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Urban areas around the globe are increasingly confrontedway megatrends of global change:
urbanization andhe growingfrequency and intensity of climateslated extreme egnts.Coastal cities
are additionallyaffected bysea level rise, land subsidence and ¢alkerosion. Combined with high
levels of societal vulnerability, these trends increase disasterangk associated loss of life and
economic damage. Tunisia faces majgks among the Edeighbortood countries, given its rapid
population growth and almost 80% of its urban areas concentrated along the Mediterranean Sea

To support the enhancement of muliazarddisaster prevention and resilience in the country, the city

of Monastir is used as a pilot studyvailability of upto-date data and infamation on urban disaster
riskas well as underlying drivers will enable local decision makers to identify potential hot spots for
short and medium term disaster risk reductioreasures 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 workflawith a focus on the technical perspective. The
project consistd of six main tasksjgurel), which will be described im more generalized versian
the following chaptersFor extracting a generic overview of the workflow, the taskave been
summarized into threstagegstagel = task 12 (partially) /stagell = task 34/ stagelll = task 5).

UD-RASP

Urban Disaster Resilience through Risk Assessment and Sustainable Planning

5
Web-based
Information System

T3 T4
Multi-Hazard Risk Future Risk
Assessment Scenarios

T1 T2
Baseline Retrospective Analysis
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B Requirement Multitemporal
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Figurel: Work packagesluring the project runtimand allocation tcstages

This document describes the mostportant activities to integrate risk analysis in urban planning from
a technical point of view. Starting from a scaecdata environment, the process is described how
remote sensingcan beused to improve theavailability and quality oflata in order to ceate a

\‘
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homogenizeddatabase for the subsequent risk assessmént final step, thalata is published in a

centrally accessible platform. The various datgefa are thus prepared in llomogenized form to

point out the spatial context clearly visible tedsiormakers.

Identification

of goals and
priorities

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

r

\

Collection and
preparation of
Database

Stage 1

‘\

Analysis of

current Risk

Stage II

Analysis of
future Risk

\_

Implementation
of information
system

Stage II11

J

Capacity building activities

Figure2: Generalizedvorkflow

Ongoing parts during the project lifetime
Stakeholder engagement

the project, where the appliedmethods and tednologiesare discussé in moredetail. In addition,
this documentation contains references to further literature and information sour€astechnical

documentis addressedo administrators,GIS users and urban planners concerned with future data

updates and the integration of risk analyénto urban planning.
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2 Workflow

The workflow that has been developed in the course of the project is depicteigume3.

Technical Workflow Legend

Integration of Risk Assessment in Urban Planning m Final Products

Imagery
World View-3/ 2017

Precipitation Data
Socioeconomic /
Household

Modelling
‘o gl Flash Flood (past- present- extreme)
Urban Growth (retrospective — future)

Landsat 1975-2017
Aerial Photographs

Survey Data

Digital Terrain
Model

Exposure

Ortho Mosaic Hazard Prone Areas (current/ future) Risk

(Flash Flood, (current/ future
Coastal Erosion) scenarios)

Vulnerability
(current/ future)

CAD
PAU
GIS - Datasets
GIS Datasets (initial) Urban
Updates/ Mapping Additional
Productlon/ Data Administration Web System
— Integration Flash Flood
Additional Updates Coastal Erosion
Datasets ac RISK*

Raster

PAU — Plan d'Aménagement / GIS — Geographic Information System / QC — Quality Control / CAD — Computer Aided Design / FME — Data Conversion Software

Figure3: UDRASP workflow to provide all project relateddz¢a

The interactbn and complexity of the individual work steigsllustratedin the technical workflowin
order to structure the workflow according to technical and time related steps, thresd stagescan
be defined

- Stagel: Data collection and preparation
- Stagell: Risk Assessmeand future scenarios
- Stagelll: Implementation of systems

In dependency of available data, different approaches of rensaesing and geoinformatics have
been applied to prepareral integrae the provided datgstagel).
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- Review and prepatin of input data (PAY) 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 activityall basicdata was collectedreviewedand managed i GlSbased structure
(UDRASP GIS)

Thisinitial geodatabasdurthermore serves as baseline for the risk assessnistagell). For that
reason, sveral additional activities haveeen performed:

- Workshopsand 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 (@oticonditions, future scenarios for 2030)

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

- Documentation and visualization of risk zones and related results

In the last activitygtagelll), selected data layers are transferred from th& @&l 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 theirignificance for further urban planning with regard to natural hazards and
risk assessment.

1ttty RQ! YSY I cH&ddpyidnt plart abgsaline for urbamplanning
10
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3 Stagd ¢ Data collection and preparation

The firststageinvolves data collection and preparation for subsequent use iragskssmengFigure
4). The following input data had to be considered

- Satellite Images
- Current imagey
- Archive data for retrospectivanalysiof urban development
- Development plarfor urban planningurposein Tunisia
-ty RQI Y®4oaMbNasSty G
- Additional digital or analog datahat arerequestedfor project
- Administrativeand socieeconomicdata
- Soatial data from hydrology, geology, urban plannitignsport, supply networks,
infradructure, coast, hazard zones

Main objective of thistageis the specitation and implementation of a GIS to merge all available data
in a homogenized data structure. Other deliverables of the fitagjeare the generation of a digital
terrain model (DTM) and an image layer for visualization of the current situation iMtimécipality
(provided a®mrthomosaic) The various processing steps of this fatstgeare describedh the following
chapters

Stage | Legend

Data collection and Input data

preparation

m Final Products

Initial Data

Administrative boundaries
Critical Infrastructure

Satellite Images Aerial
photographs
multi temporal
(2-3 decades)

oo
Plan d'aménagement e

Geological Maps
Census data ....

urbain (PAU)

Data Conversion, Data Transfer Digital Terrain Model
Transfer and and Integration Urban Development
Integration,

Documentation

Initial GIS GIS

Digital Terrain
* Vector data (GDB) with following datasets: Model

© Dataset Urban

o Dataset Admministration / Additional
* Meta data (XML)
= Satellite Images / DTM
* Quality Control

Ortho Mosaic

Figure4: UDRASPStagel ¢ Data collection, preparation and data transfer to &Gl

11
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3.1 Imageryand deived products

Updates based on current satellite images are the preferred method for data updates. When acquiring
images, it must be verified thabe image resolution and area coverage is suitable to the needs of a
data update For the UDRASP projectetfollowing imagery have been procured:

- World View 3 datawasusedasa baseline for mapping and derivation of the digital terrain
model (DTM) Very highresolution satellite imagery data WorldView 3 with a spatial
resolution of 0.3mMore explanationasto how the imagery waproces®d is given below
(3.1.0.

- Landsat Dat& periods1975¢ 2017 to derive the past urban developmerfiree satellite
images in different resolutions and coveragae® available More explanationon how to
process the imagery is given belofvl).

- Aerial photographé: periods 1962, 1984 and 2005ghow the historical situation and support
the past urban developmerand modelling need#\erial photographs are usually apjpriate
for urban mapping needs on a local scale (1:500:5000)due to the very high image
resolution(10- 50 cm) which enables detailed image recognifion

3.1.1 World View 3 data

An essential part of this projecttise generation of aligital terrain modé (DTM). With regard to the
availability of suitable data and the necessity of that DEMreoscopic Worliew3 (WV3}f images

were used as input data, from which the DTM was generated and which was used to rectify the satellite
images in order to mapased onthose images and as basis for hydrological modelling.

The acquired World View 3 images were receivescasalledd 2 NIl K2 NBF Reé aidSNB2¢
they are projected to a plane usirsgmap projection and datum, and a constant base elevation but
they have no topographic relief applied with respect to the reference ellipstierefore,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: thestdt of the dense image matching).

2 EUSHwww.euspaceimaging.com

3US Geological Survey / Earth explorettps://earthexplorer.usgs.gov/

4 Data Source<Centre National de la Cartographie et de la Télédéted@MCY, Tunisiag Archive datd Office
de la topographie et de la cartographie (O,i@pnastir, Tunisia

Ssee3.1.4

5 www.digitalglobe.com/aboutis/content-collection#worldviewd

12
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Figure5: Footprint of stereoscopic World View 3 imagery

The used WV3 imagery consists of two stereoscopic scéfigeré5: red and green). Each scene
contains two imges 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%.

Tablel: WV3 Scene Properties

17MAR05102832 Green -5°
17MAR®102743 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 image(yablel). In this progct 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 bit within a 16bit container. Merging both versions into one
AYF3IS A& OFfftSR aLJ yaKIl NLISwyageg dith 80cnt BSH Mdefe nbiBed (i K S
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 (CE9@hstlice a high accuracy of the
resulting digital terrain model and as a result of that; 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 cordl points were derived from the Plan! YSyY I 3SYSy G | NB I A\
Commune de Monastir (PAU).
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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 ialsbe optical imageryFigure6).

15 of those points were used as control poififable2). This means they were used to enhance the
accuracy of the imageryand 15 more were used as so called checktgpiwhich means they are not

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

Figure6: Distribution of Ground Control Points (GCP, Triangles) and Chetk(E®, Squares)
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Table2: Exampés of Ground Control Points (GCP)
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Example PAU
Curbside v//
/'/'
S -
\_H“H. .\\ ,
; . )
0
\ .
\‘\\\
Pool Edge
L

Road Marker

The Ground Control Points are distributed evenly however more on the northern part. This is d
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 cside of those two Ground Control Points is mapped

incorrectly in the PAY] since all other Ground Control Points and Check Points were correct.

The final enhancement of the accuracy has been completed aaesotriangulation within the

a2F0 o NBC NK I yiSBdzf RES2 y €
calculated by the software is 0.5.m

2F G(GKS a! LILJThe tnal Gocagya
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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 usedfyo rect
the optical satellite data for mapping and it is the most important-prquisite for hydrological
modelling. To create that DTM for this project, Dense Image Matching (DIM) was used. Such a process
reconstructs threaedimensional data for every pixeloin 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 AdtbDwas used. It is part of Erdas Imagine and it includes
several different algorithms amongst others the Tridicon Semi Global Matching (SGM), which
specializes in processing satellite imagery.

For that SGM only the stereoscopic images within each saene used to derive thregimensional
data. The overlap between the red and the green stereo scene was excluded from the Dense Image
Matching as this overlap wamt 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 coordingtehich also means that vegetation,
buildings, manmade objects everything above the ground, is also included. This special kind of
Digital Height Model (DHM) is called Digital Surface Model (DSM) as it represents nibtedndye

earth but alsahe surface objects like, vegetation and infrastructufeigure?).

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 (peaksbumps, artefacts) within the DHM were deleted or adjusted. The result
was a Digital Terrain Model representing bare edRigure8).

Figure7: Schematic visualization for a Digital Surface Model (red)Digital Terrain Model (blue)
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Digital Orthophoto (DOP) Digital Surface Model (DSM) Digital Terrain Model (DTM)

Figure8: Example visualization DSM vs. DTM in Monastir

The process of filtering was done with the Erdaadime Point Cloud Tool and the LASBolbar which
is part if the 3PAnalyst extension in ArcGIS

3.1.3 Landsat Data
ThelLandsat Archivenables longerm studies of regipal and global land use changes o¢@ryears

- Satellite data of all Landsat missicare available as open source ddta

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

- EarlierLandsatypes like Landsat 1 (1972) to Landsat 7 (since 1999) are available to cover past
periods.However, significant ffierences in resolution, e.g. from 60 m (Landsat 1) to 15 m
(Landsat 7), areot suitable for an automated reconstruction of urban development in
homogeneous formA comparative mappingver a long perioctould be carried out in any
case, which was suffamt in the present case.

Other sensors such as Spot dPktiade®’, lkonos, IRS*, Quickbird, Worldview*are commercially
available andn some cases a better choice due to appropriate resolutions and image q&alitiimel
data'lis generallfree of chage butisonly availabldor recent yearsThe selection of satellite imagery
is easily donavith the freely accessible Earthfdorert?(Figure9).

" Ercas Imagine Geospatial software solutionswww.hexagongeospatial.com/products/power
portfolio/erdasimagine

8 ESRt ArcGIS Software for Mappingnalytics and Data &hagement www.esri.com

9 http://earthexplorer.usgs.gov/

o www.intelligenceairbusds.com/satellitedata/

11 ESA www.esa.int/Our_Activities/Observing_the Earth/Copernicus/Overview4

12 EarthExplorer https://earthexplorer.usgs.gov/
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Home

Login Register FJLEJ Feedback He

Search Ciiteria Additional Criteria | Results S Crizde ey ) Clear Criteria

2. Select Your Data Set(s)

Check the boxes for the data set(s) you want to search. When
done selecting data sei(s), click the Additional Criteria or
Results buttons below. Click the plus sign next to the category
name to show a list of data sets.

(35°33'29"N, 00955 14"E)  Options  Overlays

[ Use Data Set Prefilter (what's This?)

Data Set Search: ] ‘

& Declassified Data A
# Digital Elevation LI
& Digital Line Graphs
& Digital Maps L
#E0A
[ Global Fiducials
B HCMM
FH1SERV
& Land Cover
ELandsat LI
E-Landsat Analysis Ready Data (ARD)
& Landsat Collection 1 Level-2 (On-Demand) LI
& Landsat Collection 1 Level-1
B Landsat Legacy
(5 NASA LPDAAC Collections
' Radar
& Sentinel
M@ [E sentinel-2
FUAS
¥ Vegetation Monitoring

= E o -

Figure9: EarttExplorer for satellite imagesearch andlownload

All images and sensors must be precisedyected for theirfurther 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 heeealized with Ladsat data®.

3.1.4 Aerial Photographs

Aerial images are used for cartography purpose especially in urban context. They are taken from an
airplane and reque an exact andcustomizedflight planning (area of interest, flight altitude, and
weather forecast). Advdages 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 coverchive data is usually availableough official national authorities

like CNC'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 maitiebder

and the reconstruction of the urban development was supporfBae following years were covered
within this project: 1962, 1984 and 2005. Unfortunately, the urba@aanf Monastir could not be
completely coveredy imagery for any point in times shown inFigurel0.

In any case, all available photograpivere georeferenced and evaluated with regard to urban
development

13See3.1.3
14 CNCT Centre National de la Cartographie et de la Télédéted@MCY, Tunisia
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Figurel0: Coverage of historical aerial photographdaonastir
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3.2 Preparatiorof collecteddata

AGIS has a suitable database technology to manage geodata in a standardized andriemusgeny,
to newly record offurther process itTherefore dl available data had to beonsequentlytransferred
to a GIS datadise This applies to the followintypesof data:

- The urban development plan (Plan D'Aménagement Urbain PAU which is the most
important data baslinefor urban planningand theofficial dataset of a Tunisian municipality
However, this map base is ordyailable ina CAD format andvas rot up to date(revised
version of 2013).

- Auxiliary data such as the administrative units of the ciépd region or thematic data on
hydrology, geology, climate, soes@onomic data etc.

In any case, several dataocesing andcleaning steps were nessary to furtherefine the available
data.

321 tf Iy RQ! YSFainPEWSYy (i |

Urbanization in the municipality of Monastir is governed by an urban Idpweent plan approved by
decreeThesecalledt f 'y RQ! Y Sy | @8Jy, Bsfupdate R 3 theymain urban planning
document in use in MonastiiThis planis well respected as a whole anglthe fundamental element

of urban development in the municipality of Monastirhds contributed to the controlled growth of
some aeas in the city while daguarding agricultural areamdother land. As of now, the PAU is only
available in paper formdbr public useA digital version exists as CAD files and differentiates between
Monastir city area and touristic zones.

The bllowing layer types are available within the PAU:

Urban fabri¢includingdensity and construction types

Green spaces and agriculture,

Industrial commercial, publior private zones,

Infrastructures (supplyetworks, railways,dation and road transpojt
Publicequipment

Sectors of activitye.g. sports and leisure, tourism, culture)
Servitudes (e.g.rbanhydraulig transportation, and various networks)

= =4 =4 4 -8 -8 4
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Figurell: Exanple PAU content in CAD structure

TheCAD datasédscharacterzed by a completg different data structureomparedo the GIS datasets
(Figurell). Same objects need to be stored in several dayeersfor visualization purposesvhich
causes data redundanc@raphic map elements such agdmds ad north arrows areevenstored in

the same data layers athematic contens. Geometric types like polygons, lines, points, and
annotations are organized within the same dataset and cannot be easily differentiated. Standards are
only giverby meansof official guidelines concerning data contents and visualizabata 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 wasnaportant objective to develop ampdated, GIS
based version of the PAtd serve as the main baseline for the risk assessment and visualization
purposes.In order to match the objective of a standardizddtabase, whiclserves as input for
geospatial analysis and qmessing, the development of a GIS database is mandddata models
define datasetsand rlational databases allow comprehensive analyS&veral tools for visualization
purpose, data processing and centralized storage are applicable.

For that reasona data conversion of the current PAU version from CAD format into a GIS database is
essetrtial. The usage and application of the provided PAU data requires a datarsion from CAD to
GIS format which was done in two steps

1. Conversion of the PAUCAD datset 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 PAUCAD dataset into a geodatabase

The nain challengeof the data preparation consisted of thdata transfer froma CAD structure to a
GIS database logic. This waerformed and supportedy a softwarebasedmethod through the
application of FME. The PAU of Maastir consists of several CAD files (DWG formi) tivematically
different contens e.g. urban fabric,nfrastructure, tourism, archeological etevhich have to be
aggregated in a standardized geodatabase. The following convestgipsare performed(Figurel2,
Figurel3):

- Provision of a GIS template gedalaase 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

- ldentification of duplicate layers in CAD data and deletion to clean unnecessaotoinj
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 systernsed in the DW@iles was determinedas coordinate system Carthagdbrd
TunisiaEPS&2391) The final coordinate system is defined as EB3&32/ UTM32N, WGS84.

Several dat@leaning steps were performed:

Duplicates from objects, which are presented in two or more layers were eliminated.
Main geometric correction (e.g. arcs to linegjne features were decomposed into their
component segments and, in case of beargs thatis typical for CAD data, converted to
proper lines.

SelfClosing Lines from e.g. walls, hedges and embankments witdysconverted to correct
lines

Building courtyards were clipped from building areas.

Building lines using neighboring building edges to form other buitdiareas or courtyards,
were transferred to a separate building line feature class to avoicblitisdormation but need
to be reviewed otherwise and modified to building areas.

Cleaning tasks like resolvingutiiparts, null geometries, incorrect geometries etc.
Conversion from 3[datato 2D data

Creation of the attributes "Layer", "Responsibility" dariArea" via attribute values of
"autocad_layer" (e.g. attribute "Layer" corresponds to tliEeatureClags of the file
geodatabase) to transfer as much information as possible

15 FMEC Solution for Complex Integraticend Cata Conversion- www.safe.com

22


http://www.safe.com/

UDRASR Urban Disaster Resilienc

through Risk Assessment and Sustainable Planr
ECHO/SUB/2016/740186/PREV!

Date31. October 2018

UNIVERSITY

m UNU-EHS

Institute for Environment
and Human Security

D1.1¢ Technical Documentatio

- CAD data usually organizes text attributes asOdof f SR &I yy 2 (omfiléteyy 4 ¢ & ¢
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.

- INBFGA2Y 2F Iy AYOGSNARY aCSI (dzNB/ {elg.dbaildingT 2 NJ 02
boundary linesjor subsequently review of these data check if useable or not.

- CAD layers without any useful informationemen duplicatéhas been disregarded (e.g. legend
frames or other laye(e.g.00 Périmetre d'étudess-.dwg)

- AlICAD data havkeen reprojected to the final georeferencedhta

O u UNITED NATIONS
N

Satellite Imageand PAU PAU¢ CAD

Figurel2: Comparison Satellite Imag®AUq GIS

The data transfer from the PAU to the GIS was carried out with theediehe FME softwarelhe FME
Workspace reads DWfBes and converts thecontainedobjects into a file geodatabas@herefore
FMEtransfers every single input data set according to predefined rules. In addition, initial data checks
can already be perfoned to improve data qualitas already describege.g. deletion of duplicates,
interaction of similar objects in a common data layer, etc.).

a!ane anributes from -am.uap-
ier o nh_m: bygecmeny

/ Pp——

I

Figurel3: FME workbench for datzonversiorand transfer to a Gl8atabase
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Transfer tothe UDRASP GIS geodatabase

After a thorough review and quality assurance of fhevided PAU data, all remaining data were
transferred to atemplate geodatabase, based on the UDRA&RA model with definitios of feature
classesattributes and domain vaesaccording to theneeds ofthe UDRASBroject (see3.3).

Then all available datavere subsequently updated and completéar further processing in the
project. Main objectives of the data updateere:

- Generation of a compte urban layer whih means a 100% land cover and laisé coverage,
consideringhe Urban Atlas methodology and guidelines for mapping.

- Correction or modification of existing featuresgardingtheir assignment to feature classes
(e.g. green zones, naturabnes, 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. buildingsansport systems coastlineetc.) 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 PAUNVhile the PAU is mapped at a local leteeh scale of 1:500 to 1:5000, an overview
scale must belefinedfor the risk assessmenthis requires a geometric transfer of objects from a very
detailedto a generalized scalelowever, 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 datdhatis ready to be used for
later risk analyse and urban planningrocessesThus, he originally relevant development plan is
integrated into the GIg-igureld).

3 UDRASP_2018.gdb

# [P Additional

+ C:_}]J Administration

+ ?ﬂ Risk_Assessment

% [ Terrain

=) P Urban
A_110_UrbanFabric
A_120_IndComPubPriv
A_122_Transportation
E) A_130_OpenSpaces
A_140_UrbanGreen
A_150_Buildings
A_200_Agriculture
&) A_300_Natural
[E) A_400_Wetlands
A_500_Water
A_900_Miscelleaneous
E) AOI_Topo
=) L_120_IndComPubPriv
= L_122_Transportation
=) L_500_Water
) LAF
"3) P_120_IndComPubPriv
") P_S500_Water

Figurel4: Data structure after conversion and review
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3.2.2 Auxiliary input datandsociceconomic data

In addition to the tranfer and update of the PAU data,variety of additional socioeconomic and
administrationaldata was collected and integrated into the agatabase to support the vulnerability
and risk assessmena list of the included data is provided in Anriexn the llowing paragraphs,
further informationaboutselected data and their preparationpsesented.

The municipality hasupplieddata thatprovide information about administrative boundaries within
the region.The dita include the city limits of the municilily and boundaries of theectors, district
andgovernorate. Thesadditional datahave been validated and created as separate datasetthat
they canbeincluded into the projecgeodatabase.

Additionally,data about the natural landscape in the regiare included into the database. Examples
of the data include climate, geology, groundwater, deep groundwataterghedsand land cover

Censuslata were provided by INS and then modifetordingl 2 G KS LINR2SO0G Qa NBIj dzA
to generate corprehensive information, that covers the entire area of the municipality the delivered

censis parcels were transformedsigure 15 visualizesthat the census parcels have no distinct
boundaries between each other. In order to gerterboundaries thattan be used for subsequent

analyses, it was necessary to transform them into distinct ang@iss] that cover 100% of tharea of

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

Census Parcels

3 Units

Figurel5: Units, derived by adaptation &ensu$arcels

Thecensus unitsvere thenused for the sukrity scalaisk assessmenDue to the lack of census

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

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\&utherability and risk
assessrant (current conditions)
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Furthermore,data layershave been produced bmodelling and automated image anadys such as
the results of thelash flood modelling, retrospectivanalysis of urban development coastal erosion
analysigsee Deliverables 2.1 Urban Development, D3.3 Coastal ErosiofIBdd3simulation).

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 artificid structures is a&omplex issue, for the overlaptersection between land cover and
land use classes is exceedingly present haslsignificant effect ormost downstream modelling
processes considering land cover as physical situation and land use éxicaith e.g. population
distribution andmovement, as well as functional elements affecting the surrounding environment and
citizens. Both issuescover and use& need to be considered and servagpropriately,when dealing
with downstream modelling, sticas urban development, effects of natural hazards, artificially caused
risks and many other topics.

In the context of Monastiavailable CAD and GIS data from different soureee considered and
convertedinto an upto date joint GIS dataset.o gain auitable result when combing data taken from
different sourcesit is of utmost importance to define an appropriate feature catalogue prior to
production. A feature catalogue is adtalogue containing definitions and descriptions of the feature
types, fedure attributes, and feature associations, occurring in one or more sets of geographic data

[..].11

TheEuropean Urban Atlaé feature catalogudrevised version 4,Feleased®201610-28)served as an
adequate baseThe Urban Atlas nomenclatuhas been drived out of many datasets and has been
implemented in 2008. Thisomenclature for the mapping of urbaeas and their surroundings offers
a level ofdetail that is suitable for theUDRASRroject Furthemore, the use of this common
nomenclature gr Clase 1- Surfaces artificielles de I'ensemble de données UDRAIBR a product
comparability to other urban products and data sets based on Urban AHaseral rules and
guidelines are listed ifiable3. Neverthelessin applyingEuropeanUrban Atlamnomenclatureto the
urban data set of Monastir some modification to the available data was required.

This modificationoriginated firstly in the availability ofmore detailed andwide range of E#h
Observation imagerysecondlyin the user requirementsind last but not least in thearying sources
of the input data

161S0O 1910 Geographic information Methodology for feature cataloguing
17 http://land.copernicus.eu/useicorner/technicallibrary/urban-atlas2012mappingguidenew
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3.3.2 General rules and guidelines

<[> UNITED NATIONS
O PI %
‘S

The guidelines of the Urban Atlas were adapted according to the requirements of the UQRASP
project. InTable3 the Urban Atlas guidelines are compared with the guidelines as defined for the
project in Monastir.

Table3: Comparison of gidelines of Urban Atlas vs. BBSP

Rules and guidelines Urban Atlas

Scale 1:10.000 1:5.000
Satelite imagery Spatial Resolution Sm Spatial Resolution 6.3m
Minimum  Mapping  Unit| / £ | & @.25ha'= 2)506n? Class 1: 0.04 ha = 46® (exc. traffic islands)
(MMU)
Class 2 Y1 hg = 10,000n2 Class 5: 0.15 ha = 1.50Mm2
Minimum Mapping Width
(MMW) %10m x5m
Geometry Type Area geometry only Area geometnfor urban coverage

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

Additional data source Navigation data or OSM for rogt £ Iy 5Q! YSy Il 3SYSyid !
network; Monastir (PAU);

Topographic maps for interpretation ¢ SHPFile ©ntaining the locations of criticg
objects; infrastructure

EU Imperviousness layer for seali

density
Thematic Accuracy [ tlFaa mY x ypiz /flFaa mY x yp:z
Classd Y X y &z Classd Y X y &z
h@SNI tEY x ymEs h@SNI £ EY x yms
Positional Accuracy <+/-5m <+/-5m (exc. Buildings)
Mapping scale on screen 1:5,000 1:1,500

* Buildings asaken from PAU were not corrected regard their position with respect to the satellite imagery

The PAU data are availalsiea 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 comsider t
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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 far risk assessment ithe urban are of Monastjrthe
internationally accepted standardEUropearirban Atla' was selected as a guidedimnd 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
EuropearUrban AtlasStandardonly considers areas as geometry type "polygon”, it has been extended

08 GKS 3IS2YSONER GeLlSa a[AySé IyR at2Ayildéd C2NJ
defined. Further information is given &13.

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 classeANNEX provides a full gerview of the data modelf not specified otherwise,

the following classes are mapped as area geometir&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 geodatihat were provided by th local urban develapent plana
mapping process was necessarfie 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 théatéa. plan
was created in 2013, a comparison withetcurrent status of the city was required to ensure the
creation of an ugo-date databaseCurrent satellite image&was used in the course of theapping
processt®

The transfer of the PAU into the UDRASP database required an adaption of the scalthdrom
communal level of the PAU (1:1.000) to the requirements ofitogect, whichwere defined at a larger
scale (1:5.000% Thesedifferences irthe mapping scale between the PAU and the UDRASP dafabase
required a generalization of the information, prded by the PAU.

To generate a reliable database, that can consequently also be used for spatial gialysegcial to
create a databasehat fully coves the entire area of the city. The majority of the transferred data was
kept unaltered.If necesary, 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 dinlgsdene class for

18See3.1

19 Eurther details on the workflow can be found inthe Fiénc LINB a Sy G G A2y a{+AaA8 RSa R2yysS$
in the course of the GIS Training in July 2018.

20See3.3.2

21See3.3.2
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natural areasSeverakxistingfeatureswere alsomodified or erasedChanges 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 nvegfal results regarding theeliability
of the data. The quality control process determines the quality of the data, but also significantly
influences the quality of the subsequent analy&es.

In the course of the quality control, the maidata quality elenents Completeness, Positional Accuracy,
Thematic Accuracy, and Logical Consistemese considered in order to ensure a standardized and
homogeneous database.

The process is divided into the technical and the visuallity control. In the course of thieechnical
quality control, the captured features are revieweddaytomated checks and routinegisual Quality
Control is aimed at detecting errors, by screening data in its spatial, thematic, or geometrical context.
This visual approach supplements cortseand tools of technical quality checks in an efficient manner.

Table4 illustrates thegeneralquality control checks that we conducted to ensure a high quality of
the generated data.

Table4: Generahuality control cheks as DataReviewer Rf#l@ DGEcho_General_Checks.rbj

Check Name Description

Cutback  Line and Area Feature Classes

1 Minimum Angle size: 10°
Dangles 1 Line Feature Classes

1 Dangle Tolerances10m
Domain 9 Point, Line and Area Feature Glas
Duplicate geometries Point andLine Feature Classes
Duplicate vertex 1 Line and Area Feature Classes

§ Tolerance: 0.5n
Invalid geometries  Point, Line and Area Feature Classes
Multipart geometries 1 Line and Area Feature Classes
Nortlinear segments 1 Lineand Area Feature Classes
Selfclosing lines  Line Feature Classes

22 The process of the quality assurance is furthermore desdrini K S CNBy OK  LINBuwicS delalquiaft@dés a [ QF a &
R2yysSSa¢ GKIG sla KSER Ay (GKS O02dz2NAS 2F (GKS DL{ ¢NIAYAYy3d A\
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Check Name

Description

Polygon Sliver 1 Area Feature Classes

Thinness Ratio: 0.5

1 Maximum Polygon Area: 25m2 A_150_Building, 100 m? all other
Subtype check 1 Point, Line and Area Feature Classes

In Table5 the quality checks concerning the geometries of the data are summarized.

Table5: Geometric quality control checis DataReviewer Riile DGEcho_Geometry Checks.rbj

Check Name

Description

Buildings A_150_Buildigs should not overlap:
1 L_122_Transportion
1 A_122 Transportation
1 L_120_IndComPubPriv with FCSubtype: Wall, Fence, Seawall, Embankme
Embankments 1 L_120_IndComPubPriv. and A_120_IndComPubPriv, both with FCS
Embankment
 Embankment Line Features are radbbwed to cross Embankment Area Featur
Polygon Overlaps 1 Area Feature Classes
1  Exception: Bridge/Tunnel
Transport 1 L_122 Transportion are not allowed to intersect A_122 Transportion
FCSubtype = Railways and associated land
FCSubtype = Associated doabjects
FCSubtype = Fast transit roads and associated land
FCSubtype = Other road and associated land
1 L_122_Transportion are not allowed to intersect L_120_IndComPubPriv wit
FCSubtype = Wall
FCSubtype = Fence
FCSubtype = Sea wall
FCSubtype = Embankment
Unnecessary boundaries 1 Area Feature Classes
1 Exception: A_150_Buildings
1 Exception: L_120_IndComPubPriv with FCSubtyfepply networks
Unnecessary nodes 1 Line Feature Classes
1 Exception: L_120_IndComPubPriv with FCSubtyfapply networks
Gaps 1 Area Feture Classes of Urban Dataset
Line Overlaps 1  Overlapping of Wall/Fence/ embankment/ Seawall

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

A_120_IndComPubPrivand A_150_Buildings
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Table6 describes the quality clois regarding the attributes of the geodata.

Table6: Attribute quality control checkas DataReviewer Rile DGEcho_Attribute Checks.rbj

Check Name

UA Code

Parameter

According to Urban Atlas Standard

Description

Point, Line and\rea Feature Classes

Attribute Checks

According to data model

Mandatory fields shall filled in completely.

Area sizes

According to UDRASP rules

SeeTable3

3.3.6 Metadata

Metadata summarizénformation on data sours, extraction and restrictions of the provided data
sets, as well as about other topics related to those data Setey aremandatory for a consistent
documentation, transfer, antbng-term storage of dataThey arealso an essential component for the
generation of a quality management system inside the geo information cornifetkie spatial data are
updated, metadata information must also be updated in order to ensure a proper documentation of
any modificationlt is recommended that the metadata afelly compliant to international standards

such as INSPIRENd IS&'.

3.3.6.1 Overview of Metadata Standards

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

ensured.

INSPIRE

1 defines mandatory and optional metadata elents, sections and entities required for the

description of geographical data and services,
91 provides a standardized metadata structure, sets of definitions and extensions,

ISO 1911% Geospatial informationg Metadata

1 defines mandatory and optional metadatlements, sections and entities required for the

description of geographical data and services,
1 provides a standardized metadata structure, sets of definitions and extensions,

BaLb{tLw9

aSGFRFGF LYLX SYSyldAy3a wdz Say

http://inspire.ec.europa.eu/documents/Metadata/MD_IR_and 1SO_20131029.pdf

241S0O 19118:2014 Geographic information Metadata

¢ SOKYA O ¢
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1 defines relations and dependencies between metadata elements and classeghhaduiME>-
based, structured model,

9 applicable to the cataloguing of (geographic) datasets and the full description of datasets or
features.

A complete technical description of thRSPIRE Metadata Implementations Rabas be downloaded

from the INSPIRE Rument Librarsf. An INSPIRE Geoporalprovides 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 selectedelatar downbad services

3.3.6.2 Metadata of the UBRASP dataset

For the UDRASP datasanetadata ongeodatabase andlataset level are provided, compliant to
INSPIRE and not in conflict with ISO 1911DRASPmetadata are also provided as
UDRASP_Template.mxd.xité and partof the D5.1.GIS Implementation Deliverabl&hefile was
created using thénspire Geoportal Metadata EditSr

A considerable amount of data has been provided by various stakeholders (e.g. administrative units,
additional data such as geology, urbanasgcatchment areas, land cover, etc.). In these cases, no
further metadata or necessary information on completeness, timeliness, data quality, time, stop

could be provided.

25 Unified Modelling Language (UML) is a graphical miodelanguage for the specification, construction and
documentation of software parts and other systems.

28 hitp://eur -lex.europa.eu/legatontent/EN/TXT/PDF/?wCELEX:32008R1205&from+EN
https://inspire.ec.europa.eu/documents/inspirmetadataimplementingrulestechnicatguidelinesbaseden-
iso-19115and-en-iso-1

27 http://inspire-geoportal.ec.europa.eu/

28 http://inspire-geoportal.ec.europa.eu/editor/
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4 Stagdl ¢Risk Assessmeahd Future Scenarios

This workstagefocuses o risk assessmelfEigurel6). The first GIS database provides all geographical
data to support modelling and further processing. The risk assessmehaiacterizedoy iterative
processing: Identification antbcalizationof hazard prone area, 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 comprehensiviinal geodatabase.

Stage Il Legend

Risk Assessment and Input data m Final Products

Future Scenarios

Processing and analysis

Analysis,
Processing,
Documentation

Drivers of Risk/
Vulnerability

Evaluation
Scenarios

Exposure
Hazard Prone Areas {current/ future)

(Flash Flood, Coastal =
1

Risk
(current/ future
Erosion) Vulnerability scenarios)

(current/ future)

GIS Datasets (final)
Urban
Additional
GIS (Stage ) At:?;;r:sFtlrca}a;;m
Coastal Erosion
RISK*

Reports
Data
Maps

Statistics

Raster

Figurel6: UDRASPStage? ¢ Processing and analysiRisk assessement and GIS Update

The processing and analysis activities are mainly done within the work packages and desc¢hibed in
following chapters.

- Retrospective analysis
- Multi-hazard risk assessment
- Future risk scenarios
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4.1 Retrospective analysis

g g UNITED NATIONS

A multitemporal analysis of the past urban development in the city of Monastir was conducted to gain
insight intopast processes irhe urban region. Furthermore, the analysis serves amfammation

base for the modelling of future scenariosncerning urban growth ithe Monastir region, whichs
elaborated in chapte4.2.3

4.1.1 Urban development based onimtline study

The multitemporal 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 regiorrépeet
for Deliverable 4.2).

Changes in thenvionment (artificial and naturalovertime are highly connected tachanges in
infrastructure as these changes influengmtential expansion activities of the local population,
industry, etc.Figurel7 shows the area considered WWih the timeline analysis since 1975 (rose AOIl)

in comparison to the administrative area of Monastir (black AOI). Along and outfidbe
administrative boundary main connecting roads and emerging urban agglomerations are visible, which
have significantrifluence on the city of Monastir, encircling the lattike a belt towards the south.

.
"}. g

I

Figurel7: AOIMonastiradministration (black), AOI considered for timeline preparatiossd],
artificial LULC structures (red)

Therefore, he region haseen extended for about 2km, including Sahline,jddleAissa, Bemble/
Manarah, as well as Khniss (west to east). Towards the West no adaptatizamade aghe natural
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boundary is defined by a broagater course Qued Hamdoupsearating theregion from Sousse and
covering an overall area of almost 120 km? (without water).

4.1.1.1 Land uselandcover timeline

An initial approach for the land use/ lardver (LULC) analysis focusedcreating a change database
over the last 15 to 20 years asainput for modelling future developments. However, a more detailed
investgation in the available data archiyeovidedthe opportunity to further widen the data range
backwards in time. Considering a longer period of historic letds to a more reliable atel, because
changes become more obvioirsthe mapping process and statistical analyses.

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

last 40 years (sefeigurel8, upper imeline). 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 regidrigse€el8, lower timeline).

Landsat data analysis in
(stage 1)

4{\89
planned densification 4970-80 198: 1990 1995/96 2002 (2008) 2014
image error
Landsat data analysis in 1975 1981 .84 .86 1990 ..92 1999 2002 .05 ..08 .11 .14 2017 )2030
(stage 2) I I I I ! I I I I I I I I I
1970 1980 1990 2000 2010 2020

Figurel8: Timeline ofnitial Landsat data analysis and after densification

Table7 lists all data sets considered in tlanalysis.tlhas to be stated, that du to technical and
technological developmestthe spatial resolution of the EO data increasa®r 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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Table7: EO data used for timeline mapping

Year Sensor (spatial re¥. 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)  LEO7_L1TP_191035 20080315 20161230 D1_T
2005 Aster (30m/15m) AST_L1T_00305102005101204_20150509103024_57179
2002 Landsat 7 (30m/15m)  LEO7_L1TP_191035 20020907 20170128 01 _T1
1999 Landsat 7 (30m/15m)  LEO7_L1TP_191035 19990814 20170217 01 _T1
1992 Landsat TM4 (30m)  LTO04 L1TP_191035 1992052120124 01 _T1
1990 Landsat TM5 (30m)  LTO5_L1TP_191035 19901117 20170129 01 _T1
1986 Landsat TM5 (30m)  LTO5_L1TP_ 191035 19860207 20170218 01 _T1
1984 Landsat MSS (60m) LM51910351984193AAA03
1981 Landsat MSS (60m) LM32050351981157AAA03
1975 Landsat MSS (6n) LM22050351975180AAA06

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

4.1.1.2 Urban Atlasiomenclature

Classification was performed following the European standard of CERAN&E Urban Atla¥,
differentiating between a wider range of housing classessideringheir density and compactness
as well as land use classes (e.g. indailsaind commercial). This is significant for the timeline simulation
asit allows a more detailed estimation dfie population distribution within the classes. It further
ensuresa comparability with the data gained via the-tggdate mapping of Monastir (see chapt@&Bg).

I Continuous urban fabric []Arable land (annual crops) — Fast transit road axis
[ Discontinuous medium density urban fabric [ Land without current use — Other road axis
[] Discontinuous low density urban fabric [] Mineral extraction and dump sites == Railway
[7] Green urban areas [ 1 Open spaces with little or no vegetation s irer
[ ] Industrial [ River ’
[] Airports [] Coastal wetlands
[ Sea

Figurel9: Classes applied for timelia@alysis1975¢ 2017

Figurel9gives an overview on theppliedclassedor the timeline analysisf the period between 1975
and 2017. Following Urban Atlas, land cover featum@.25ha were mapped separately, if visible in
the imagery. Natural and sematural classes, such as open spaces, agriculturakavester and

2 https://www.eea.europa.eu/publications/CORfart2
30 http://land.copernicus.eu/usercorner/technicallibrary/urbanatlas2012mappingguidenew
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wetland were mapped starting from 1lha. Linear structuragzhsas main connecting roadgere
mappedif they were visibleon the image and wereonsidered relevantegarding the infrastructural
network. Later the infrastructure wasuffered (roads 20m or 15m; railroad 10m) and included in the
areal LULC dataset.

4.1.1.3 Classification

The mapping technology refers to thetdaet of highest temporal relevance and spatial resolution
(master layer), which is the Land$atlataset of 2017. Alongside to this dataset, Wditlv3 imagery

was available and used as reference dataset for initial classification of the region. Heamia
automatic technology, using objebaised image analysis was applied, interpreting spectral and textual
characteristics of the data.

LANDSAT 2017 (interpretation base) reviewed Classification

— |nfrastructure (polylines)
a ) s

basic &
Classifications". -
o T

Urban Atlas 2017

WORLDVIEW 2017 (reference) (lines and polygons)
N ¥ &y

v AT

Figure20: Warkflow of image analysis

Figure20 gives an overvievef the interconnectivity of the different processing steps, resulting in a
polyline and polygon layer representing linear infrastructure and LULC.

Based on this upo-date classification result backdating is applied following a standardized strategy.
Backating towards the next data set in time considering the appropriate satellite imdgeyre21):

1 Copy and review dinear infrastructure network
9 Preparation of buffering fofinal merge with LULC data set
1 Copy and review of LIGL

Due to decrease in spatial resolutidnoking back in time), basic assumptidral to bemade:

1 Change inmportance of roads is likely

9 Artificial structures are unlikely to be removedgthin time
1 Expanding of urban agglomeratioissunlikely

1 Change of dnsty classes towards sparse is likely
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1 Change between housing and industrial is unlikely
1 Opposite change wiih the wetland basin are likely
9 Coastal modification is likely

Within the backdating process itself, reclassification was performed followingtansgtic review
strategy. In case of limited visibility (due to spatial resolution and/or potential seasonal effects), EO
data of the following timeline wereonsulted.

= LANDSAT2017 LANDSAT 2014

Bl LANDSAT 1975

(1))

2011
2008 [} backdatlng |nfrastructure 1975 &\ ?
2005 = main assumption: ?

delete, reduce importance
2002 and/ or move

(2) bac g Urban Atlas 2014 1986 . == (2) backdating Urban Atlas 1975
main assumphon 1984 main assumption:
reduce extent of artificial classes, 1981 & reduce extent of artificial classes,
reduce urban density, ¢ reduce urban density,
change natural classes

2 change natural classes

Figure21: Workflow of backdating process

Finally, a rangefdl3 LULC timestamps were prepared as single files as well as aggregated to one data
layer combining information of all yearssady for statistical analysiswith respect to the
inhomogeneous spatial resolutipapectral qualityand small extent of the aseunder investigation,

the backdating process was performed seaatomatically
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I Continuous urban fabric = industrial [ Mineral extraction and dump sites
7 Discontinuous medium density urban fabric B Airports [ Open spaces with little or no vegetation
[7) Discontinuous low density urban fabric [ Arable land (annual crops) [ Coastal wetlands

7] Green urban areas [ Land without current use Sea

Figure22: Result of Urbanthas Classificatiorof 1975, 1999, 2011 and 2017

Figure22 shows exemplar results of selectegears. The increasing extend of urban structures is
clearly visible. Overall statistics shawtrend of arable landtransforming intoartificial structures
(Figure23).
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Figure23: Class statistics of gater Monastir region within entire time range 1972017

4.1.1.4 Validation concept
Two suitablesystematic quantitative validation concepts (followis 2859) have been considered

Thepolygonbased approachconsidering a (stratified) randomly selectedmber of classified poly
gonsis dependent onthe number of polygons available within the initial total sampling unit (all
objects).Table8 shows the number suitable for the appropriate years within greater Monastir
region. It becomes apparenthat the number of objects doubles within time and makes the results
hard to compare. On the other hand, qualitag and quantitative checks apgoblematic f the extent

of the individualbbjects shows such a wide range.

Table8: Number of classification objects and suitable sampling unit
1975 1981 1986 ‘ 1992 1999 2005 2011 2017 ‘

number of djects 234 304 328 380 444 499 540 562
stratified samples?! 65 77 83 88 93 103 118 118

Alternativdy, avalidation technige followingthe location based random selectigGRID)is able to
compensate this challenging aspect, especially present over areas with limited extend and hetero
geneous class distributiofrigure24 explains theapplied approals in more detail.

311SO 2854
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& . i on multitemp. logic)
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Tl ‘ B 1o data (error lines)
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Figure24: Location based validation concept

Based on a regular GRID (300xB08 10x1(ixel in medium resolution), stratified random selectio
has been applied, representing all existing classes followingjr tiportion within the checked
classification resuliThe area was therefore split infico77sections, where minimum of 125 samples
had to be checked.

In the course othe true random approachlifferent areashave beerchosen for each yeaf his results

in amore stablevalidation resulthan by using the same selion repeatedlyTable9). Validation has
been performed on the data used for classification an independent interpreter. Even though
validation conceptequiresthe applicationof independent data this was not possible for the time
range and theréore notused The main objectivevas to check, if the spectral and textual signature
visible by a different interpreteresultedin a similar classification response (neetemporal justice).
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Table9: Validation results

1975 1981 1984 1986 1990 1992 199¢ 2002 2005 200€ 2011 2014 201%

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
limitation3? 27 1

Result 96.0 952 97.6 96.0 976 97.6 944 984 96.0 96.8 100 984 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 idetified missclassifications havbeen reviewed and corrected within the
multi-temporal context.

4.1.2 Results

Linear infrastructure and water netwask(polylines) as well ddrban Atla LULC features (polygon)
havebeen provided as singlaggregated datasets (Geodatabase), ready for statistical and gl
analysegFigure25).

OBJECTID  UA1975 uA1981 uAa1983 UA1986 vA1990 vA1992 ua1999 UAz002 UA2005 UA2008 uA2011 uA2014 uA2017 Area Area [ha]
1 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 316511829 316.51
2 1122 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 14.15
3 2100 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 25.04
4 1122 1122 1122 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 12.66
5 1123 1122 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 a&n
6 2100 1122 1122 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 591
7 2100 2100 1122 1110 1110 1110 1110 1110 1110 1110 1110 1110 1110 4.67
8 1122 1122 1122 1122 1110 1110 1110 1110 1110 1110 1110 1110 1110 1.96
] 2100 1122 1122 1122 1110 1110 1110 1110 1110 1110 1110 1110 1110 9.65

10 2100 2100 1122 1122 1122 1110 1110 1110 1110 1110 1110 1110 1110 372
11 2100 2100 2100 2100 1110 1110 1110 1110 1110 1110 1110 1110 1110 14855.22 140

Figure25: Joint database of all classification years

They serve as input for modelling of future urbaevdlopment within theregion, which is described
in detail in the report for Deliverable 4.2.

2 due to data quality
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4.2 Multi-hazard risk assessment

A multrhazard risk assessment was conducted on acstylscale in the municipality of Monastir
focusing on current conditions. fAcus 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 weresgrated 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 identifidte 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 coastf N2 a A2y OlFy 06S F2dzyR Ay (GKS NBLRNIA
a2RStftAY3 Ay a2yladANET a/2Fad0GFf 9NRPAAZ2Y AYy az2yl

4.2.2.1 Flash Flood

To simulate urban flood events, precipitation values of extreme events in 1982, 2016 and an
extrapolated 106year ranfall event (see alsd.3.1) were combined with a DTM of Monastir. Three
scenarios were modelled to simulate the runoff pathways using the modelling suite MIKE*ELFo®D

the analysidathymetry, surface roughness, infiltrati 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 calculatdd.Figure26 the modelled results for the HQ2016
scenario are presented.

33 MIKE FLOOBModelling SoftwareMIKE21(source: DHt Wasy)
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Figure26: Modelled maximum water depth and maximum flow velocity for HQ2016

In a next step, the results of the maximum flow véies and maximum water depths were combined
with a debris factor to calculate the flash flood hazard for MonastiFiture27 the classified flash
flood hazard for the three scenarios fsesented forthe area around the medinaf Monastir.

Haz016 MF

.‘.

e L
| [ Moderate (0.75 - 1.5) %
# M Significant (1.6-2.5)
L- Extreme (»2.5)

Following the hazard analyses, the flash flood exposure for the city of Monastir was calculated. A focus
was set on identifying the exposed urban resitdal areas, transport areas and the affected
population. The results were provided fali of the 78 admiistrational units of Monastir.

44



Ps /"\ UNITED NATIONS UD-RASR Urban Disaster Resilienc
N

m UNIVERSITY through Risk Assessment and Sustainable Planr
UNU-EHS

ECHO/SUB/2016/740186/PREV!
;r:.ls;imf“f:': :::Ii’r:t;ment Date31. October 2018

For each unit the total population was distributed among the building blocks. The distribution of the
population was wighted according to the population density as defined by the Urban Atlas‘dasis
depending on thesize of the affected building blockn Figure28 the calculated exposure for Unit 61

is illustrated.

Unit 61

Unit 61 Value Percentage
Unit area 126626.12 m? 100.00%
Urban Fabric 64947.03 m* 51.29%

ALY Transport Area 27266.5 m* 21.53%
Other Land Use 34412.59 m? 27.18%
Total Population 1849

H55% Exposure Value
Exposed Urban Fabric 20562.89 m* 31.66%
Exposed Transport Area 13308.65 m* A8.81%
Exposed Population 189 26.45%

m Urban Fabric in Unit Transport Area in Unit = Other

Figure28: Exposure of Urban Fabric and Transport Area in Unit 61

Figure29 visualizes the results of the exposure calculation for the residential urban arehshe
transport areasn Unit 61.

34See3.3.3
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Unit 61
[IUnit

Building footprints

Urban Fabric Subtype
I Continuous urban fabric

[ Discontinuous dense urban fabric
[ Discontinuous medium density urban fabric
[1Discontinuous low density urban fabric
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Hazard Class Total exposed population
[ |Moderate (0.75 - 1.5) (absolute number per building block)
[ Significant (1.6 - 2.5) []0-11

M Extreme (>2.5) 0312-36
Exposed Transport Areas [ 37-85
W 86- 184

[ 1 Moderate (0.75 - 1.5)
[ Significant (1.6 - 2.3)
B Extreme (>2.5)

I 185- 623

[ ] Discontinuous Very Low Density Urban Fabric

Figure29: Exposed Urban Fabric in Unit 61
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4.2.2.2 Coastal Erosion

In Figure30, the workflow of the hazard analysis is depict&atellite imagery was combined with a
DSM and modelled flow velocities during flash flood events @¥¢@ analyze coastal erosion hazard.

Coastal Erosion

Hazard

Figure30: WorkflowCoastal Erosionlazard Analysis

The workflow for the exposuranalysis for coastal erosionilgistrated inFigure31. Thelanduse
within the hazard area was defined and categorized into five clasbesclassificatio was created in
referenceto the previouslyconducted &nd use mappiné® Each LUC Polygon waassified according
to its status of development. The exqare of eah coastal segment wasxamined and described
considering the terrain conditions, LkTasses and the development status.

Figure31: Workflow Coastal Erosion Exposure Analysis

Figure32 depicts the resus 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

%See report for Deliverable D24 / 2 a4 f 9NRBAAZ2Y Ay a2yl a0ANE
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