensing can be used to improve the availability and quality of data in order to create a 
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homogenized database for the subsequent risk assessment. In a final step, the data is published in a 

centrally accessible platform. The various data layers are thus prepared in a homogenized form to 

point out the spatial context clearly visible to decision-makers. 

 

Figure 2: Generalized workflow 

The document also refers to other reports prepared in relation to individual work packages within 

the project, where the applied methods and technologies are discussed in more detail. In addition, 

this documentation contains references to further literature and information sources. This technical 

document is addressed to administrators, GIS users and urban planners concerned with future data 

updates and the integration of risk analysis into urban planning. 
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2 Workflow 

The workflow that has been developed in the course of the project is depicted in Figure 3. 

 

Figure 3: UDRASP workflow to provide all project related geodata 

The interaction and complexity of the individual work steps is illustrated in the technical workflow. In 

order to structure the workflow according to technical and time related steps, three work stages can 

be defined: 

- Stage I: Data collection and preparation 

- Stage II: Risk Assessment and future scenarios 

- Stage III: Implementation of systems 

In dependency of available data, different approaches of remote sensing and geoinformatics have 

been applied to prepare and integrate the provided data (stage I).  
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- Review and preparation of input data (PAU1, imagery, other data) 

- Data transfer from PAU to GIS 

- Data modelling and GIS specification 

- Data collection of auxiliary data and preparation for GIS integration 

- Generation of a digital terrain model 

As result of this activity, all basic data was collected, reviewed and managed in a GIS-based structure 

(UDRASP GIS).  

This initial geodatabase furthermore serves as baseline for the risk assessment (stage II). For that 

reason, several additional activities have been performed:  

- Workshops and stakeholder participation to adapt the risk assessment to local conditions 

- Retrospective analysis of the urban development 

- Modelling tasks: urban growth modelling (until 2030), flood modelling (HQ100) 

- Analysis of exposure and social vulnerability (current conditions, future scenarios for 2030) 

- Risk assessment (current conditions, future scenarios for 2030) 

- Documentation and visualization of risk zones and related results  

In the last activity (stage III), selected data layers are transferred from the GIS to the web information 

system. The results of the risk assessment and the GIS implementation were prepared by training 

courses and workshops for the local staff. During a final meeting, all participants were informed about 

the project results and their significance for further urban planning with regard to natural hazards and 

risk assessment. 

 

  

                                                           
1 tƭŀƴ ŘΩ!ƳŞƴŀƎŜƳŜƴǘ όt!¦ύ ς development plan as baseline for urban planning 
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3 Stage I ς Data collection and preparation 

The first stage involves data collection and preparation for subsequent use in risk assessment (Figure 

4). The following input data had to be considered: 

- Satellite Images 

- Current imagery  

- Archive data for retrospective analysis of urban development 

- Development plan for urban planning purpose in Tunisia  

- tƭŀƴ ŘΩŀƳŞƴŀƎŜƳŜƴǘ (PAU) of Monastir 

- Additional digital or analog data that are requested for project 

- Administrative and socio-economic data 

- Spatial data from hydrology, geology, urban planning, transport, supply networks, 

infrastructure, coast, hazard zones 

Main objective of this stage is the specification and implementation of a GIS to merge all available data 

in a homogenized data structure. Other deliverables of the first stage are the generation of a digital 

terrain model (DTM) and an image layer for visualization of the current situation in the Municipality 

(provided as orthomosaic). The various processing steps of this first stage are described in the following 

chapters. 

 

Figure 4: UDRASP - Stage 1 ς Data collection, preparation and data transfer to a GIS 
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3.1 Imagery and derived products 

Updates based on current satellite images are the preferred method for data updates. When acquiring 

images, it must be verified that the image resolution and area coverage is suitable to the needs of a 

data update. For the UDRASP project, the following imagery have been procured: 

- World View 32 data was used as a baseline for mapping and derivation of the digital terrain 

model (DTM).  Very high-resolution satellite imagery data WorldView 3 with a spatial 

resolution of 0.3m. More explanation as to how the imagery was processed is given below 

(3.1.1). 

- Landsat Data3: periods 1975 ς 2017 to derive the past urban development. Free satellite 

images in different resolutions and coverages are available. More explanation on how to 

process the imagery is given below (4.1). 

- Aerial photographs4: periods 1962, 1984 and 2005 to show the historical situation and support 

the past urban development and modelling needs. Aerial photographs are usually appropriate 

for urban mapping needs on a local scale (1:500 ς 1:5000) due to the very high image 

resolution (10 - 50 cm), which enables detailed image recognition5. 

 

3.1.1 World View 3 data 

An essential part of this project is the generation of a digital terrain model (DTM). With regard to the 

availability of suitable data and the necessity of that DTM, stereoscopic WorldView 3 (WV3) 6 images 

were used as input data, from which the DTM was generated and which was used to rectify the satellite 

images in order to map based on those images and as basis for hydrological modelling. 

The acquired World View 3 images were received as so-called άƻǊǘƘƻ ǊŜŀŘȅ ǎǘŜǊŜƻέ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ 

they are projected to a plane using a map projection and datum, and a constant base elevation but 

they have no topographic relief applied with respect to the reference ellipsoid. Therefore, those 

images are suitable for dense image matching to create a digital height model (DHM) and furthermore 

for ortho-rectification with a suitable DTM (here: the result of the dense image matching). 

                                                           
2 EUSI - www.euspaceimaging.com 
3 US Geological Survey / Earth explorer - https://earthexplorer.usgs.gov/ 
4 Data Sources: Centre National de la Cartographie et de la Télédétection (CNCT), Tunisia ς Archive data / Office 
de la topographie et de la cartographie (OTC), Monastir, Tunisia 
5 see 3.1.4 
6 www.digitalglobe.com/about-us/content-collection#worldview-3 
 

http://www.euspaceimaging.com/
https://earthexplorer.usgs.gov/
http://www.digitalglobe.com/about-us/content-collection
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Figure 5: Footprint of stereoscopic World View 3 imagery 

The used WV3 imagery consists of two stereoscopic scenes (Figure 5: red and green). Each scene 

contains two images with an overlap of about 93 to 97% acquired each with a different viewing angle. 

Both scenes have an overlap to each other of about 75%. 

Table 1: WV3 Scene Properties 

Image Stereo Pair View Angle 

17MAR05102832 Green -5° 

17MAR05102743 Green 25° 

17MAR05102842 Red -11° 

17MAR05102753 Red 20 

Those different viewing angles are the fundamentals of stereoscopic viewing and the reconstruction 

of three-dimensional data from the imagery (Table 1). In this project this was used to reconstruct the 

digital terrain model which further on was used as input for orthorectifying the images and for 

hydrological modelling. 

The images were basically delivered as 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. 

Both versions with a color depth of 11 bit within a 16 bit container. Merging both versions into one 

ƛƳŀƎŜ ƛǎ ŎŀƭƭŜŘ άǇŀƴǎƘŀǊǇŜƴƛƴƎέΦ ¢ƘŜǊŜŦƻǊŜ ǘƘŜ ǇŀƴŎƘǊƻƳŀǘƛŎ images with 30cm GSD where merged 

with the multispectral images with 1.2m. The result is a multispectral image with 30cm GSD. This was 

done with the software Erdas Imagine Professional. 

The native accuracy of the used satellite imagery is 5.0m (CE90). To ensure a high accuracy of the 

resulting digital terrain model and - as a result of that ς for the orthorectified images and the 
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hydrological modelling, the accuracy of the satellite images has been enhanced by using ground control 

points. Those ground control points were derived from the Plan dΩ!ƳŞƴŀƎŜƳŜƴǘ ¦Ǌōŀƛƴ ŘŜ ƭŀ 

Commune de Monastir (PAU).  

Curbsides, pool edges, road markings and other available reference points in the PAU were used as 

ground control points and therefore measured in the PAU and also in the optical imagery (Figure 6). 

15 of those points were used as control points (Table 2). This means they were used to enhance the 

accuracy of the imagery ς and 15 more were used as so called check points, which means they are not 

used to enhance the accuracy of the imagery but as independent reference points to check the 

accuracy of the enhancement. 

 

Figure 6: Distribution of Ground Control Points (GCP, Triangles) and Check Points (CP, Squares) 
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Table 2: Examples of Ground Control Points (GCP) 

Example PAU WV3-Image 

Curbside 

  

Pool Edge 

  

Road Marker 

  

The Ground Control Points are distributed evenly however more on the northern part. This is due to 

the extent of the PAU which was only available for the northern part of the scene. Two Ground Control 

Points could not be used for the final enhancement as their deviation from the adjacent Check Point 

was too significant. It is assumed that the curbside of those two Ground Control Points is mapped 

incorrectly in the PAU ς since all other Ground Control Points and Check Points were correct. 

The final enhancement of the accuracy has been completed as an aerotriangulation within the 

ǎƻŦǘǿŀǊŜ ά{ŀǘŜƭƭƛǘŜ ¢ǊƛŀƴƎǳƭŀǘƛƻƴέ ƻŦ ǘƘŜ ά!ǇǇƭƛŎŀǘƛƻƴǎ aŀǎǘŜǊέ ŘŜƭƛǾŜǊŜŘ ōȅ LƴǇƘƻΦ The final accuracy 

calculated by the software is 0.5 m. 
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3.1.2 Digital Surface and Terrain Model 

The Digital Terrain Model (DTM) is an essential input for further data processing. It is used to rectify 

the optical satellite data for mapping and it is the most important pre-requisite for hydrological 

modelling. To create that DTM for this project, Dense Image Matching (DIM) was used. Such a process 

reconstructs three-dimensional data for every pixel from stereoscopic scenes by using the parallax 

between those two scenes. This necessary parallax results from the different viewing angles and 

positions with which the images have been acquired from the satellite. 

For the Dense Image Matching, Imagine AutoDTM was used. It is part of Erdas Imagine and it includes 

several different algorithms ς amongst others the Tridicon Semi Global Matching (SGM), which 

specializes in processing satellite imagery.  

For that SGM only the stereoscopic images within each scene were used to derive three-dimensional 

data. The overlap between the red and the green stereo scene was excluded from the Dense Image 

Matching as this overlap was not suitable. 

The output of that Tridicon SGM is a point cloud containing about 1.5 Billion points representing almost 

every pixel of the scenes with horizontal and vertical coordinates ς which also means that vegetation, 

buildings, manmade objects ς everything above the ground ς is also included. This special kind of 

Digital Height Model (DHM) is called Digital Surface Model (DSM) as it represents not only the bare 

earth but also the surface objects like, vegetation and infrastructures (Figure 7). 

To create a suitable Digital Terrain Model for the orthorectification of the satellite images and for the 

hydrological modelling, all objects in the DHM that do not represent bare earth had to be filtered out. 

Furthermore, outliers (peaks, bumps, artefacts) within the DHM were deleted or adjusted. The result 

was a Digital Terrain Model representing bare earth (Figure 8). 

 

Figure 7: Schematic visualization for a Digital Surface Model (red) vs. Digital Terrain Model (blue) 
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Digital Orthophoto (DOP) Digital Surface Model (DSM) Digital Terrain Model (DTM) 

   
Figure 8: Example visualization DSM vs. DTM in Monastir 

The process of filtering was done with the Erdas Imagine7 Point Cloud Tool and the LAS-Toolbar which 

is part if the 3D-Analyst extension in ArcGIS8. 

3.1.3 Landsat Data 

The Landsat Archive enables long-term studies of regional and global land use changes over 40 years: 

- Satellite data of all Landsat missions are available as open source data9 

- Landsat 8 (LDCM): current satellite data since April 2013 (15m panchromatic, 30m 

multispectral) 

- Earlier Landsat types like Landsat 1 (1972) to Landsat 7 (since 1999) are available to cover past 

periods. However, significant differences in resolution, e.g. from 60 m (Landsat 1) to 15 m 

(Landsat 7), are not suitable for an automated reconstruction of urban development in 

homogeneous form. A comparative mapping over a long period could be carried out in any 

case, which was sufficient in the present case. 

Other sensors such as Spot and Pléiades10, Ikonos, IRS-1*, Quickbird, Worldview* are commercially 

available and in some cases a better choice due to appropriate resolutions and image quality. Sentinel 

data11 is generally free of charge but is only available for recent years. The selection of satellite imagery 

is easily done with the freely accessible EarthExplorer12(Figure 9). 

                                                           
7 Erdas Imagine - Geospatial software solutions - www.hexagongeospatial.com/products/power-
portfolio/erdas-imagine 
8 ESRI ς ArcGIS Software for Mapping, Analytics and Data Management- www.esri.com 
9 http://earthexplorer.usgs.gov/ 
10 www.intelligence-airbusds.com/satellite-data/ 
11 ESA - www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Overview4 
12 EarthExplorer - https://earthexplorer.usgs.gov/ 

http://www.hexagongeospatial.com/products/power-portfolio/erdas-imagine
http://www.hexagongeospatial.com/products/power-portfolio/erdas-imagine
http://www.esri.com/
http://earthexplorer.usgs.gov/
http://www.intelligence-airbusds.com/satellite-data/
http://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Overview4
https://earthexplorer.usgs.gov/
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Figure 9: EarthExplorer for satellite imagery search and download 

All images and sensors must be precisely selected for their further application. In the case of this 

project, the focus of the image selection was on covering a period as long as possible with the same 

sensor. This could have been realized with Landsat data13. 

3.1.4 Aerial Photographs 

Aerial images are used for cartography purpose especially in urban context. They are taken from an 

airplane and require an exact and customized flight planning (area of interest, flight altitude, and 

weather forecast). Advantages of aerial photos for satellite images are a higher resolution (up to 3 cm 

per image pixel depending on flight altitude), and the availability of cloudless images, as the aircraft 

normally fly under the cloud cover. Archive data is usually available through official national authorities 

like CNCT14 in Tunisia.  

For the project purpose, archive data has been procured to cover past periods in a better mapping 

scale. In this way, an additional geographical view of the historical urban situation was made available 

and the reconstruction of the urban development was supported. The following years were covered 

within this project: 1962, 1984 and 2005. Unfortunately, the urban area of Monastir could not be 

completely covered by imagery for any point in time, as shown in Figure 10. 

In any case, all available photographs were georeferenced and evaluated with regard to urban 

development. 

                                                           
13 See 3.1.3 
14 CNCT - Centre National de la Cartographie et de la Télédétection (CNCT), Tunisia 
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1962 

 
1984 

 

2005 

Figure 10: Coverage of historical aerial photographs in Monastir 
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3.2 Preparation of collected data 

A GIS has a suitable database technology to manage geodata in a standardized and homogeneous way, 

to newly record or further process it. Therefore, all available data had to be consequently transferred 

to a GIS database. This applies to the following types of data:  

- The urban development plan (Plan D'Aménagement Urbain - PAU) which is the most 

important data baseline for urban planning and the official dataset of a Tunisian municipality. 

However, this map base is only available in a CAD format and was not up to date (revised 

version of 2013). 

- Auxiliary data, such as the administrative units of the city and region or thematic data on 

hydrology, geology, climate, socio-economic data etc. 

In any case, several data processing and cleaning steps were necessary to further refine the available 

data. 

3.2.1 tƭŀƴ ŘΩ!ƳŞƴŀƎŜƳŜƴǘ ¦rbain (PAU) 

Urbanization in the municipality of Monastir is governed by an urban development plan approved by 

decree. The so-called tƭŀƴ ŘΩ!ƳŞƴŀƎŜƳŜƴǘ ¦Ǌōŀƛƴ (PAU), last update 2013, is the main urban planning 

document in use in Monastir. This plan is well respected as a whole and is the fundamental element 

of urban development in the municipality of Monastir. It has contributed to the controlled growth of 

some areas in the city while safeguarding agricultural areas and other land. As of now, the PAU is only 

available in paper format for public use. A digital version exists as CAD files and differentiates between 

Monastir city area and touristic zones.  

The following layer types are available within the PAU:  

¶ Urban fabric, including density and construction types 

¶ Green spaces and agriculture,  

¶ Industrial, commercial, public or private zones, 

¶ Infrastructures (supply networks, railways, aviation and road transport) 

¶ Public equipment 

¶ Sectors of activity (e.g. sports and leisure, tourism, culture) 

¶ Servitudes (e.g. urban hydraulic, transportation, and various networks) 
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Figure 11: Example PAU content in CAD structure 

The CAD dataset is characterized by a completely different data structure compared to the GIS datasets 

(Figure 11). Same objects need to be stored in several data layers for visualization purposes, which 

causes data redundancy. Graphic map elements such as legends and north arrows are even stored in 

the same data layers as thematic contents. Geometric types like polygons, lines, points, and 

annotations are organized within the same dataset and cannot be easily differentiated. Standards are 

only given by means of official guidelines concerning data contents and visualization. Data models and 

definitions of quality or rules for completeness, generalization or mapping scale are even missing 

completely.  

To use the PAU data in an efficient way, it was an important objective to develop an updated, GIS-

based version of the PAU to serve as the main baseline for the risk assessment and visualization 

purposes. In order to match the objective of a standardized database, which serves as input for 

geospatial analysis and processing, the development of a GIS database is mandatory. Data models 

define datasets and relational databases allow comprehensive analysis. Several tools for visualization 

purpose, data processing and centralized storage are applicable.  

For that reason, a data conversion of the current PAU version from CAD format into a GIS database is 

essential. The usage and application of the provided PAU data requires a data conversion from CAD to 

GIS format which was done in two steps 

1. Conversion of the PAU - CAD dataset into a geodatabase including an initial quality control of 
the transferred data 

2. Transfer to the UDRASP GIS geodatabase 
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Conversion of the PAU - CAD dataset into a geodatabase 

The main challenge of the data preparation consisted of the data transfer from a CAD structure to a 

GIS database logic. This was performed and supported by a software-based method through the 

application of FME15.  The PAU of Monastir consists of several CAD files (DWG format) with thematically 

different contents e.g. urban fabric, infrastructure, tourism, archeological etc. which have to be 

aggregated in a standardized geodatabase. The following conversion steps are performed (Figure 12, 

Figure 13): 

- Provision of a GIS template geodatabase as target database after conversion 

- Analysis and conception of how PAU objects will be assigned to related GIS feature classes 

- Definition of the final geo reference 

- Identification of duplicate layers in CAD data and deletion to clean unnecessary objects in 

advance 

- Geometrical corrections 

- Automated data conversion according the provided concept 

- Quality checks after conversion 

- Provision of the GIS database filled with all relevant PAU data  

The coordinate system used in the DWG-files was determined as coordinate system Carthage/Nord 

Tunisia (EPSG: 22391). The final coordinate system is defined as EPSG: 32632/ UTM32N, WGS84. 

Several data cleaning steps were performed: 

- Duplicates from objects, which are presented in two or more layers were eliminated.  

- Main geometric correction (e.g. arcs to lines): Line features were decomposed into their 

component segments and, in case of being arcs that is typical for CAD data, converted to 

proper lines.  

- Self-Closing Lines from e.g. walls, hedges and embankments were strictly converted to correct 

lines 

- Building courtyards were clipped from building areas.  

- Building lines, using neighboring building edges to form other building areas or courtyards, 

were transferred to a separate building line feature class to avoid loss of information but need 

to be reviewed otherwise and modified to building areas. 

- Cleaning tasks like resolving multiparts, null geometries, incorrect geometries etc. 

- Conversion from 3D data to 2D data 

- Creation of the attributes "Layer", "Responsibility" and "Area" via attribute values of 

"autocad_layer" (e.g. attribute "Layer" corresponds to the άFeatureClassέ of the file 

geodatabase) to transfer as much information as possible 

                                                           
15 FME ς Solution for Complex Integration and Data Conversion - www.safe.com 
 

http://www.safe.com/
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- CAD data usually organizes text attributes as so-ŎŀƭƭŜŘ άŀƴƴƻǘŀǘƛƻƴǎέΦ ¢Ƙƛǎ ƛǎ Ŏompletely 

different to GIS logic. For that reason, each annotation text has additionally received a point 

geometry to transfer the text information as attributes in a geodatabase. 

- /ǊŜŀǘƛƻƴ ƻŦ ŀƴ ƛƴǘŜǊƛƳ άCŜŀǘǳǊŜ/ƭŀǎǎέ ŦƻǊ ŎƻǊǊǳǇǘŜŘ ƎŜƻƳŜǘǊƛŜǎ ŀƴŘ Ŏǳǘ ƭƛƴŜǎ (e.g. building 

boundary lines) for subsequently review of these data to check if useable or not. 

- CAD layers without any useful information or even duplicate has been disregarded (e.g. legend 

frames or other layer (e.g. 00 Périmètre d'études -6-.dwg)  

- All CAD data have been re-projected to the final georeferenced data. 

Satellite Image and PAU 

 

PAU ς CAD 

 

GIS 

 

Figure 12: Comparison Satellite Image - PAU ς GIS 

The data transfer from the PAU to the GIS was carried out with the help of the FME software. The FME 

Workspace reads DWG files and converts the contained objects into a file geodatabase. Therefore, 

FME transfers every single input data set according to predefined rules. In addition, initial data checks 

can already be performed to improve data quality as already described (e.g. deletion of duplicates, 

interaction of similar objects in a common data layer, etc.). 

 

Figure 13: FME workbench for data conversion and transfer to a GIS database 
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Transfer to the UDRASP GIS geodatabase 

After a thorough review and quality assurance of the provided PAU data, all remaining data were 

transferred to a template geodatabase, based on the UDRASP data model with definitions of feature 

classes, attributes and domain values according to the needs of the UDRASP project (see 3.3).  

Then, all available data were subsequently updated and completed for further processing in the 

project. Main objectives of the data update were: 

- Generation of a complete urban layer which means a 100% land cover and land use coverage, 

considering the Urban Atlas methodology and guidelines for mapping. 

- Correction or modification of existing features regarding their assignment to feature classes 

(e.g. green zones, natural zones, urban fabric in different densities, industrial zones etc.)  

- Geometrical correction of existing features in order to respect generalization rules and to 

provide an appropriate dataset for analysis purpose 

- Capture of missing features (e.g. buildings, transport systems, coastline etc.) to ensure 

completeness of the data for further processing. 

It must be ensured that data transfers subsequently fit into the given GIS data structure after each 

update of the PAU. While the PAU is mapped at a local level to a scale of 1:500 to 1:5000, an overview 

scale must be defined for the risk assessment. This requires a geometric transfer of objects from a very 

detailed to a generalized scale. However, since the data basis in the GIS is based on a different mapping 

scale, the PAU will also further exist as a planning basis from an administrative point of view.  

All data adaptations mentioned led to a complete and consistent data set that is ready to be used for 

later risk analyses and urban planning processes. Thus, the originally relevant development plan is 

integrated into the GIS (Figure 14). 

 

Figure 14: Data structure after conversion and review 
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3.2.2 Auxiliary input data and socio-economic data 

In addition to the transfer and update of the PAU data, a variety of additional socioeconomic and 

administrational data was collected and integrated into the geodatabase to support the vulnerability 

and risk assessment. A list of the included data is provided in Annex 1. In the following paragraphs, 

further information about selected data and their preparation is presented. 

The municipality has supplied data that provide information about administrative boundaries within 

the region. The data include the city limits of the municipality and boundaries of the sectors, district 

and governorate. These additional data have been validated and created as separate datasets, so that 

they can be included into the project geodatabase.  

Additionally, data about the natural landscape in the region are included into the database. Examples 

of the data include climate, geology, groundwater, deep groundwater, watersheds and land cover. 

Census data were provided by INS and then modified according ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǊŜǉǳƛǊŜƳŜƴǘǎΦ Lƴ ƻǊŘŜǊ 

to generate comprehensive information, that covers the entire area of the municipality the delivered 

census parcels were transformed. Figure 15 visualizes that the census parcels have no distinct 

boundaries between each other. In order to generate boundaries that can be used for subsequent 

analyses, it was necessary to transform them into distinct areas (units) that cover 100% of the area of 

interest within the city. The updated boundaries were set according to the local situation. 

 

Figure 15: Units, derived by adaptation of Census Parcels 

The census units were then used for the sub-city scale risk assessment. Due to the lack of census 

data for the entire city, a household survey was conducted in 15 of the 78 units to generate 

additional information that could be used for the vulnerability and risk assessment. A more detailed 

description of the workflow can be found in the report for Deliverable 3.2 Vulnerability and risk 

assessment (current conditions). 
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Furthermore, data layers have been produced by modelling and automated image analysis such as 

the results of the flash flood modelling, retrospective analysis of urban development or coastal erosion 

analysis (see Deliverables 2.1 Urban Development, D3.3 Coastal Erosion D4.3 Flood simulation). 

 

3.3 Data model and GIS specification 

The following chapter depicts the underlying data model of the UDRASP project and describes the 

applied GIS specifications. 

3.3.1 Land cover/ land use base map using Urban Atlas Nomenclature 

Mapping artificial structures is a complex issue, for the overlay/intersection between land cover and 

land use classes is exceedingly present and has significant effect on most downstream modelling 

processes considering land cover as physical situation and land use in context with e.g. population 

distribution and movement, as well as functional elements affecting the surrounding environment and 

citizens. Both issues ς cover and use ς need to be considered and served appropriately, when dealing 

with downstream modelling, such as urban development, effects of natural hazards, artificially caused 

risks and many other topics. 

In the context of Monastir available CAD and GIS data from different sources were considered and 

converted into an up-to date joint GIS dataset. To gain a suitable result when combing data taken from 

different sources, it is of utmost importance to define an appropriate feature catalogue prior to 

production. A feature catalogue is a "catalogue containing definitions and descriptions of the feature 

types, feature attributes, and feature associations, occurring in one or more sets of geographic data 

[...]."16 

The European Urban Atlas17 feature catalogue (revised version 4.7, released 2016-10-28) served as an 

adequate base. The Urban Atlas nomenclature has been derived out of many datasets and has been 

implemented in 2008. This nomenclature for the mapping of urban areas and their surroundings offers 

a level of detail that is suitable for the UDRASP project. Furthermore, the use of this common 

nomenclature per Classe 1 - Surfaces artificielles de l'ensemble de données UDRASP vides a product 

comparability to other urban products and data sets based on Urban Atlas. General rules and 

guidelines are listed in Table 3. Nevertheless, in applying European Urban Atlas nomenclature to the 

urban data set of Monastir some modification to the available data was required. 

This modifications originated firstly in the availability of more detailed and wide range of Earth 

Observation imagery; secondly in the user requirements and last but not least in the varying sources 

of the input data. 

                                                           
16 ISO 19110 Geographic information -- Methodology for feature cataloguing 
17 http://land.copernicus.eu/user-corner/technical-library/urban-atlas-2012-mapping-guide-new 
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3.3.2 General rules and guidelines  

The guidelines of the Urban Atlas were adapted according to the requirements of the UDRASP ς 

project. In Table 3 the Urban Atlas guidelines are compared with the guidelines as defined for the 

project in Monastir. 

Table 3: Comparison of guidelines of Urban Atlas vs. UDRASP 

Rules and guidelines Urban Atlas UDRASP 

Scale 1 : 10.000 1 : 5.000 

Satellite imagery Spatial Resolution < 5m Spatial Resolution = 0.3m 

Minimum Mapping Unit 
(MMU) 

Minimum Mapping Width 
(MMW) 

/ƭŀǎǎ мΥ җ 0.25 ha = 2,500 m² 

Class 2-рΥ җ 1 ha = 10,000 m²; 

җ 10 m 

Class 1: 0.04 ha = 400 m² (exc. traffic islands) 

Class 2-5: 0.15 ha = 1.500 m² 

җ 5 m 

Geometry Type Area geometry only Area geometry for urban coverage 

Line and Point Geometry for accompanying 
features (e.g. networks) 

Additional data source Navigation data or OSM for road 
network; 

Topographic maps for interpretation of 
objects; 

EU Imperviousness layer for sealing 
density 

tƭŀƴ 5Ω!ƳŞƴŀƎŜƳŜƴǘ ¦Ǌōŀƛƴ ŘŜ ƭŀ /ƻƳƳǳƴŜ ŘŜ 
Monastir (PAU); 

SHP-File containing the locations of critical 
infrastructure 

Thematic Accuracy /ƭŀǎǎ мΥ җ ур҈  

Class 2-рΥ җ ул҈  

hǾŜǊŀƭƭΥ җ ул҈ 

/ƭŀǎǎ мΥ җ ур҈  

Class 2-рΥ җ ул҈  

hǾŜǊŀƭƭΥ җ ул҈ 

Positional Accuracy < +/-5 m < +/-5 m (exc. Buildings)*  

Mapping scale on screen 1 : 5,000 1 : 1,500 

* Buildings as taken from PAU were not corrected regarding their position with respect to the satellite imagery 

The PAU data are available at a communal scale of 1:1.000, whereas the predefined scale for the Urban 

Atlas is set at 1:10.000. For the mapping of Monastir, the scale was set at 1:5.000 to consider the 
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mapping requirements of the Urban Atlas, but also taking into account the information derived from 

the PAU. 

To provide an appropriate database for a risk assessment in the urban are of Monastir, the 

internationally accepted standard "European Urban Atlas" was selected as a guideline and adapted for 

the project. Therefore, a conclusive data structure and the most important mapping guideline is 

described and has largely been respected within the data capture or review in the project. Since the 

European Urban Atlas Standard only considers areas as geometry type "polygon", it has been extended 

ōȅ ǘƘŜ ƎŜƻƳŜǘǊȅ ǘȅǇŜǎ ά[ƛƴŜέ ŀƴŘ άtƻƛƴǘέΦ CƻǊ ǘƘŀǘ ǊŜŀǎƻƴΣ ŀŘŘƛǘƛƻƴŀƭ ƳŀǇǇƛƴƎ ǊǳƭŜǎ ƘŀǾŜ ōŜŜƴ 

defined. Further information is given in 3.3. 

3.3.3 Adapted Urban Atlas nomenclature for Monastir 

In the course of the UDRASP project, urban data classes have been defined, corresponding to the Urban 

Atlas features classes. ANNEX 2 provides a full overview of the data model. If not specified otherwise, 

the following classes are mapped as area geometries. In ANNEX 3, the individual dataset classes are 

described in further detail and illustrated by examples from Monastir. 

3.3.4 Mapping 

To complete and update the geodata that were provided by the local urban development plan a 

mapping process was necessary. The spatial information for the city of Monastir was derived from the 

local urban development plan (PAU), which is the basis for the urban planning in the area. As the plan 

was created in 2013, a comparison with the current status of the city was required to ensure the 

creation of an up-to-date database. Current satellite imagery18 was used in the course of the mapping 

process.19 

The transfer of the PAU into the UDRASP database required an adaption of the scale from the 

communal level of the PAU (1:1.000) to the requirements of the project, which were defined at a larger 

scale (1:5.000).20 These differences in the mapping scale between the PAU and the UDRASP database21 

required a generalization of the information, provided by the PAU.  

To generate a reliable database, that can consequently also be used for spatial analyses, it is crucial to 

create a database, that fully covers the entire area of the city. The majority of the transferred data was 

kept unaltered. If necessary, missing features like recently constructed buildings were mapped. The 

transport areas were newly created, as they were not included in the PAU. Additionally, the natural 

areas were differentiated in several classes, as opposed to the PAU, that only defines one class for 

                                                           
18 See 3.1 
19 Further details on the workflow can be found in the FrencƘ ǇǊŜǎŜƴǘŀǘƛƻƴ ά{ŀƛǎƛŜ ŘŜǎ ŘƻƴƴŞŜǎ ǎǇŀǘƛŀƭŜǎέ ǘƘŀǘ ǿŀǎ ǇǊƻǾƛŘŜŘ 

in the course of the GIS Training in July 2018.  
20 See 3.3.2 
21 See 3.3.2 
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natural areas. Several existing features were also modified or erased. Changes in the geometries as 

well as the attributes of the data were made. 

3.3.5 Quality Assurance/ Control  

Data Quality is an indispensable foundation for obtaining meaningful results regarding the reliability 

of the data. The quality control process determines the quality of the data, but also significantly 

influences the quality of the subsequent analyses.22 

In the course of the quality control, the main data quality elements Completeness, Positional Accuracy, 

Thematic Accuracy, and Logical Consistency were considered in order to ensure a standardized and 

homogeneous database. 

The process is divided into the technical and the visual  quality control. In the course of the technical 

quality control, the captured features are reviewed by automated checks and routines. Visual Quality 

Control is aimed at detecting errors, by screening data in its spatial, thematic, or geometrical context. 

This visual approach supplements concepts and tools of technical quality checks in an efficient manner. 

Table 4 illustrates the general quality control checks that were conducted to ensure a high quality of 

the generated data.  

Table 4: General quality control checks as DataReviewer RBJ-file DG-Echo_General_Checks.rbj 

Check Name Description 

Cutback ¶ Line and Area Feature Classes 

¶ Minimum Angle size: 10° 

Dangles ¶ Line Feature Classes 

¶ Dangle Tolerance: >10 m 

Domain ¶ Point, Line and Area Feature Classes 

Duplicate geometries ¶ Point and Line Feature Classes 

Duplicate vertex ¶ Line and Area Feature Classes 

¶ Tolerance: 0.5 m 

Invalid geometries ¶ Point, Line and Area Feature Classes 

Multipart geometries ¶ Line and Area Feature Classes 

Non-linear segments ¶ Line and Area Feature Classes 

Self-closing lines ¶ Line Feature Classes 

                                                           
22 The process of the quality assurance is furthermore described in ǘƘŜ CǊŜƴŎƘ ǇǊŜǎŜƴǘŀǘƛƻƴ ά[Ωŀǎǎǳrance de la qualité des 

ŘƻƴƴŞŜǎέ ǘƘŀǘ ǿŀǎ ƘŜƭŘ ƛƴ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǘƘŜ DL{ ¢ǊŀƛƴƛƴƎ ƛƴ Wǳƭȅ нлмуΦ 
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Check Name Description 

Polygon Sliver ¶ Area Feature Classes 

¶ Thinness Ratio: 0.5 

¶ Maximum Polygon Area: 25m² A_150_Building, 100 m² all other 

Subtype check ¶ Point, Line and Area Feature Classes 

In Table 5 the quality checks concerning the geometries of the data are summarized. 

Table 5: Geometric quality control checks as DataReviewer RBJ-file DG-Echo_Geometry_Checks.rbj 

Check Name Description 

Buildings A_150_Buildings should not overlap: 

¶ L_122_Transportion 

¶ A_122_Transportation  

¶ L_120_IndComPubPriv with FCSubtype: Wall, Fence, Seawall, Embankment 

Embankments ¶ L_120_IndComPubPriv and A_120_IndComPubPriv, both with FCSubtype 
Embankment 

¶ Embankment Line Features are not allowed to cross Embankment Area Features 

Polygon Overlaps ¶ Area Feature Classes 

¶ Exception: Bridge/Tunnel 

Transport ¶ L_122_Transportion are not allowed to intersect A_122_Transportion with 
FCSubtype = Railways and associated land 
FCSubtype = Associated road objects 
FCSubtype = Fast transit roads and associated land 
FCSubtype = Other road and associated land 

¶ L_122_Transportion are not allowed to intersect L_120_IndComPubPriv with 
FCSubtype = Wall 
FCSubtype = Fence 
FCSubtype = Sea wall 
FCSubtype = Embankment 

Unnecessary boundaries ¶ Area Feature Classes 

¶ Exception: A_150_Buildings 

¶ Exception: L_120_IndComPubPriv with FCSubtype = Supply networks  

Unnecessary nodes ¶ Line Feature Classes 

¶ Exception: L_120_IndComPubPriv with FCSubtype = Supply networks  

Gaps ¶ Area Feature Classes of Urban Dataset 

Line Overlaps  ¶ Overlapping of Wall/Fence/ embankment/ Seawall 

Attribute Area vs. Building 
(e.g. Commercial Area + 
Building) 

A_120_IndComPubPriv and A_150_Buildings 
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Table 6 describes the quality checks regarding the attributes of the geodata. 

Table 6: Attribute quality control checks as DataReviewer RBJ-file DG-Echo_Attribute_Checks.rbj 

Check Name Parameter Description 

UA Code According to Urban Atlas Standard Point, Line and Area Feature Classes 

Attribute Checks According to data model Mandatory fields shall filled in completely. 

Area sizes According to UDRASP rules See Table 3 

 

3.3.6 Metadata 

Metadata summarize information on data sources, extraction and restrictions of the provided data 

sets, as well as about other topics related to those data sets. They are mandatory for a consistent 

documentation, transfer, and long-term storage of data. They are also an essential component for the 

generation of a quality management system inside the geo information context. If the spatial data are 

updated, metadata information must also be updated in order to ensure a proper documentation of 

any modification. It is recommended that the metadata are fully compliant to international standards 

such as INSPIRE23 and ISO24.  

3.3.6.1 Overview of Metadata Standards 

Compliance with the following standards concerning metadata for geospatial information must be 

ensured. 

INSPIRE 

¶ defines mandatory and optional metadata elements, sections and entities required for the 

description of geographical data and services, 

¶ provides a standardized metadata structure, sets of definitions and extensions, 

ISO 19115 ς Geospatial information ς Metadata 

¶ defines mandatory and optional metadata elements, sections and entities required for the 

description of geographical data and services, 

¶ provides a standardized metadata structure, sets of definitions and extensions, 

                                                           
23 άLb{tLw9 aŜǘŀŘŀǘŀ LƳǇƭŜƳŜƴǘƛƴƎ wǳƭŜǎΥ ¢ŜŎƘƴƛŎŀƭ DǳƛŘŜƭƛƴŜǎ ōŀǎŜŘ ƻƴ 9b L{h мфммр ŀƴŘ 9b L{h мфммфέ -  
http://inspire.ec.europa.eu/documents/Metadata/MD_IR_and_ISO_20131029.pdf   
24 ISO 19115-1:2014 Geographic information -- Metadata 

http://inspire.ec.europa.eu/documents/Metadata/MD_IR_and_ISO_20131029.pdf
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¶ defines relations and dependencies between metadata elements and classes through a UML25-

based, structured model, 

¶ applicable to the cataloguing of (geographic) datasets and the full description of datasets or 

features. 

A complete technical description of the INSPIRE Metadata Implementations Rules can be downloaded 

from the INSPIRE Document Library26. An INSPIRE Geoportal27 provides any information and 

documents to learn more about monitoring of available INSPIRE data sets, discovering suitable data 

sets based on their descriptions (metadata) and accessing the selected data view or download services. 

3.3.6.2 Metadata of the UDRASP dataset 

For the UDRASP dataset, metadata on geodatabase and dataset level are provided, compliant to 

INSPIRE and not in conflict with ISO 19115. UDRASP metadata are also provided as 

UDRASP_Template.mxd.xml file and part of the D5.1. GIS Implementation Deliverable. The file was 

created using the Inspire Geoportal Metadata Editor28.  

A considerable amount of data has been provided by various stakeholders (e.g. administrative units, 

additional data such as geology, urban areas, catchment areas, land cover, etc.). In these cases, no 

further metadata or necessary information on completeness, timeliness, data quality, time scope, etc. 

could be provided. 

 

  

                                                           
25 Unified Modelling Language (UML) is a graphical modelling language for the specification, construction and 
documentation of software parts and other systems. 
26 http://eur -lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008R1205&from=EN; 
https://inspire.ec.europa.eu/documents/inspire-metadata-implementing-rules-technical-guidelines-based-en-
iso-19115-and-en-iso-1  
27 http://inspire-geoportal.ec.europa.eu/ 
28 http://inspire-geoportal.ec.europa.eu/editor/ 

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008R1205&from=EN
https://inspire.ec.europa.eu/documents/inspire-metadata-implementing-rules-technical-guidelines-based-en-iso-19115-and-en-iso-1
https://inspire.ec.europa.eu/documents/inspire-metadata-implementing-rules-technical-guidelines-based-en-iso-19115-and-en-iso-1
http://inspire-geoportal.ec.europa.eu/
http://inspire-geoportal.ec.europa.eu/editor/
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4 Stage II ςRisk Assessment and Future Scenarios  

This work stage focuses on risk assessment (Figure 16). The first GIS database provides all geographical 

data to support modelling and further processing. The risk assessment is characterized by iterative 

processing: Identification and localization of hazard prone areas, identification of exposed assets, 

identification and assessment of vulnerability and finally a comprehensive risk assessment. The GIS 

functionality supports these steps. The data layers generated in connection with the risk analysis are 

merged into a comprehensive final geodatabase. 

 

Figure 16: UDRASP - Stage 2 ς Processing and analysis - Risk assessement and GIS Update 

The processing and analysis activities are mainly done within the work packages and described in the 

following chapters. 

- Retrospective analysis 

- Multi-hazard risk assessment 

- Future risk scenarios 
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4.1 Retrospective analysis 

A multi-temporal analysis of the past urban development in the city of Monastir was conducted to gain 

insight into past processes in the urban region. Furthermore, the analysis serves as an information 

base for the modelling of future scenarios concerning urban growth in the Monastir region, which is 

elaborated in chapter 4.2.3. 

4.1.1 Urban development based on a timeline study 

The multi-temporal land use/ land cover (LULC) layer of the larger Monastir region was prepared in 

order to serve as input information for modelling future developments of the urban region (see report 

for Deliverable 4.2). 

Changes in the environment (artificial and natural) over time are highly connected to changes in 

infrastructure as these changes influence potential expansion activities of the local population, 

industry, etc. Figure 17 shows the area considered within the timeline analysis since 1975 (rose AOI) 

in comparison to the administrative area of Monastir (black AOI). Along and outside of the 

administrative boundary main connecting roads and emerging urban agglomerations are visible, which 

have significant influence on the city of Monastir, encircling the latter like a belt towards the south. 

 

Figure 17: AOI Monastir administration (black), AOI considered for timeline preparation (rose),  
artificial LULC structures (red) 

Therefore, the region has been extended for about 2km, including Sahline, Mejed Aissa, Bemble/ 

Manarah, as well as Khniss (west to east). Towards the West no adaptations were made as the natural 
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boundary is defined by a broad water course (Oued Hamdoun) separating the region from Sousse and 

covering an overall area of almost 120 km² (without water).  

4.1.1.1 Land use/ land cover timeline  

An initial approach for the land use/ land cover (LULC) analysis focused on creating a change database 

over the last 15 to 20 years as an input for modelling future developments. However, a more detailed 

investigation in the available data archive provided the opportunity to further widen the data range 

backwards in time. Considering a longer period of historic data leads to a more reliable model, because 

changes become more obvious in the mapping process and statistical analyses.  

The initially applied data were selected with the purpose of choosing an equal distribution over the 

last 40 years (see Figure 18, upper timeline). In discussion with UNU (applying the model onto the data) 

it became obvious, that even more dates were required leading to a very detailed mapping range of 

finally 13 dates, covering the last four decades of LULC over the region (see Figure 18, lower timeline). 

 

Figure 18: Timeline of initial Landsat data analysis and after densification 

Table 7 lists all data sets considered in the analysis. It has to be stated, that due to technical and 

technological developments, the spatial resolution of the EO data increases over the course of time. 

The larger gaps between 1975 and 1981, as well as 1992 and 1999 are related to insufficient data 

availability. 
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Table 7: EO data used for timeline mapping 

Year Sensor (spatial res.) Scene ID 

2017 Landsat 8 (30m/15m) LC08_L1TP_191035_20130711_20170503_01_T1 

2014 Landsat 8 (30m/15m) LC08_L1TP_191035_20141205_20170416_01_T1 

2011 Landsat TM5 (30m) LT51910352011171MPS00 

2008 Landsat 7 (30m/15m) LE07_L1TP_191035_20080315_20161230_01_T1 

2005 Aster (30m/15m) AST_L1T_00305102005101204_20150509103024_57179 

2002 Landsat 7 (30m/15m) LE07_L1TP_191035_20020907_20170128_01_T1 

1999 Landsat 7 (30m/15m) LE07_L1TP_191035_19990814_20170217_01_T1 

1992 Landsat TM4 (30m) LT04_L1TP_191035_19920522_20170124_01_T1 

1990 Landsat TM5 (30m) LT05_L1TP_191035_19901117_20170129_01_T1 

1986 Landsat TM5 (30m) LT05_L1TP_191035_19860207_20170218_01_T1 

1984 Landsat MSS (60m) LM51910351984193AAA03 

1981 Landsat MSS (60m) LM32050351981157AAA03 

1975 Landsat MSS (60m) LM22050351975180AAA06 

Data Source: https://earthexplorer.usgs.gov/  

4.1.1.2 Urban Atlas nomenclature 

Classification was performed following the European standard of CORINE29 and Urban Atlas30, 

differentiating between a wider range of housing classes, considering their density and compactness 

as well as land use classes (e.g. industrial and commercial). This is significant for the timeline simulation 

as it allows a more detailed estimation of the population distribution within the classes. It further 

ensures a comparability with the data gained via the up-to-date mapping of Monastir (see chapter 3.3).  

 

Figure 19: Classes applied for timeline analysis 1975 ς 2017 

Figure 19 gives an overview on the applied classes for the timeline analysis of the period between 1975 

and 2017. Following Urban Atlas, land cover features җ 0.25ha were mapped separately, if visible in 

the imagery. Natural and semi-natural classes, such as open spaces, agricultural areas, water and 

                                                           
29 https://www.eea.europa.eu/publications/COR0-part2 
30 http://land.copernicus.eu/user-corner/technical-library/urban-atlas-2012-mapping-guide-new 
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wetland were mapped starting from 1ha. Linear structures, such as main connecting roads were 

mapped if they were visible on the image and were considered relevant regarding the infrastructural 

network. Later the infrastructure was buffered (roads 20m or 15m; railroad 10m) and included in the 

areal LULC dataset. 

4.1.1.3 Classification 

The mapping technology refers to the dataset of highest temporal relevance and spatial resolution 

(master layer), which is the Landsat 8 dataset of 2017. Alongside to this dataset, WorldView 3 imagery 

was available and used as reference dataset for initial classification of the region. Here, a semi-

automatic technology, using object-based image analysis was applied, interpreting spectral and textual 

characteristics of the data. 

 

Figure 20: Workflow of image analysis 

Figure 20 gives an overview of the interconnectivity of the different processing steps, resulting in a 

polyline and polygon layer representing linear infrastructure and LULC. 

Based on this up-to-date classification result backdating is applied following a standardized strategy. 

Backdating towards the next data set in time considering the appropriate satellite imagery (Figure 21): 

¶ Copy and review of linear infrastructure network 

¶ Preparation of buffering for final merge with LULC data set 

¶ Copy and review of LULC 

Due to decrease in spatial resolution (looking back in time), basic assumptions had to be made: 

¶ Change in importance of roads is likely 

¶ Artificial structures are unlikely to be removed within time 

¶ Expanding of urban agglomerations is unlikely 

¶ Change of density classes towards sparse is likely 
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¶ Change between housing and industrial is unlikely 

¶ Opposite change within the wetland basin are likely 

¶ Coastal modification is likely 

Within the backdating process itself, reclassification was performed following a systematic review 

strategy. In case of limited visibility (due to spatial resolution and/or potential seasonal effects), EO 

data of the following timeline were consulted. 

 

Figure 21: Workflow of backdating process 

Finally, a range of 13 LULC timestamps were prepared as single files as well as aggregated to one data 

layer combining information of all years ready for statistical analysis. With respect to the 

inhomogeneous spatial resolution, spectral quality and small extent of the area under investigation, 

the backdating process was performed semi-automatically. 
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Figure 22: Result of Urban Atlas Classification of 1975, 1999, 2011 and 2017 

Figure 22 shows exemplary results of selected years. The increasing extend of urban structures is 

clearly visible. Overall statistics show a trend of arable land transforming into artificial structures 

(Figure 23). 
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Figure 23: Class statistics of greater Monastir region within entire time range 1975 ς 2017 

 

4.1.1.4 Validation concept 

Two suitable systematic quantitative validation concepts (following ISO 2859-1) have been considered. 

The polygon-based approach, considering a (stratified) randomly selected number of classified poly-

gons is dependent on the number of polygons available within the initial total sampling unit (all 

objects). Table 8 shows the number suitable for the appropriate years within the greater Monastir 

region. It becomes apparent that the number of objects doubles within time and makes the results 

hard to compare. On the other hand, qualitative and quantitative checks are problematic if the extent 

of the individual objects shows such a wide range. 

Table 8: Number of classification objects and suitable sampling unit 
 

1975 1981 1986 1992 1999 2005 2011 2017 

number of objects 234 304 328 380 444 499 540 562 

stratified samples31 65 77 83 88 93 103 118 118 

Alternatively, a validation technique following the location based random selection (GRID), is able to 

compensate this challenging aspect, especially present over areas with limited extend and hetero-

geneous class distribution. Figure 24 explains the applied approach in more detail. 

                                                           
31 ISO 2859-1  
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Figure 24: Location based validation concept 

Based on a regular GRID (300x300 m = 10x10 pixel in medium resolution), a stratified random selection 

has been applied, representing all existing classes following their portion within the checked 

classification result. The area was therefore split into 1577 sections, where a minimum of 125 samples 

had to be checked. 

In the course of the true random approach, different areas have been chosen for each year. This results 

in a more stable validation result than by using the same selection repeatedly (Table 9). Validation has 

been performed on the data used for classification by an independent interpreter. Even though a 

validation concept requires the application of independent data this was not possible for the time 

range and therefore not used. The main objective was to check, if the spectral and textual signature 

visible by a different interpreter resulted in a similar classification response (mono-temporal justice). 
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Table 9: Validation results 

 1975 1981 1984 1986 1990 1992  1999 2002 2005 2008 2011 2014 2017 

SAMPLES 126 126 126 126 126 126  126 126 126 126 126 126 126 

agreement 95 120 123 121 123 123  120 124 121 122 126 124 120 

disagreement  4 6 3 5 3 3  6 2 5 4 0 2 6 

limitation32  27       1       

Result 96.0 95.2 97.6 96.0 97.6 97.6  94.4 98.4 96.0 96.8 100 98.4 95.2 

REFERENCE               

Google Earth         x x x x x x 

Landsat/Aster x x x x x x  x       

It has to be noted, that identified miss-classifications have been reviewed and corrected within the 

multi-temporal context. 

4.1.2 Results 

Linear infrastructure and water networks (polylines) as well as Urban Atlas LULC features (polygon) 

have been provided as single, aggregated datasets (Geodatabase), ready for statistical and geo-spatial 

analyses (Figure 25). 

 

Figure 25: Joint database of all classification years 

They serve as input for modelling of future urban development within the region, which is described 

in detail in the report for Deliverable 4.2. 

  

                                                           
32 due to data quality 
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4.2 Multi-hazard risk assessment 

A multi-hazard risk assessment was conducted on a sub-city scale in the municipality of Monastir 

focusing on current conditions. A focus was set on coastal erosion and flash floods that have a 

significant effect on the region. Main drivers of the risk in Monastir were identified and hotspots in 

the region were located. The following section gives an overview of the conducted analyses. 

4.2.1 Drivers of risk and vulnerability 

The identification of the main drivers of vulnerability and risk in Monastir and the analysis of these 

drivers was conducted combining (1) a systematic review of scientific and grey literature (e.g. reports, 

etc.) with (2) stakeholders consultations (interviews, workshops) in Monastir (see deliverable 3.1). The 

analysis revealed that flash floods and coastal erosion are the most critical hazards affecting Monastir 

as well as a list of vulnerability indicators that were integrated into the spatial vulnerability and risk 

assessment (see deliverable 3.2) and the development of future risk scenarios (see deliverable 4.4) 

4.2.2 Hazard and exposure analysis 

Areas potentially affected by flash floods and coastal erosion were identified in the study area. In a 

next step, exposure to these hazards was assessed focusing both on exposure of the population as well 

as on exposure of critical infrastructures. A detailed description of the hazard and exposure analyses 

for flash flood and coastal ŜǊƻǎƛƻƴ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ǘƘŜ ǊŜǇƻǊǘǎ ŦƻǊ 5ŜƭƛǾŜǊŀōƭŜ нΦн όάCƭŀǎƘ CƭƻƻŘ 

aƻŘŜƭƭƛƴƎ ƛƴ aƻƴŀǎǘƛǊέΣ ά/ƻŀǎǘŀƭ 9Ǌƻǎƛƻƴ ƛƴ aƻƴŀǎǘƛǊέύΦ  

4.2.2.1 Flash Flood 

To simulate urban flood events, precipitation values of extreme events in 1982, 2016 and an 

extrapolated 100-year rainfall event (see also 4.3.1) were combined with a DTM of Monastir. Three 

scenarios were modelled to simulate the runoff pathways using the modelling suite MIKE FLOOD33. For 

the analysis bathymetry, surface roughness, infiltration values and further parameters were included 

to create a detailed representation of the local situation. 

As a result, runoff pathways combined with maximum water depths as well as maximum flow velocities 

for the three rainfall scenarios were calculated. In Figure 26 the modelled results for the HQ2016 

scenario are presented. 

                                                           
33 MIKE FLOOD ς Modelling Software MIKE21 (source: DHI ς Wasy) 
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Figure 26: Modelled maximum water depth and maximum flow velocity for HQ2016 

In a next step, the results of the maximum flow velocities and maximum water depths were combined 

with a debris factor to calculate the flash flood hazard for Monastir. In Figure 27 the classified flash 

flood hazard for the three scenarios is presented for the area around the medina of Monastir. 

 

Figure 27: Comparison Flash Flood Hazard HQ1982, HQ2016, HQ100 

Following the hazard analyses, the flash flood exposure for the city of Monastir was calculated. A focus 

was set on identifying the exposed urban residential areas, transport areas and the affected 

population. The results were provided for all of the 78 administrational units of Monastir. 
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For each unit the total population was distributed among the building blocks. The distribution of the 

population was weighted according to the population density as defined by the Urban Atlas class34 and 

depending on the size of the affected building block. In Figure 28 the calculated exposure for Unit 61 

is illustrated. 

 

Figure 28: Exposure of Urban Fabric and Transport Area in Unit 61 

Figure 29 visualizes the results of the exposure calculation for the residential urban areas and the 

transport areas in Unit 61. 

                                                           
34 See 3.3.3 
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Figure 29: Exposed Urban Fabric in Unit 61 
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4.2.2.2 Coastal Erosion 

In Figure 30, the workflow of the hazard analysis is depicted. Satellite imagery was combined with a 

DSM and modelled flow velocities during flash flood events (see 0) to analyze coastal erosion hazard. 

 

Figure 30: Workflow Coastal Erosion Hazard Analysis 

The workflow for the exposure analysis for coastal erosion is illustrated in Figure 31. The land use 

within the hazard area was defined and categorized into five classes. The classification was created in 

reference to the previously conducted land use mapping.35 Each LUC Polygon was classified according 

to its status of development. The exposure of each coastal segment was examined and described 

considering the terrain conditions, LUC-Classes and the development status.  

 

Figure 31: Workflow Coastal Erosion Exposure Analysis 

Figure 32 depicts the results of the analysis of coastal erosion hazard and exposure for a coastal 

section in Monastir. The terrain situation illustrates to what degree the region is affected by coastal 

                                                           
35See report for Deliverable D2.2 ά/ƻŀǎǘŀƭ 9Ǌƻǎƛƻƴ ƛƴ aƻƴŀǎǘƛǊέ 














































