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1. Introduction

Urban disaster risk isgrowing problem driven by two megatrends of giblshange: urbanization and
the increasing frequency and intensity of climatdated extreme events. Coastal cities are
additionally confronted with sea level rise, land subsidence and coastal erosionir@omiath high
levels of societal vulnerability, these trends increase disaster risk and associated losdarfdidiad
economic damage. Turgsfaces major risks among the Europesmighbourhood countries, given its
rapid population growth and almos086 of its urban areas concentrated along the Mediterranean Sea.

'3 Ayad GKA&a oF Ol 3INBdzyRE (KS ¢dzyAdaAly GaAyAaidsNE
Rdz ¢SNNRG2ANBE LI lya (G2 RSOSE2LI | yI (AtBghsebs dzZND | Y
the impact of these hazards and reduce their effects. Its implementation, however, faces several major
challenges including the lack of relevant geospatial data for urban risk analyses as well as an insufficient
understanding of the underlyingriders, current hotspots and possible future scenarios of urban

disaster riskTo support this process, the LRASP project uses the city of Monastir as a pilot case,
representative of Tunisian coastal urban areas faced with similar environmental hazards.

Coastal zoneare located on the interface Ibeeen land and sea and ahgghly dynamic and complex
natural systers. Any change in the properties of land or sea leads to a significant physical and socio
economic impact.Coastal areas amender constant sess from lanebased sources like river flooding,

or seabased soures like waves and storm surges. The resulting erosion of the cdastgbbal
phenomenon that is driveby various processes and environmental factors that act together in the
morphologi@lly dynamic coastal environmenthe main naturatrivers are sea level rise, storms,
winds, near shore currents as well as the beach face. Furthermoesstal erosion is influenced by
anthropogenic drives such agoastal engineering, dredgingver regulations and dam®ue to the
impactsof climate change, with Sea\a Rise (SLR) as a key factoastal erosion has accelerated
and is now a major challenge favastal areas around the world.

As a step towards the assessment of risk for the cityafidétirthis report focuses on the past, current
and future situation of coastal erosion in the regi@tientific as well as grey literatuis reviewed to
gain understanding of the local processAs.analysis of the major influencing factors of the dahs
erosionriskis conducted.During the wholegrocessstakeholders are consulted to benefit from local
expert knowledge and ensure an-tp-date account of the current situatiofinally, an outlook into
future developments and challenges in the studgaais given.

2. Coastal Erosion

In this chapter, the underlying processes and influencing factofscoastal erosiorare explained.
Furthermore, climate change is introduced as a driving factor of the acceleration of coastal erosion on
many coastsln a furher stepthe phenomenon is examineid its role asanatural hazardFinally, the
general situation of coastal erosion in Northern Africa is presented, using Tunisia and Morocco as an
example.

1 Ozyurt and Ergi(2009)
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2.1 Processeandinfluencingfactors

Under equilibrium conditionsa very delicate balance exists between the processes that erode the
beach by carrying away material, and the ones that move material to the shore during the process of
accretion.This processs driven by surface waves amttermines the shape of the st The shore
profile is generally determined by a certain level of wave activity, localpgpiy and sediment grain

size?

Erosion occurs whenever there is no balance between the transport of material away from the
shoreline and deposition of new matationto the shorelineThe erosion and accretion of coastal

landforms is natural process that undergoes periodic cycles on timescales ranging from days to years.

tAda RSFTAYSR d GXGKS LIKeaAOlIf NBYHR@hdshRdeEingddSRAYSY
a4 aXGKS t2aa 2F O2raidlf flFryRa RdzS G2 GKS ySi N
During the process of erosion, a coastal zone loses itsaetribl land part, like beaches, dunes, bluffs

or cliffs.The removal of material driven by the action of waves and currents, mass wasting processes

on slopes as well as subsiderice.

All types of coasts are affected by coastal erosion, howeveptineary erosion mechanism depesd

on the geomorphology of the coaéBeaches are erodedhen waves or currents remove material

from the shore. As a consequentke beach becomes narrower and lower in elevati®he eroded
material is then carried offshore and deposited in large sandbars. Over the course of time, the
sediment is transported lik to the shore by the wave®©n coastal headlands erosion leads to
undercutting of cliffs and steep slopes. The process furthermore contributes to mass wasting processes
with the development of cracks arslibsequent rockfallsHeavy rainfall events can leance the soil
saturation and lead to a reduction in shear strength of the soil whichsléad higher susceptibility to

slope failure?

Apart fromcoastal geomorphologythe sea level is an important tac influencing coastal erosioft.

varies on timecales that range from hours to centuries and on spatial scales from less than 1km to
global. The height changes vary from a few millimetres to more than a meter. Seadeaetgin
reaction tofluctuations inwater temperature or transfer of water betves oceans and continents and

ice sheets. It also varies during the redistribution of water during the tides and changes in thecoceani
and atmospheric circulation.

Another factor are wather events like stormthat can lead to a sediment transport off treast
Coastal storms, stormsurges, flooding and tsunamis lead to much higher water levels and an increased
intensity of waves and currentiue to storm winds and atmospheric pressuvéave conditions and
currents play a major role in shaping theastlne as they influence sand transport and serve as a

2 Australian Department of Climate Chan@@09)
3Van Rijr(2011)

4Klein and Nichollg1998)

5Woolfe (2017)

6 Woolfe (2017)

7Klein and Nicholl&1998)

8 Woolfe (2017)
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major cause of erosion and accretiomn contrast to changes in sea level, which cause a slow erosion
process, storm eventgprovoke short, but vey intense erosion on the coasbepending on the
characteistics of the storm, significant erosion rates of several meters per event accur
Consequently, the associated storm surge or tsunami inundation can affect landforms that are usually
not influenced by erosiatf

Anthropogenic influence is another factthat has a significant impact on the disposition of landforms
to erosion. The construction of coastadtructures like breakwaters or seawalls can result in an
alteration of coastal sediment transport pathwayibsequentlythe erosion and accretion pigrns

in the affected landscapes can changke removal of sediment byedgingor sand minings another
driver of erosion By reducing the amount of energy dissipated from incoming waves the erosion can
be increased. The regulation of rivers can lea teduction in the supply of sediments, therefore
causing coastal erosias well't

2.2 Impact of Climate Change CoastaErasion

Natural and human induced climate change is likely to modulate the rates and patterns of coastal
erosion in the future”? Qimate related drivers 2.1) will undergo the most sigificant changewhich

will lead to a modificaon in future erosion patterngOf the many factors influencing costal erosion
like ®a levé, currents, winds and waves, each afehemis affeced by climate chang®.

Among these factors the sea level and the predicted rate of itsisisme of the most important
elementsof climate change and subject to much scientific and public debate. It poses a serious threat
to settlementsand economic activities located along coastal regidr@ne key driver of climate
change induced SLR are increases in ocean warming which leads to a thermal expansion of seawater.
The second main factor is the water input of melting glaciers and ices ffeldhas been proven in
multiple studies that the global mean sea level has risen in the course of thee2®ury. That trend

is predicted to accelerate during the 2tentury!® The mean rate between 1901 and 2010 was 1.7
(1.51.9) mm/yr* with an incease to 3.2 (2.8 to 3.6) mmAyrbetween 1993 and 20107 Several

models predict that the SLR in the*Xdentury will exceed the rate observed during 1971 and 2610.

Coastal systems anldw-lying areas are expected to be increasingly influenced by suberare,

coastal flooding and coastal erosion as a result offSARsing sea level causes the shoreline to recede
inland by promoting offshore transport of sedimefft As the sea level rises the beach seeks to
maintain an equilibrium of the beach profil@o maintain that equilibrium during the course of SLR,

9 Beatley, et al(2002)
10Woolfe (2017)

11 Woolfe (2017)

12Niang et al(2014)
12Wong et al(2014)

14 Dasgupta et a(2009)
15Linham and Nicholi010)
16 Gutierrez et al(2011)
17Rhein et al(2013)

18 Church et al(2013)
19Wong et al(2014)
20\Wong et al(2014) Linham and Nichol(2010)
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sediment is removed from the shoreline and subsequently deposited offshore so that the nearshore
zone gains elevation that is equal to the rise in sea level. Consequently, the volumes of the eroded and
deposited material are equat.It has to be considered that local and regional differences in relative
SLR and temperature, the occurrence and response to climate change effects will vary around the
globe The impacts of climate change on coastal erogiatterns will be site specific and latge
determined by local factor& Apart from SLRhe occurrence of storm surgesill have a significant
impact on coastal zoned The destructive effect of the phenomena will grow ésate change may

lead to an incease in extreme wave heights and the intensity of stoffns.

2.3 Coastal Erosion as a natunakard

Coastal areas are globally characterized by rapid economic developne:pbaulation growth, which

lead to increased exposerof coastal infrastructure, assetand activitie$® The process ofoastal
erosion has always existed, bifitis nowaccelerated due to human activitiésThis natural process
turnsinto a risk as soon as it affects human activities or infrastructéres high global percentage of

the population lives in coastal areas that are vulnerable to coastal erosion there is an increasing need
adapt to its effects on the people, the built environment and infrastrucfiire.

Several methods for thhazardassessment of coastal etionhavebeen develped. Variousfactors
have to be considered as they subsequently determine the assessment methedorm and
composition of coastal landforms and the presence of barriandd as well aeefsin the offshore
areaare factors that define the praessedo be consideredSandy beaches and rocky shores exhibit
different characteristics that influence thenalyses® The spatial and temporal scale of the analysis
has to be adapted according to the scale of the study area. Additionally the time scale ohthsisan
has to be defined in advance. At a short, irdEamual time scale the coastal behaviour across seasonal
weather cycle has to be considered. For kbagn, decadal time scales, climate variabibtyould be
incorporated.

It is crucial for coastal camunities to consider the risks of climate change in their urban planning in
order to redue the risk from those impactdVithout adaptation the currently eroding beaches, sand
dunes and cliffs will erode even further under the influence of increasing®®rRactive planning has

to become afocus, as it reduces the need for a reactive response to the damages caused by the impacts
of climate changeTlhe priority of these protective planning measuig® protectthe people, property

and infrastructure.

Adaption techniques are a broad set of processes that provide kihewledge experience and
equipment to reduce the effects of coastal erosion. These technologies to decreasethe

2Linham and Nicholi010) Bruun(1962)
22 Klein and Nicholl&1998)

2Woth et al.(2006)

24Linham and Nicholi010)

25| enton et al(2009)

26Van Rijn(2011)

27 McLaughlin et a2002)

28\Woolfe (2017)

2Wong et al(2014)
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consequencesf shoreline erosion, wasdamage as well as flooding. The m@@s can be applied
individually or in combination, depending on the specific Sitee action can be differentiated into
GKI NR¢ FyR aaz2tiaé YSI adz2NBa

al F NR¢ Ypeseat daNBaditional approach to coastal protection. Solid barriers are built
betweenland and sea in order to prevent any interaction taking pfdeinvolvesstructures suclas

sea walls groins, leveessea dikesand other barriers While these measures provide tangible
protection to the shore sections they protect, they do not prevéir physical process of erosion. The
process is merely transferred from the shoreline to the seabed or to the adjacent®oast.

With an increasing understanding of naturddoseline functions a trend to en-structural, & & 2 F G ¢
measureshas developedThesemeasures try to supplement and adapt to natural proces3émy

have a focus on information, capacity building, institutional arrangement as well as policy and strategy
development®? Examples of these measures are thehancement of coastal vegetatiobeadh
replenishmentdune stabilization with fences and vegetatidmpbitat restoration beach nourishment

or building of seawallto reduceerosion and enhance the cdas a barrier to storm surgé$Through
thesemeasuresthe natural landscape as well asethabitat function can be better igsened. They

do howeverequire ongoing and regular monitoring, maintenance andineering in order to ensure
effective protection These additional costs and capabilities have to be considered when selecting the
appropriate option3*

Currently both types of measures are being appkedn thoughthere has been a tendency towards
G & 2rfefistires. Generallyy K I NR ¢  ¥r8 applidddIpratect urban areasagainst erosion and
Ft22RAY I ddrenibré éftenys&ilord sexlitd@dtary coasts, composed of beachies.

2.4 Coastal erosion in North Africa

The coastal zones in northern Africa are densely populated areas with high economic activity. From
the 1960sonwards, several coastal areas have begumléweloptowards tourism with the most
significant change occung during the1980s with an accelerated development of tourism and
urbanization Especially the coastal areas have undergone a rapid transformation and experienced
urban and economic growt#.Previously uninhabitedreas saw an increase in population denditye
numbers of ports and marinas increased with a simultaneous building and expansion of port
infrastructures.

With regardto natural hazards, the coastal countries of Northern Africa face similar challenges.
Anthropogenic drivers and pressures like population growth, economic development and urbanization
lead to an increased exposure to coastal risks for human infrastructures and the popdiafios.

30 French 2001

31 Nicholls et al(2007)

82 inham and Nicholi010)
33 Snoussi et a(2009)

34 Chadwick et a2013)

35 inham and Nicholi010)
36 Queslati(2010)

$7Wong et al(2014)
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natural drivers in relation to natural hazards and to cobsetasion in particular are related to climate
change related phenomena like accelerated SLR, increase in extreme storm events and increased
inundation of coastal area$.

In Tunisigpast developments have disturbed the natural equilibrium of the coastaistf The country
has about 1300ilometers of coastof which abouts75 kilometes are sandy beaches. These beaches
are fragile environments and easily destabiliZé@herefore one thirdbf Tunisian coasts consist of
erodible beaches. Population growth@densification have resulted in conflicts and degradation.

Hinkel et al(2015)Y2 RSt f SR GKS | yydzZf flFyR f2aa 2y ¢dzyAail
scenarios. Three seal level rise scenarios (withc2htury sedevel rise of 0.3n, 0.51 m and 1.11 m)

as well as three socieconomic development scenarios were assum@&dotal length of erodible

beaches was calculated with 724km. Figurel shows expected annual losses due to-tmeel rise.

Under the high-sea level rise scenario and without adaptation, -#®eel rise is projected to erode

about 523 M of landin 2100. Under the low selavel rise scenario 71 fare lost in 2100.

SSP2
g A . —~ SSP3
/ X IS ~ SSP5

Vi o\ * HIG
« LOW
* MED

Landloss due to erosion [km?/year]

Year

Figurel: Annual land loss due to erosion until 2100 in Tunisia under three differentlev@l| rise
scenariog!

Morocco is another North African country affected by coastal erosiomolistalzone expands over
3500 kilometresand borders tle Atlantic Ocean and the Mediterranean Sédout 60 %of the
population lives n coastal cities, which host 90 & the industries.The eastern part ofthe
Mediterranean oast of Moraco has a low topography amdhigh ecological and touristic valuks a
result, the coastal area fghysically and socieconomically vulnerablt hazards like sea level rise or

%8 Snoussi et a(2009)
39 Queslati(2010)

4 APAL(2011)

4t Hinkel et al(2015)

10
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coastal erosionDepending on the scenario, up to 50% of sandy shores in easterackbwill be
flooded by2050. Furthermoresignificant inundatia is expected to occun coastal areas. Depending
on thelocation,inundation or erosion ithe primaryissue*?

The coastal city of Tangier is thwst important socieeconomic pole in northern Moroccdhe city

of Tangier washe first seaside tourismektination in the 1970s Morocco. The coastal area has become
increasingly urbanized and tourigmas turned intdts main economic resour¢@ However erosion of
eastern beaches together with pollution of coastal waterses a major threat to the touristsector?
Apart from tourist coastal infrastructurespastaldefenses ports, urban area, railways andindustrial
areas are especially vulnerable towards coastal erosion

To conclude, the coastal countries of Northern Africa are confronted with an aatsdecoastal
eroson relate which necessitates a detailed assessment of the risk and its future development in the
light of climate change.

3. Methodology

3.1 Review of past and current situation

In order to analyse the past dicurrent situation of coastal erasn on the Monastir coast, a literature
review was conducted to gather information about the past condition of coastal erosion in the study

I NBF® wSLR2NIa FTNRY GKS 4! 3Sy0S RS tNRGGSOGAZ2Y Si
gain an understandingf the natural processes. A further focus was set on the implemented and
planned protectie measures. Additionally teeports from local authorities, scientific literature was
reviewed to explore current and future developments in the region, particuladking at climate
change as an influencing factéfurthermore jnterviews with stakeholders were conducted on several
occasions. Experts from APAL in Tunis provided valuable information about the current state of the
coast in Monastir. During variourgterviews,the municipality contributed to aletailed understanding

of the situation and processes on sifeuring a field survey that was conducted with the support of
the municipality, the current situation was documented. A focus was set on identifyimgntu
hotspots of costal erosion and analysing which of the previously planned protective measures have
already been implemented.

3.2 Hazard andexposure Analysis

In the course of theroject, GlSanalysesvere conductedo evaluate the hazard and exposureeas
to coastal erosion in Monastir

3.2.1 Input Data

The input data, used for the analyses have been d@ssrR Ay FdzZNI KSNJ RS&i®oAt Ay
Therefore,only an overview of the data is givém this report Tablel). Stereoscpic World View 3

(WV3) imagery provided the basis for the subsequent analysafigital terrain model (DTM) was
furthermore calculated fromthe WV 3 Additionallz G KS & ! NBFy£é | yR a! RRAGAZ2

42 Snoussi et a(2009)
43 Anfuso et al(2010)
44 Snoussi et a(2009)
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UDRASP Geodatabasere used.The maximum fler velocities, whictwere calculated in the course
of the modelling of the Flash Flodthzard,were also included into the analysisee Deliverable
O5HDOHED D

Tablel: Input Data for Hazard and Exposure Analysis

Input Data Source Date

Imagery 20170.5 m) EUSK World View 3 mosaic 2017

DSM1 & DTM1 (Raster) IABG, 2017
prepared by WV3 imagery

Geodatabase UDRASP IABG, 2017

(Dataset Urban, Additional) prepared by integration of PAUand
mapping/updatingoased on WV3 imagery

Maximum Flow Velocity DHI, HQ100 precipitation event 2018

3.2.2 Workflow

Before conducting the analysis, the coast of Monastir was subdivided into six coastal se(ffigemes

2). The segments are based on delineasthat were also useth APALreports®. In Chapteb, each
segment will be discussed separately and an examined regarding its hazard and exposure to coastal
erosion.

Figure2: Coastal Segments

45 APAL(2011b) APAL(2009)
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In Figure3 the workflow for the definitionof the hazard area is depictedo define the hazard due to
marine erosion, tharea 200 meters inland of the coastlilsoughlypredefined as a potential hazard
area Furthermore, erosion due to surface runaffdonsidered by including the terrain situation on the
shore. The terrain situation is included by combining the slope information of the DEM with the
modelleda aximum flow velocity (HQ100).The satellite imagery is inspected, in combination with
the terrain situation to manually adapt the boundary of the hazard laylee.predefined200m Buffer

is either maintained or adaptedepending on slope and flow velocity. areas with steeglopesand

high maximum flav velocities, the hazard area expanded, wireas in areas with low slope and
maximum flow velocity the 200 m buffer was maintained as a boundary. On séeeatibns, the
predefined hazard area is adapted and defined along major roads or other dominant features.

——
Coastal Erosion
Hazard
S
-
)
A

Figure3: Workflow Hazard Analysis

In next step,the land useinside the hazard areg classifiedinto five categories(Figure4). The
classificationis done in close relation to th@reviously created land use mappi (see Deliverable
a 5 m dBach LWL Polygon is classified according to its status of develogrhergxposure of each
coastal segment is examined and described considering the terrain condition€;lates and the
development status.

Built-up areas (3 high)

I Coastal Structures (2 medium)
Natural (1 low)

M Transport (3 high)

\ [ Water (0) y.

(" Fully developed )
I Partly developed CoaStaI

Coastal [ Examined but not developed Erosion
[1Not Inspected

Erosion I Water y Exposure
Hazard

[ I Terrain_situation (3 high)
—1 [ Terrain_situation (2 medium)
L M Terrain_situation (1 low)

Figure4: Workflow ExposureAnalysis
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The results of the GIS dgaes are subsequently combined with results of reports by local authorities
like the municipality of Monastir and APAL. Furthermore, findings from the field survey are interpreted
in order to gain thoough understanding of the coastal erosion processes in the study area and to
identify exposed areas.

4. Study Area

This chapter desdres the study area of MonastiAn overview of the geography as well as the
geological setting, climate and hydrology areeg.

4.1 Geography

The coast along the golf of Hammamet has a-SE\orientatiorandfollows a very straight course until

it is abruptly interrupted by th@eninsulaof Monastir. The city is located on a plateau that titithe

East and Southea&t.The penisula of Monastir is located in eastern Tunisiaout 160 kilometers

south of the capital Tunist covers an area of about 1020 knbeing0.c:’z 2 F (G KS OZdzy (i NB Q2
The city has a popation of 93,306 (Census 2014)is located in the eastern Tuimsand adjoins the
Mediterranean in the East and West and the municipalities of Sahline and Bembla in the South. The
Monastir coast expands over 15 kilometers and is limited by the Hamdoun wadi in the north and the
Khniss wadi in the South. The area isated on a plateau, a SebkfaThe Monastir coastlinbas a

total length of approximately 5Rilometers. It stretches from the estuary of the Sidi Abdlahmid Wadi

in the Norhwestto RasDimasin the Southwest*

4.2 Geology

On a geological scale, Monastir isdtad in a relatively young aredhe bedrock of the Monastir
plateau consists of a Neogene formation that is, at the same time, the oldest geological material in the
area. The formation is made up of sandy clays from the Miocene and coarse sandstonais amhite

dating back to the Pliocene. They become visible on the surface on the western and northern edges of
the Monastir plateau as well am the Tefla Wadi. On the entingateau, the Neogene bedrock is
covered with marine deposits from the QuatergaiThe area of Khniss and the Sahloasist ofa

sandy limestone, which Iseingminedin quarries>°

The Peninsula of Monastir is characterized by an alternating sequence of sandy beaches and rocky
coasts with sections of steep cliffs in betwegithe diffs predominantly consist of alternatiri®jiocene

layers of sandstone and clay. In some lower cliff areat if Pliocene sandstones agdaternary
materials dominateThe area generally has a low topography that is interrugtgdhe mio-plio-
quaternaryrock at Monastir and the thyrrenic hills of Ksibet el Mediouni as well as collapses area
around the Sabkha of Sahlinghe highest and longest cliff is located in the west, close to the Island of

46 ARCHIPLA(2017)

47 APAL(2010)

48 ARCHIPLA(2017)

49 APAL(2010)

50 ARCHIPLA(2017) APAL(2011a)
51 APAL(2009)
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Ghedamsi. It extends towards the west until the old moaotlihe Melah wadi. The cliff heighanges

between 5 and 20 meters.

The area around Monastir is seismically active, with several active fault lines, the most relevant being
the Skanéshniss fault linéFigure5). The monocline ras in a NESW direction and is visible on the

surface over several kilometers.

Golfe o A
de Tums/
Cap bon /
fossé  — /
de Grombaka

\ Golfe
de Hammamet

Sabihat \
b
skanés

50 km N

Figureb: Location of the Skanékhniss fault and its extension to the golf of Hammament and the

The Monastir region is locatek y

Peninsula of Cap B6h

I GGSOG2yA0 O2NYSNEEZ

g KAOK NE & dz

This situation leads to a high frequency of earthquakes in the region. However, the earthquakes mostly
remain moderate in intensity, rarely exceeding magnitude 5 on the Mestlle Therefore they are

not very destructive® Since 1934 all earthquake events have had a magnitude of 5 or lower on the
Mercalli scaleRigure6). The average magnitude of all recorded earthquakes between 1934 and 2005

is 3.35%

52 APAL(2011)
53 APAL(2009)
54|NM (2013)
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Earthquakes in Monastir

Magnitude and Frequency
14

12

10

1930 1940 1950 1960 1970 1980 1990 2000 2010
—&— annual earthquake frequency —@— highest annual magnitude

Fgure 6: Magnitude and Frequencyf Earthquakes in Monastir area (1938010%°

4.3 Climate

The city is located in a seiid area that exhibits mild, rainy winters and hot, dry summers. Average
annual rainfall lies at about 300 mm. $thand intense precipitation events occur on a regional scale.

They have a high inteseasonal and inteannual variability and occur at irregular intervfls.

The average monthly temperatures in Monastir range from 12.43°C in January to 27.86°C irauly. M

monthly precipitationis very low during theummer months with values of 8 mm in June and 99

mm during July. January (46.18 mm), September (45.23) and October (61 mm) exhibit the highest

annual amounts of precipitation. The highest mean maximampgeratures can be observed during

August (32.83°C) and July (32.38°C). The lowest monthly average minimum temperatures occur during

the months of January (8.34°C) and February (8.73°C).

55 INM(2013)
56 URAM(2003)
57INM (2014)

16



P ) - UNITED NATIONS ~ RRWZig7 UDRASR Urban Disaster Resilienc
N

m UNIVERSITY through Risk Assessment and Sustainable Planr
UNU-EHS

ECHO/SUB/2016/740186/PREV:
Ins;itute for Environment October 2018
and Human Security

30 70
25 60 -
5 50 £
o=
v 20 £
2 40 o
S 15 T
8 30§
= S
(O] ()
= @

()]

10
20
I I 10
0 I - 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

mmmm Mean monthly precipitation (mme====Mean monthly temperature (°C)

Figure7: Climate Monastir, Tunisi¢Clim- 4 S & G I G A Bkanéiéa 2§/ AYIAWI mn &1 p =
Average Data from 1981 to 201%)

4.4 Hydrology

The hydrographic network of the entire governorate of Monastir is largely made up of endorheic
basins. The north is divided into the area of the Sidi &fdid wadi and the area of the Maleh wadi,
which flows into the sebkha of Sahli#B®mbla, a large part of which is artificially diverted towards the
Monastir bay via the Khniss drain. Further south, great amounts of water flow into the sebkha of
Moknine >

Sayada
Lamta

Ouerdanine Ksibs

embla
Mediouni .

Jammel

2
(o] W

N

@
Zermdine _Cg'b*

Bni Moknine

Hassen

Lac

747 zone humide
B salines
I station d'épuration

— Oued
Limites délégation
— Limites gouvernorat

Figure8: Hydrographic network of governorate Monastft

58 INM (2014)
59 APAL(2010)
50 APAL(2010)
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5. Resultsand Discussion

This chapter presents the results of the hazard and exposure analyses concerning coastal erosion in
Monastir. Results from the GEhalyses3.2) are presentedThe insights are related to findinfrem

the literature surveyin order to gain insight into thepast situationon the Monastir coast. The
development of coastal areas in Monastir is illustrated and implememtdabtive measures are
examined.Additionally,findings of a field trip, conducted oklay, 16" 2018 are included into the
analysido demonstrate the current local status and identifyrrent hotspots.

5.1 Coastal Erosion in Monastir

In the past, Tunisian authities and local experts havanducted severaurveysn order to analyse
erosion processes on the Monastir coast, to identify hotspots and to plan protective measures for the
coastal area. Theoflowing chapter summarizes results of local studiessens implemented ad
planned protective measures.

Due to various site characteristics (Chaptérs a2 y I a i A NQ& O 2 sichal processesi dza O S LJ
The main factorinfluencing the rates of coastal erosion in the regie:

Geology
Seismicity

- Waves and winds
Surface runoff

The coast is composed of soft rocks of different geological resistance. The base of the cliffs is constantly
being attacked by the sea, leading of the formation of wamenotches. That process leadsamsion

in the formation rock falls and collapses on the face of the ditie coastal cliffs are additionally
susceptible to erosion during high intensity precipitation eveifitstough surface runoffyater can

infiltrate into the cliffs through crackand fissures of the cliffs. That leads the formation of moist
reservoirs inside the cliff, which decreases the stability of the sl@pelithology inseveral parts of

the shore is characterized by a high clay contdii®)(which generallyhas a low water permeability.
However, as ydrostatic pressure builds up the reservoirsvater presses into the pores of the clay.

As clay has a high swelling capacity under the influence of water, the clay swells and expands. As a
result,the lower layers of the cliff become instable. This effect leads to profound chunks of the cliff to
glide or break off into the oceaft.The just depicted situation illustrates the natural processes that
dominate the coastal areal'hese processes are condig influenced and altered by anthropogenic
changes in the shore are, which will now be described in further detail

52 Partl

Part 1 of the study area has a length of abo00 8neters Figure9). Itisdominated by steep slopes,
but also exhilis gentle slopes in the easthe coastal area is almost entirely covered by protective
measures.Longitudinal protection in form of ripraphas been installed. Directly behind these

sL APAL(2011)
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structures a road runs along themast.On the slope behinthe road, drainage of surfeaunoff has

been ensured by the installment of drainage channels leading from the top of the slope into the
ocean®? Furthermore, the slopes have been coated with soil and vegetation has been planted to
prevent surface erosionthe eastern part is dominated by Builp areasDue to its steep slopes the

area generally is affected by coastal erosion hazard, however the protective measures along the coast
KI S NBRdzZOSR (KS I NBI Q& SELJR & dzNSwell dsthg Bulipatel y (i £ & @
areidentified asthe most relevant exposed objects.

Terrain situation ( 3 high)
Terrain situation (2 medium)

Terrain situation (1 low)

Fully developed Built-up areas

Partly developed Coastal structures

Examined but not developed Natural
Not inspected Transport

Water Water

. D % ‘ T, 5
Figure9: Exposure Analysis, Part 1

53 Part2

Part 2 of the study ared-{gurel0) is also dominated by steep terrain witkrgler slopes in the east.
The whole section has been fully developed in terms of protective measures

62 APAL(2010)
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FigurelO: Exposure Analysis, Part 2

In the eastern part, sea walls with drainage chanraswell as headland breakwaters kalieen
installed Figurell.l). In the western part, ripraps in combination with vertical as well as horizontal
drainage channels been constructdedurell.2, Figurell.3). Themunicipality confirms, that in this
area, the previous erosion has been reduced because of the implemented measures.

Figurell: Part 2¢ 1) Sea Walls 2) Rip Rap$ Drainage channels
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