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Gener al Il ntrodu

General Introduction

Coastal areas are some of the most dynamic and vulnerable places orcdartiled by
natural forces such as waves, storms, tides, and sea levelrfigsanan activity.The impacts
of climate change are putting coastal zonesigh risk of erosion,coastalflooding, and
inundation

In Algeria, these pressures are clearly visible alongodastline.The country faces significant
challengesprotecting the zone and insurildevelopment. Many regionare located in

vulnerable areas, neamuedsmouths or unstable cliffs, making them particulaglyposed

previously mentioned risks

The Skikda coastline, in northeastern Algeria includes sensitive environments, such as wetlands
andouedsmouths, that are highly exposed to both natural hazards and human ifngacts
industrial activity toharboroperations. Numerous studies have besmnied ouin bays such as
Algiers Bay, Bou Ismail Bay, and Zemmouri Bay, providing valuable data on coastal dynamics
and risks. However, there remains a clear lack of research focused on Skikda Bay, resulting in
significant gaps in knowledge thiatpacteffective coastal management and protection in this
area.

The goal of this work is to better understand the risks facing the Skikda coastline and identify
the regions most vulnerablTo dothat sowe organizedhis researcimto seven chapters:

1 Chapter I In this chapter welefined the scientific concepts related to our stundg

general way
1 Chapter Il We ok a close look at the Skikda regioexamining its geologygueds
climat e, and ocean conditions to underst

behavior and vulnerability.

1 Chapter Ill Focuses o€oastline EvaluationVe look at how the coastline has changed
over time and predict how it might continue to evolve, identifying both the most stable
and the most vulnerable areas.

1 Chapter IV We usedhe Peaks Over Threshold (POT) method to estimatestkand
impactof major coastal flooding events.

1 Chapter V Using the MIKE21 modelve simulatel how waves behave along the coast.
These simulations hedolus understand how different parts of the coastline respond to
storm conditions and where flooding is most likely to occur.

1 Chapter VI We usedthe results from the extreme events and hydrodynamic modeling
to map the areas that are most vulnerable to flooding

1 Chapter VII We analyzel inundation caused byuedoverflow, using the HEGRAS
model to simulate howatermight spread fronthe SatSaf ouedand the bridge that
spans it

Through these chapters, we hope to provide a comprehensive understanding of the challenges
thatthe Skikda coastline face®w and in the future. By offeringear understanding al the
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risks wehopeto support better decisionaking for protecting the coastal environment and the
communities that depend on it.



Chaplt@veryv

e w



Chapter 1 : Over

| IIntroducti on

Coast al regions are dynamic yet vulnerabl
hazards, en ostiloaatitrag amnd oodun@gai manhe change an
urbani zation exacerbate these phenomena, pos
ecosystems. As these risks grow, it hasulbtco
to develop effective preventive anidtiiacdaalpt i v €
context where the resilience of coastal regi
l2Coast al EnviLrannmematp ean d

[.2.1 Coasts

Coasts are complex daseasint@dbISTeNUSed?2D9
as a result, it is home to three influences:

Continent al factor s: These refer to the ge

determines the type and resistance of rocks

Marine factors: These encompass the effect:
driven by hydrodynamic forces such as waves,
beyond erosion, as it can al sdepbsaytiaocoasdr

progradati on.

At mospheric factors: These involve subaeria
and water in its various forms. These el emen
movement of sediments in bO(PASKOBBEt a20a20)d i n

|.2.2 Beaches
a beach is understood as a coast al | andf or
sedi ments, shaped by wave and current action

depositional (FBEREBA Z®hal tj ons

|l tés a sloping coast al | andform covered in
( MARI NE CONSERVATI ON .SCI ENCE, 2012)

1.2.3 Cliff

't 1 s a s tfereepe svlieogpeet awiitohn an i ncilviemdtiican ,r a
hi ghly variable height, | ocated at the inte
processes (PASKOEFen’2610)

There are two types of cliffs:

Active chafhsterized by a generally steep

|l nactivewlkilectd fasre no | onger affected by mar
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|.2.4 Dune

Is an accumulation of sand formed by the wirt
and deposition of sediments carried by waves
depends on the availabilitytobnsasdchwiasdt e
content of the ¢gGAOUBWEANd2W1l&)Yd speed

[.2.5 Watershed

A watershed is defined as the area above a
particular point, i.e., outlet. Il n ot her wor
incoming excess precipitatibodaptot hwatsameompl
|l ow el evation area resulting from its topog!

defined by its topographic high points. The
watershed would flmw eawareks eistss pa wtcli eti ,t ait.i e.

Depending on the | ocation of the outlet, the
fairly simple to i1dentify in hilly areas bc¢
(ABRAR et al ., 2020) .

An ungwatgerdshedhe with inadequate records (i
guality) of hydrological observatiohsinhbeeersa

(both water guantity or gual i tsygalaets ,t haen da ptg
accuracy acceptabl eSIif vVAPMdERNEIlI .c,al2@PP).icatio

A watershed having the measured hydrol ogic
others is callESUREBRIIH,e d2 OvAaG)e.r shed

I3Coast al Spatemand

[.3.1 Coastal System

Coast al system includes both the physical
(dynamic interfaces where | and meets ocean a
processes, the three environmenltnst eirnatcetriaocnt acl
these environments occurs at varyingcsapati a
coast al dynamics down to the intricate rel at

transport.

[.3.2 Coastalspace

Areas where various coastal activities are
|l aying the basis {(00OHNSENNehgadltthass@ O shgep cheusma
management of coastal regions.

|.3.3 CoastalDomain

A broader spati al area Iinfluenced by <coast
based on hydrodynamic processes the coast al
Surf zone, Shoaling zone, Swash zone.
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zone de swash | zone de déferlement zone des brisants zone de shoaling zone du large
swash zone surf zone breaker zone shoaling wave zone offshore zone
U
Dr“&‘h
/--'I-.\‘l‘-_
_-“‘-"-——-"'—"‘-
h=L,/2

¢ OpOe T A0 T8I en 200
U, : vitesses orbitales onshore
U, : vitesses orbitales offshore

Figlhr eDi agram representing (tShree PAN N, 0 2 0t0he ¢

[4C1 i man@l i mahaen ge

[.4.1 Climate

Climate i s the-tsgalyanyt hweesaitsh eaof ctomedidayns i n
climate is chaeamtetatrzedtbygs]l sgch as mean v
extreme values) of the st atthee ome tt éhceer alt anpispale
that area. Synthesis implies much more than
represent climate; for example, average and
ranges, and the fypgeemwditds asfsoweat bdr val ue
climate el ements are precipitation, temper a
phenomena such as fog, frost, thunder, and

temperaturmpser atnur s®i dat twear i o uvsA UdNNeDpEtRh.s ,1 9a8On2d)

[.4.2 Climate change

The Fifth Assessment Report published by the
humanduced and natural <c¢climate change by sta
particularly the burning ofalf opsrsoicle sfsueesl,s ,h adve
primary drivers of g 200bt ahl cweanrtmuirnyg sTihn cse htalse

environment al transformations, including i ni
ocean acidificationevantdismomlTkheekPCEmal weatmp
of climate change has accelerated in recent
war mer than the previous one, surpa(slsR@@, any
2013) .

A change in the state of the climate that c:
variability of its properties and that persi
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is defined as climate change in the | PCC 202

internal processes or external forces such
human (anthropogenic) changesed nNdthieomg mlrs g rh
Convention on Climate Change (UNFCCC), howev
in its Article 1 as: "a change of climate w
activity that alters thlerc® mprod i whioanh oifs tihre
climate variability observed over comparabl e

makes a clear di scdawmcdd oml ibrmd twee emh &arugnea nand ne
(recc,. 2021)

IGCoast al Dynamic Agent s
[.5.1 Erosion
Erosion is a geomorphic process that det acl

associated organic matter) from its primary
human or aniZRIN adt.iavi.t,y 2016)

[.5.2 Sediment accumulation

The process by which sedi ment is deposited
This process is influenced by factors such &
coastal topography.

[.5.3 Sediment transport

Sedi ment transport has been defined as t hos:t
removed from one | ocation and transported to
cycle of sedi ment (tBrRaEnBsBploAr tetmaayl .s t alro9t8 2agai n

[.5.4 Storm

A storm refers t o a disturbed or turbul ent
characterized by significant changes in atm
pressure, and temperature. On Eartdheotootdhea
interactions within the atmosphere, |l eading
heavy rainfall, snow, or even dust stor ms.
instabilities caused by ,thher pdlanécc@BEFEada Otoeatn
al . ,. 2024)

Ie6Coast al FI ooding and I nundation

|.6.1 Coastal flooding

Coast al flooding refers 49i hgecbampat amyen
overfl ow of seawater onto normally dry | and.
tsunamis, or rising sea | evevlesr iatsys oocfi actoeads twai
depends on factors such as storm intensity,

ma-made b@IrPCE@,r.s2019)
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[.6.2 Inundation

Temporary, natural, or artificial submer si ¢
|l and adjacent to a watercourse or a body of
water cannot be drained thr eughl omatt.thri sl parmr pa

Inundation of | and areas along the coast, i s
from an adjaceEMOAAO0d3YO0O D6B) wat er

1.6.3 Sea Level

Sea |l evel corresponds to the average height
maritime variations at different scal es. |t
tides over a | ong period whdllkey ewaVesi agdt ¢
Generally, two types of measur emendet earmrmi e & |
relative to a geodetic reference, and relati
movements, such ac phdsomdema.e or tectoni
Beyond daily fluctuations, a gradual rise i

climate change. According to findings fro

P@@)b!l i shed in 2021, the global sea |l evel r
18, with an accelerating trend over recent
3 mm/year between 1901 and 1971dtocaBi dg ma
gni ficant accel e(rlahd@®h 200 t he phenomenon
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Il 1Stludy Ar ea
[1.1.1 Geographical Situation of the Study Area

The wil ay,a lodc a&Stke dk dian t he northeastern coas
of 4141 Kkmjcovietvssyx0 oRanHt8I%fnewhi ch consists of
steep cliffs, and features 34 beaches access

't i s bordered by:

A The Mediterranean Sea to the north
A Jijel Province to the west
A Mila Province to the southwest
A Constantine Province to the south
A Guel ma Province to the southeast
A Annaba Province to the east

It i s |l ocated between:

A Latitude: Between 36A 23' 40" and 37A 4
A Longitude: Between 6A 13' 50" and 7A 24"

6°0"0"E 7°0'0"E 8°0'0"F.
010" woivorE

MEDITERRANEAN SEA

SKIKDA BAY

37°0"0"N

MILA

36°30'0"N

36°30°0"N

SCG s WGS 1984 UTM Zone 32N/ T : 3
PR G CONSTANTINE SLLLO

6°0'0"E 7°0'0"E 8°0"0"E

FigareMap of the geographical |l ocation o

[1.1.2 Coastal Domain

The wilayaompr iSke&da8 communes, including
popul ation of 1, 01868IDiOvad i2r0 IcMEGCHIZ & IWha rcdtalst )
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Tabll eCoast al czmomaf Mé& @HZ Iplelr, 2015) .

Ar ea % Coast
Coast ] ]
t he domai n/ Coast Densit
Commune domai Popul a
commu Area of ( km) (hab/ k
car ¢ &m
(kmj] | commun
ElI Mar s 114, 76,7 67, 04 37, 2: 6 33¢ 56
Ben Azzi 213, 56, 9 87, 38 7, 26 30 80 144
Dj endel
213, 56, 9 26, 65 5,15 9 14: 43
Mo hamed
Filfil 70,0 28, 4 40, 64 22,1« 30 63 438
Ski kda 56, 3 40, 0 71, 05 28,6¢ 172 8 3 066
Ain Zou 113 23,3 20, 63 35, 0 2 08¢ 19
Tamal ou 177, 4, 86 2,74 7,66 54 15 305
Ker ker ¢ 85,9 115, ¢« 18, 01 23, 9! 24 71 287
Coll o 24, 4 16, 8 69, 11 25, 5. 37 30 1 528
Ch®r ape 71,1 14, 2 20, 00 15, 51 19 81 279
Kanoua 65, 7 19,9 30, 35 13, 3¢ 7 38¢ 112
OQul ed A1 106, 11,5 10, 81 7, 33 11 46 107
Kheng Ma 45,0 23,4 52,14 20, 1. 4 84 108
Qued Zh 87,7 1,74 1,98 1,12 7 12¢ 81
Tot al 1471, 451, . 30, 66 250,1 418 6 285
| 1 G&ol ogi@ead marnpdhol ogi cal Framewor k
Ski kcdomd sst i ne is distinguished by its remar

is home not only to magnificent rocky shores
fine sandy beaches that extend iad@ngorithrea dvte c

t he surr ouMaoriengv eére,r raani ne.xt ensi ve dune fi el
essenti al role in the natural protection
bal ance
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6°20'0"E 6°30'0"E 6°40'0"E 6°50'0"E 7°0'0"E 7°10'0"E

37°20'0"N
37°20'0"N

z
°
s
Z
i

%
2

Legend

36°50'0"N

==Dunes
= Cliffs
Beachs
Harbor Areas
=~ Artificial Coastlines

SCG : WGS 1984 UTM Zone 32N

36°40'0"N
36°40'0"N

Serse: By, i, Eaiagar @ssgeasiies, and (hs @IS Ut S ammurity.

6°30'0"E 6°40'0"E 6°50'0"E 7°0'0"E 7°10'0"E

Figdtre€Coastal Typology of Skikda Bay.
[1.2.1 Dunes

BenazouCobDdaoe

As part o f-Sarhhea dGuae rvbeetsl and compimgxftodrht s
bi odiversity and ecosyspkétaarmstsaibliiltiy.e A 5 ehsetc
in this area to prevent degradation and prot
suchAmesophi |l aamaRRetnama,abwlvieqqh play a key r ol e
( BOUHI DEL.,, 2022)

Guer-Bashadja Dune System

Extending across the broader 42,100 hectar
of various i nter co(n\NAeTclt@GNIS slaNLdE Sfloe2ntdh2i0n)e 1 s a ¢
natur al barrier agai nst coast al erosi on, bu
expansion and human activities. Conservation
func( UNDR, 2019) .

Filfila Dune Cordon
Located wit HSiam htabdg aGueergheosn, t hi s dune syst
specific data on its exact size is |imited,
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extraction, and trampling. Sustainabl e mana
degra@dBOUBhDEL.,, 2022)

Lar bi Ben MOHI di Dune System

Spanning 206 hectares, this coastal area ne
covering 45 hectares, backed by a vegetated
tourism projects, which al |l ocaitreg 5t6h rheatt atroce st

ecosy(sAlegn®rie 360A, 2011) .

I1.2. 2 Cliffs
10% of tdeaskliiknha consi sts of rocky shores
while 58% compri M€ GiHZd dd e s i0dI59 .cl i ffs

The rocky <cliffs dominate from Esrah Point
i sbensluding Sirigina, The Lion,dltdeatMad amaa
the shoreline. The cliffs' topogmsapglhysiistpmig
gnei ss, schiraty, ma(Gd EDIOWBIHRM0 03 ) .

The sheer cliffs of the Skikda coastline ar
chemical and biological phenomena | inked to
the bay is know(CEMALFfreguaht, s2O0fL thp.

[1.2.2 Beaches
17% of tchoea sStklitkmdea consi sts of sandy b.eaches

Tab2 eLi st of beacSkik(dva nl AtvH eN EWDiZI, a y2& 2df) .

N o Beach Name Dairal/ Co Observation:
1 Lamgui sba Cove Kanoua Small cove surr
2 Marsa Zitoune | Kheneg N Bay nestled bet
3 Grande Pl age Ain Zol Wi de stretch ¢
4 Aghal ad or Khray Kheneg N Rocky beach wi
5 Ain Doul a Beac Coll o Wil d beach borc
6 Ain Oum EI Gssal Coll o Haftd e a c h ;cd reyastt ea
7 Awr ar Beach Kheneg N Smal | i sol at ¢
8 Ayl a Beach Kheneg N Gol den sand |
9 Bel had|]j Beach Ain Zol Beach surround
10 Ben Said Beact Coll o Natur al prote
11 Ben Zouit Beac Ker ker Fine sand, tur
12 Bi ki ni Beach Ski kda Popular and to
13 Boumarouane Be: El Mar : |l sol ated, acce
14 Bouncheme Beac Kanoua Smal | bay bet we
15 Cap de Fer Bea El Mar ! Rocky point w
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Casino and Lido Ski kda Urban beach, ¢
Ch©t eau Vert B Ski kda Beach with a |
Chei kh Rabah Be El Mar Hartdo each, beau
Coll o Beach Coll o Main beach of

St ora Beach Ski kda Natur al port,
Pl at anes Beac Fil fil Bordered by pl ¢
Cap Bougaroun B Kanoua Deep water s, roi
Eddamous or Damo Oul ed A Bay with panor
El Mar sa Beact El Mar ! Natur al port.,
Guer bes or Guebc¢ Ski kda Long wild be
Hel |l al a Beach Kanoua Smal | rocks an
Kef Fatma Beac Benazot. Cry<xt &lar waters,
Kssir EI Baz B Collo Preserved natur
Bay of Young Gir Col |l o Hi dden small
La Carri re Be Ski kda Rocks aadeses
La Jet ®e Beach (F Ski kda Stunning sea
La Presqu' | e Coll o Rocky penins
Labrarek Beacl Col l o Wild, little
Laksar Beach Ker ker Fine sand and
Lar bi B ExMJIriadhine ¢ Dj ende Large histori
Les Calatines | Ski kda Rocky beach wi
Mar quette Beac Ski kda Famifry endl y b
Marsa Zitoun or I Kheneg N Cl ear waters, u
Mi | i B eaarcyh Ski kda Restricted a
Mi ramar Beach Ski kda Close to hote
Mol | o Beach Ski kda Rocks and fir
Nor Beach Ski kda Little frequ
Qued Bi bi Beac Ain Zol Bordered by ¢
OQued EI Gat Be Fil fil Preserved beach
OQued Lagsab Be Fil fil Natur al bea:
OQued Righa Bea Fil fil Wi de beach wi
Oued Saboun Be: Fil fil |l sol ated and
Oued dranTangi or T Ain Zol Picturesque
Oued Zhor Beac Oued Ze Beach surrounde
Paradi se Beacl Ski kda Il dyl lic | oce
Petit Port Bece El Mar Smal | natur al
Ravin des Lions Ski kda Massive rock f
Ravin des Singe Ski kda Cliff and wil
Rmil a Beach El Mar ! Fine sand, f ol

Mp
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55 Kanoua Wil d Be: Kanoua Little frequent
56 Sidi Abderahman¢ Kheneg N Accessible b
57 Sidi Akacha Be El Mar Aut hentic be
58 Taleza or Tel za Col l o Protected b
59 Tamanart Beact Cher ai Surrounded by |
60 Zakkor or Zegho Tamal ot Cl ear water ar
61 Zmamria Beach Kanoua Wild and iso
6 2 Cap de Fer East | El Mar ! Stunning rocky
6 3 Cap de Fer West F El Mar ! Di screet co
6 4 Beaches between EI El Mar ¢ Series of sma
65 Wil d Beaches Ski kda Various unregul
| THBdrographic Framewor k
[1.3.1 The Wadis
The hydrographic basin of the Gulf of Skik:t
Oued EI Kebir
6°0'0"E 6°30'0"E 7°0'0"E 7°30'0"E
N
z
Legend
| Bz
2 @ - outlet 5
:?‘ SCG : WGS 1984 UTM Zone 32N ?
0_5_10 20 30 40 ﬁ
6°0'0"E 6°30'0"E 7°0'0"E ‘ 7°30‘0'E '
Fi gaar eNVatershed Map of Oued EI Kebir.
Located in the east of the gulf, mainly dra
are®d9df, 5 lkmjd it flows into the Mediterrane:
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approxilm®dt.eklmacionudd ngt h i s wWhHi. 60 kmfl uences
hydrol ogi cal behavi or.

ThEort on KHKdKelkf ofr Oued EI OKe3blicral Owée aatt eds us
formul a:

Equatli on

7AOAOOVEBAA

"O TREEGAT cot

This value indicates a moderate elongation
and discharged into the Mediterranean.
Oued-Sadf

6°0'0"E 6°30'0"E 7°0'0"E 7°30'0"E

37°0'0"N

37°0'0"N

Legend
Hydrographic Networks
Stream Order

(((((((

36°30'0"N

36°30'0"N

SCG : WGS 1984 UTM Zone 32N
g0 20 30 40

6°0'0"E 6°30'0"E 7°0'0"E 7°30'0"E

FigbrevVat ershed Mad .of Oued Saf

The most significant wadi i & 5mle. sittudoreidg iam
the south of the Numidian chain, specificall
foll owssoastrhorptat h over a | ength of 62 km bef c

The Horton | n)defxor( KSl&Ké HK$Ha 0. 2 6, this value

el ongated basin, meaning that watbemdiuy sehan
However, due to its geomorphol ogical configu
Qued-Sg8afis particularly prone to flooding du
and increasing wurbanizatitcdhrerpbymaotnecrwatsemng ¢
flooding and its associated damages.
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| b hdtsudy, we will speceSaffi,c aalsl yt hfeo cauvsa iolna bd uee
ixdepth anal ysi s oifnfi aesfn dfel doroodlso gyn atnhdi st hree gi o |

Oued El Guebli

6°0'0"E 6°30'0"E 7°0'0"E 7°30'0"E

37°0'0"N

37°0'0"N

Legend
Hydrographic Networks
Stream Order

1

——3
4

—_—5-6

[] Watershed Boundary

:Z [ study Area Boundary
8 @ Outlet Z
& o
© =4
“@ SCG : WGS 1984 UTM Zone 32N 5:0
& 5710 20 30 40 =

6°0'0"E 6°30'0"E ‘ 7°0'0"E 7°30'0"E

Figbtr evat er shed Map of Oued EI Guebli

Situated in the west of the gulf, has a watershed area of 977 km? and is almost entirely
within the administrative boundaries of the Skikda province. The main watercourse has a length
of 62.55 km, influencing the hydrological characteristics of the region.

The Horton Index (KHK_HKH for Oued El Guebli is 0.25, this value suggests that Oued
El Guebli's basin is relatively elongated, leading to a more concentrated flow along the main
ouedcourse. This can contribute to rapid water accumulation during heavy rains, increasing the
risk of flooding in the downstream areas.

Il 1 .4 Climatic Framewor k

[1.4.1 Precipitation

Annual precipitation

According t&i gheertesiusl tBlvsoefr t enck tpleati od fr
2024, annual precipitation in Skikda has sho

in rainfal/l |l evels. The highest recorded pre
the | owest waswiotbhlseanled 1 m@mM.22Anot her peak
101 mm of rainfall, but this was foll owed

precipitation dropped to 67 mm and conti nue:c

MYy



Chapt €halkrlacterization of t

2022. Al t houghr itidre r2e0 2w8a s wa tshl i2g0htmm of r ai nf a

l ow at 18 mm, indicating a persistent preci
attributed to rising temperatures, which ent
ul ti mamt ei wgl preci pitation. As a resul t, Ski
climat e.
120 -

s 106 101

= 100

= 83 82 79

;80 67

§ 20 18

< 20 13

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
YEARS

Predipitation

Figurefhe annual precipitation (i$ho uHhsda :GMEy da r eg
15/ 03)/ 2025

Mont hly precipitation

According to the 80bisterivatn mtnesd itnhati:gur e

T Winter (89.37 mm) and autumn (77.67 mm)

precipitation in November, December, and
T Summer (16.4 mm) is the driest season, wif
in July (3.3 mm)

1T The annual mont hly average is 62.73 mm,
precipitation, characterized by a dry sea
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140
— 120,7
2 50 1125
= 100
= 79,7 79,2 75 9
= 80 69 —
= 56,3
< 60 464 433
E ilp] 26,2 -
= 19
= 20 33
=~
E 0
= A 3 o S N 2 & ; o5 ;
RO R @\'“\\ RO N & & & &
o o <X ' ’ W & A o o)
SO & F & &
MONTHS o s
Precipitation

Fig&rehe

[1.4.2 Temperature

Annual

Over t
fluctuat:i
maxi mum t
eaching
ecorded
ol l ows a
hat affe
rel ati vel
2023, whi
The consi
summer s
reduct.i

— —h = =

on

he

and

mont hly averageegieai i oaft auirS5a ed:ot 2 €

Hi st oM@tqRBe 03)/ 2025

Temperatur e

year s, temper at ur egrdamtiadt hi nmitnhoer
ons, suggesting a potential warmir
emperatur e, despite some variatio
its peak in 2022. AhtRORBGhandsk203
values remain higher than in prev
n upward trajectory, particularly
cts both dayti mMéheanmd nnimght ttiemg etr &
y stable, showing only a slight i
ch could be attributed to temporar
stent rimsa&geda nt amapxda rmeutmu raensd sauvgeg e s t
mil der winters, while the stahb

i n extreme amd dt hcaotn dwh a t8.nvee dsuere nig
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30

25

20

15

Temperature °C

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Years

Minimum Average Maximum

FigaArnualmperature variations in (tShar@ki:k dHa siteqgi
M®t ®H/ 03)/ 2025

Mont hémper atur e

According téigheerésult IMeaprevead urkapatte

region follow a typical Mediterranean cl i mat
winters. From January onward, temperatures
summer mont hs of Jul ysiaamgd tAuvau sdt Dieecfeonrbee r d e &
graph, July stands out as the hottest month,
an average ranging between 27 and 28AC. I n

mini mum temper at ur5eAsC darnodp pa mga\wd rosee tloet weer
transition between seasiomest empgratdtwaeés fwi o im
foll owed by a decline from September to Dece

Thi s seasonalt heremd| vent¢ectod t he Medi terra
temperature variations and contributes to th

35
-, 30
w25
£ 20
E
T 15
=
= 10
2
5
0
{9’5‘@ @""\‘\ @é‘& vﬁl\\\ @6\ \\‘Qz S \,QS\’% 2 @‘7‘@} .Léoé & éc’?}
P QQ‘P T Q@ o & <&
2 = <
Months
Minimum Average Maximum
FigubeMont hly temperature variations in the Sk

Hi st oM@tgRee 03)/.2025
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I1.4.3 The Wind

Wind ml aynpoatanin the dynamics of the coas
submersi on, and flooding processes. The anal
conducted wusing data Wav e m Clviwea.towalvierce)i,chat ab
covering the period from 1992 to 2022. |Infor

represented abfi gwithed roses in the

The annualFiwiuwyceiMmadseates that the winds bl
region are predominantly from two-Nmaithmhwdbt e:
( NNW), which account for the highest percent
observedkméhechedi @i natNonrgt hfweosnt tsheec tNoorr.t h

To better understand the seasonal variabil it
was conducted for each season:

T Aut umn: During autumn, the wind rose anal
main sectors: t heNoWetshtwe(sW) (awiNW)t,h ewiWelsta n
speed of 7.1 km/ h and a frequency of 11. 8

T Winter: I n winter, the analysis reveal s t
generating the strongest winds with a spe
We sNtor t hwest ( WNW) sector follows, with a
14 . 2 2 %. Notably, the highest wind speed wz¢

T Spring: I n spring, the wind rose al so sh
frequency of 12.45% and an average speed
directi onNarst htwees tWe(sWNW) , with a speed of

13. 16%.peWdsd asppear to be relatively bal:
significant extreme events.

T Summer: The analysis of summer wind- patte
Nort heast (NNE) sector, with a speed of 8
the East (E) sector also shows frequent
11. 96% and a speed of 7.6 km/ h.

The study of the wind rose in the Skikda
domi nant wind directions, with the highest w


http://www.waveclimate.com/
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Annual

|
Aut umn

Spring

Legend
B Above 23214
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] 14.286 - 16.071
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Below 1.786

ERREA

Fi gl eAnnual and Seasonal-2W2QBduRosesWateSK

of



Chapt €halkrlacterization of t

|l lO&eanographic Framewor k

[1.5.1 Wave
Il n all coast al zowaveast pares cutl el gnalmpoir § ac
i ndioruetccsomen shoreliarcalmdsbaidehayaciTeei stics ir
region wa s carried out usi ng dat a from
www. wavecl)i,mactoev.ecraommg t he period Wwagheilgh%t2 t
period, and direction i % graphically represe
The annual wave reseal(Fighae ttwo predomin
observed irregtiloedN8 Niokhwehst ( NNW), accounting f
of recorded -NavebBweamnd( WRW), with an occurre
The seasonal wavendocaeté&igure 1
T Autumn: The autumn wave rose indicates ¢t}
varying i ntMNorstihtwest: (NoONW)h, with a -freque
Nort hwest (WNW), appearing in 17.06% of r
T Winter: The winter wave analysis highligh
di fferent intensities. T h e-Noma shtwe d b mi( nNaNnW

occurring 23.53% of -Noaet hwenet fWNWowewh ibg
for 15r&06r déd waves.

1T Spring: The spring wave rose analysis als
Nort hwest (NNW), representing Nborgthweosft t
( WNW), which appears in approximately 17.
T Summer : During summer |, the wave analysis

directioNwms:t hNest h ( NNW) , which i s the mos:
by H®Haogtt heast (ENE), appearing with a frec

The wave analysis in the Skikda regioen t hu:
Nort hwest ( NNW) direction throughout the ye
during the summer season.


http://www.waveclimate.com/
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Winter Spring

10%

Summer AuUut umn
Legend

Il Above 85714
I 8.1429-8.5714
7.7143 - 8.1429
[ ]7.2857-7.7143
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] 6.0000 - 6.4286
[ 1] 55714 - 6.0000
I 5.1429 - 5.5714
I 4.7143-5.1429
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I 3.0000 - 3.4286
Il 25714 - 3.0000
Bl 2.1429-25714
Bl 1.7143-2.1429
Il 12857-1.7143
Il 08571 -1.2857
Il 0.4286 - 0.8571
[ ] Below 0.4286

Figlu2 eAnnual and Seasonal 29289 uRcees Waft e
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[1.5.2 Tides

Skikda coast al city in nordheastérni Adleger im
has two high tides and two | ow tides per d
gravitational forces of the Moon iadal tmanGan
Skikda is relatively small, which is typical

|l ess pronounced compared to open ocean syste

Ti dal patterns in Skikda follow a predictat
12 hour s and 25 mi ntuh ee s p n lainndei ad atdafidedved s t 0
ForecasttikRemhei ght of hi goh 8$i mielsarclayn, rleaw ht it
same -dsieuminal <cycle, with the | owest tides r ec
Ti des FoTi ddd shhkinghi(ng. com



https://www.tide-forecast.com/locations/Skikda/tides/latest?utm_source=chatgpt.com
https://www.tide-forecast.com/locations/Skikda/tides/latest?utm_source=chatgpt.com
https://tides4fishing.com/dz/algeria/skikda#_tides
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11T .1 I ntroduction
The coastline represents a dynamic interfac
humanduced processes that continually alter

erosion has becomeetafim@i c¢croagltabalecocryse rems,
economic activities.

The Bay of Skikda, | ocated on the northeast e
port, touri sm, and i ndustrial activities. O
significant shoreline change(swaweess,ulnmdrmigne ra
extreme weather events) and human 1intervent
shoreline devel opments).

I n t hi snaloys#sheoxdge,l iane evol ution in Skikda is ¢
erosion, identify vulnerable zones, and prop
intemdsanal yze the shorel i roer ec hyanagBelsp eifini otdh e 1
2023) , using Landsat satellite data and spa

Analysis System (DSAS).

M1 .2 Methodol ogy

[11.2.1 Data collection

For this study, the primary data required i |

additional parameters wil|l be computed using
Baseline

The baseline, used as a reference for DSAS,
statistical cal cul ation of shoreline evol uti
maxi mum di stance of 1000m f rtaam et heh es hwva rsaulail n
transects on the maps.

transects

The transects were generated wusing the DSAS
bet ween transects was set at 250m, resulting

Shorelines

Il n order to effectively monitor the evoluti
positions were eyeaaracitretderavtalrse,gudarrr elsOpondi n
2013, and 2023. These shorelidné&8ssaeteel gemreri an
Python scripts developed on the Google Ear"

consistent extraction of the coast al l i nes.
| ohg@rm evolution tr erds,0nrad d wae italt e oefsf, e catdsa g
satellite i mages, and capture the significan
coastal morphol ggegw.r Pwsirngda bfeitxwee nl Ghoreline
to ensureenceyonsni s he temporal analysis, facildi
related to variable intervals, and adhere to
constant time step thus makes ne epvoosisutbiloen ttc

HY
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independently of seasonal or exceptional vV a
results obtained.

Tab3t eShorelines resolution.
Shor ePleirneo d 1993 2003 2013 2023
Resol uti or 30 30 30 30

[11.2.2 Shoreline uncertainty
The uncertainty associated with these shorel

squares (RSS) method, foll d®uindge tthe tglue dEX p m

Uncertainty oOamalMeas srneamerts were identified a
was <calcul ated foll owlampkeme@thhbHpbvhadaopttdd nfenr
principal components affecting shoreline maj

dat aset s

Equa2i on

Y¢e @ ©Ob 006Q 0@ 0V 0
The uncertainty of each shoreline position i

Tabdt eEsti mation of the uncertainty associated wi

Error Estimation (m) 1993 2003 2013 2023
Seasonal error (ES) 5 5 5 5
Tidal fluctuation (Etd) 0,5 0,5 0,5 0,5
Georeferencing error (Er) 10 7 5 5
Digitization error (Ed) 3 3 3 3
Pixel error (Ep) 0,25 0,25 0,15 0,15
Total error (Et) 11,59 9,13 7,7 7,7
The totali esuanlcceurltaatiendt yusi ng the foll owing for.

Equad3i on

~. ~ ~ ~
g g

T, £ : A
Y¢ O WO Qi 0 O "QE—6w

€
With n is the number of shorelines
Tabst eTot al Shoreline Change Uncertainty Over Tim
ShorelineeR 1993800 2009013 2078023 19982023
Tot al un(ra) 10. 4 8. 4 7.7 92
I n this case study, we wil/|l analyze the comb

H
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|l 1 Re3ults of the shoreline evolution

Toanalsyhwng el ine dynamics over the study perio
End Point Rate (EPR) and Net Shoreline Move
shoreline change between the ol dest and mos
reresents the total distance between these t

An uncertainty vausuiengvatsh e |lrsmwo tc ad wmfl caft esdqu b r
indicators to account for positional errors

EPR uncertainty
ThEPRncer tG.iitmdnidsaimtl cul ated wusing the follo

Yao Y&y E O Y&

© 00® 00®

NSMincertainty
ThESMncer tlad .n3a3n dnsatl cul ated wusing the foll ow

~. ~

0 Y& Y& EOTYED
The foll owing maps and graphs il lustrate the
present the detailed results for each transe

Results of the EPR analysis
|l nterpretation

The evolution of the shoreline between 1993
bet ween t he western and eastern sector s, hi
environments and proceadesgegslB3efid.er osi on or acc

Eastern Sector: Sandy Coastline with Evol vin
The easter nslsaendBoli s( Faggreéy composed of sand
more vulnerable to erosion and coast al dyne
Movement (NSM) values in this area, indicat.i
cases, |l oetall oz eplhases .

This sector shows higher End Point Rate (EPEF
retreat, particularly during periods I|ikely
reach several met ers, hi ghnkegdttiongt hper omaotuunrcae
beaches and the absence of effective coast al
However, some parts of the eastern sector a
someti mes associatedsweh hadhuamani fiinciealvebeéaol
construction of coastal defense structures.
Western Sector: Predominantly Rocky and Stab

Il n contrast, (Fheglbwedicomisi sdst drargely of rock

on
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| ow shoreline mobility over the studied peri
the i mpact of marine dynamics, resulting in
or evemwmisbent in many | ocations.

End Point Rate (EPR) phenomena in this secto
show signs of | ocal i zed reeftfreedcattw,avef taecrt i dbune
events, or natural geological faults. Overal
19923023 period.
6°15'0"E 6°30'0"E 6°45'0"E 7°0'0"E 7°15'0"E
‘~.l'hbﬁ"§‘
»‘/ >
& £
Wr“‘"“"’ﬂm&.& L 1
N,
£ E
6°15'0"E 6°30'0"E 6945'0"E 7°0'0"E 7015'"1:
Legend SCG: WGS 1984 UTM Zone 32
EPR — 0,26 - 0,47 1,23- 1,96 2,72- 3,45 0 5 10 20
— 1,01 --0,27 0,48 - 1,22 1,97 - 2,71 —— 3,46 - 4,19 T —
Fi g3 eEPR Raefmgot tshe Wil aya of Skikda bet weel
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Shorelii

Valeur EPR (m/an)

EPR (End Point Rate)

I Accrétion
BN Erosion
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Transect

Fi g eEPR Results Graph for the Wil

Resul t 8iSbdhfn atlhyes i s
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NSM (Net Shoreline Movement)

[ Accrétion
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FigateSpatial Evolution of Coast a

Il 1T hd Shoreline Evolution Forecast

Tanaltyhze potential future changes of the shor
using the Digital Shorel-yeaar Aayadlayra i fBdrSe/sd £tm
forecasts were carried out to estismdteecteadw
ti meframes. For both cases, the previously
baselines within DSAS. The primary statistic
Point Rate (EPR) and the Net Sbor a@al iqueanMo ¥
comparison of shoreline displacement between

[11.4.1 Results of the Shoreline Evolution Forecast for 10 Years
Results of the EPR analysis

|l nterpretation

Eastern Sector

I n the foredaG3is3hmevni o h3 Ryt e Zastern sect
mainly of sandy beaches, shows a continued
moderate to high Net Shoreline Movement ( NS
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(EPR) across several zones. These results po
unprotected or exposed to prevailing wave ac

The sandy composition of this sector makes i
forecasts suggest that erosion could continu
few | ocalized stretches mayzaepen] epossisbliy
sedi ment redistribution or mi nor human inte
retreat remains the dominant2G3FEngeriinod.he ea

Western Sector
Il n contrast, sthtoevnwe snamizig uscehamtr@rct eri zed by it

rocky shoreline, continues to show strong s
changes, with consistently | ow NSM values al
shoreline mobil i tyasr enmaei nrse sniesgilaingi bnaet ure of
absorbs marine energy and reduces the |ikel:i
Al t hough a few |l ocalized areas may display s
l' i kely the result of isolated influenees suc
scale geological weaknessedl yOsenmdlle, tcheasses

behavior du202n3g hihset 0lr9i9c3al peri od.
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NSM (Net Shoreline Movement)

140 [ Accrétion
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[11.4.2 Shoreline Evolution Forecast for20 Years
Results of the EPR analysis

|l nterpretation

Eastern Sector (Accelerated Erosi on)

Over -yaea2z0 hori2det8) (2@ 22 (dagtieararsh) SBeaeawdra mor e
intensi fied pattern of retreat. The maps re
values and more significant End Point Rate (
|l i kely to accelerate witrredute ad ulbstcaomeisa lmoirre
particularly al ong unagricthe cstteade ticehaecsh eod arhde «

Some areas may show signs of temporary accr

effects of | ocal protective measures, but t
eastern sector is projected tomaknhpgnue hopt
future coast al management and adaptation eff

Western SeTdarom StLaomigl i ty)
| n cont ryaesatr, ftohreec2a0st-treeimntkomabes itly¢ BF gmndeswe

2and). 3NSM values remain consistently | ow,

di spl acement, even over the extended timefra
of fer natur al pir oft lecEn wenv, e d iamd i megd uchieng er o
Where changes are projected, they remain mi
occasiord!lf est «ssmmadlle geol ogi cal variations. (
expected to maintain its current form with

204 3.
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IV..]. I ntroducti on

The vulnerability of <coast al areas to ext
Ssubmersion, is a major concern in the contex
of coast al regions. The need t oi mfnrta sctirpuacteu rt
essenti al to mitigate envi rMNunmmeernitcaall, seicnounloanii
a key role in this process by helping predi ¢
These models are geher ahley reesirgndcevied seofi
defined period, often 100 years, to optimize
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approach for analyzing and characterizing re
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ofthi s s®swdyanal yze extreme events affecting
approaches and their implications for protec

IV. Extreme Value Theory

Extreme value theory focuses on the excep
trends or estimate extreme quantiles. By def
of the distribution. Oftenyrssanhl @abeern gatoir @
understanding their distribution can be valu

Il n environment al sciences, this applies t
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IV.2.1Analysis of Wave ParametersHS, TP and D

The anal ys39 boafs eddi gounr er ecorded data from 1
significant wave height (Hs) varies between
m. The majority of recorded wave heights f al

tdn typical wave state in the region. Al t hou
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IV.3 Peaks Over Threshold (POT) Method
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Representation of the POT method on wave heights from 1992 to 2022,
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