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The western part of the bay, where coastal cliffs meet 
the sea, is less vulnerable to flooding, while the eastern part 
of the bay features the longest coastline in the study area. 

This low-lying area is particularly susceptible to flooding, 
especially following the destruction of coastal dunes for the 
construction of the Sonachetar power plant figure 7.

Fig. 6. Marine flooding map with inundation level minimum and maximum.

Table 3. Land loss due to marine flooding in 2050/2100.

Lande use
Inundated areas with 

the minimum level  
(8 m) by hectares 

Areas (%)
Inundated areas with 

the maximum level 
(9.5 m) by hectares

Areas (%)

Water (Wadi Chelif) 30.88 1.36 % 35.84 0.91 %

Forest 153.86 6.79 % 246.56 6.25 %

Agricultural area 826.60 36.47 % 1631.28 41.34 %

Urban area 364.69 16.09 % 568.70 14.41 %

Bare Ground 229.05 10.11 % 244.15 6.19 %

Rangland 661.27 29.18 % 1219.66 30.91 %

Total area 2266.35 100 % 3946.19 100 %

Fig. 7. Coastal dunes before and after the construction of the Sonakter power plant.
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5. DISCUSSION
Mapping the risk of flooding has not only aided in 

identifying and delimiting areas vulnerable to future sea-
level rise but has also facilitated the assessment of flood 
zones within the Bay of Mostaganem. Despite the significant 
variability in simulated climate scenarios and empirical 
calculations, and considering the potential impacts of sea-
level rise on the socio-economic activities in Mostaganem 
Bay, it is essential to implement an adaptation strategy (Park 
et al., 2023).

The Algerian government should prioritize adaptation 
strategies to effectively address the needs of the population, 
particularly concerning the management of natural hazards 
and forest resources. In terms of achievements, notable 
projects and plans have been developed with national 
support and in collaboration with international partners, 
focusing on local and sectoral adaptation to climate change 
(Dahlab et al., 2023).

In September 2015, Algeria submitted its Nationally 
Determined Contribution (NDC) to the UNFCCC Secretariat. 

The NDC outlines a target for a national voluntary reduction 
of greenhouse gas (GHG) emissions by 7% by 2030, based on 
a Business-as-Usual scenario. This reduction could increase to 
22% if Algeria receives international technical and financial 
support (Dahlab et al., 2023).

Algeria has developed a National Climate Plan (Plan 
National Climat), with an initial draft completed in 2012. The 
update of the plan began in 2017, and it was officially adopted 
in July 2019. This strategic document, created in partnership 
with the German Cooperation Agency (GIZ), addresses the 
main challenges Algeria faces regarding climate change 
(CC) and outlines the necessary mitigation and adaptation 
measures, particularly in vulnerable sectors such as coastal 
areas, water resources, and agriculture. The National Climate 
Plan also presents specific operational actions, along 
with proposals related to the institutional framework and 
implementation strategies (Dahlab et al., 2023).

The National Climate Plan outlines a total of 73 
actions, of which 5 priority actions have been selected for 
implementation at the regional or local level Table 4.

Table 4. The key actions of the adaptation to climate change of the national climate plan.

Action Axe

Capacity Building on Climate Change Capacity Building

Development of local CC adaptation plans City and habitat

Strengthening local participation in the planning, implementation and 
monitoring of actions related to Climate Change adaptation

Capacity Building

Establishment of Climate risk early warning systems
Capacity Building

Managing extreme climate events

Protecting maritime infrastructure from erosion (port dredging) Risk management on the coast

6. CONCLUSIONS 

This study aimed to identify and delimit areas most 

susceptible to future sea-level rise in Mostaganem Bay using 

GIS and remote sensing. The application of the Houzemans 

method for assessing the vulnerability of the Mostaganem 

coastal zone enabled the identification of areas at risk of 

marine flooding. The Digital Elevation Model (DEM) proved to 
be a valuable tool for visualizing potential flooding scenarios. 
By combining land use maps with these flood scenarios, we 
could precisely identify areas most exposed to inundation. 
The methodology used in this study can be adapted to other 
low-lying coastal regions by utilizing data on land use, DEM, 
and coastal risks.

REFERENCES
Adeniyi, M.O. (2016). The consequences of the IPCC AR5 RCPs 4.5 and 

8.5 climate change scenarios on precipitation in West Africa. 
Climatic Change, 139(2): 245-263.

Amarni, N., Fernane, L., Belkessa, R. (2021). Évaluation de la vulnérabilité 
côtière du littoral centre ouest algérien (Cherchell), sous l’angle 
de la géomatique. Geo-Eco-Marina, 27: 55-82.

Amoura, R., Dahmani, K. (2022). Visualization of the spatial extent of 
flooding expected in the coastal area of Algiers due to sea level 
rise. Horizon 2030/2100. Ocean & Coastal Management, 219: 
106041.

Bengoufa, S., Niculescu, S., Mihoubi, M.K., Belkessa, R., Rami, A., Rabehi, W., 
ABBAD, K. (2021). Machine learning and shoreline monitoring 



9Geo-Eco-Marina 30/2024

Miloud Sallaye, Yousra Salem Cherif, Abd El Alim Dahmani, Khoudir Mezouar﻿﻿﻿ – Marine flooding hazard mapping on the Mostaganem coastal zone using an empirical approach and geospatial tools

using optical satellite images: case study of the Mostaganem 
shoreline, Algeria. Journal of Applied Remote Vensing, 15(2): 
026509.

Chaib, W., Guerfi, M., Hemdane, Y. (2020). Evaluation of coastal 
vulnerability and exposure to erosion and submersion risks in 
Bou Ismail Bay (Algeria) using the coastal risk index (CRI). Arabian 
Journal of Geosciences, 13(11): 1-18.

Cherif, Y.S., Mezouar, K., Guerfi, M., Sallaye, M., Dahmani, A. (2019). 
Nearshore hydrodynamics and sediment transport processes 
along the sandy coast of Boumerdes, Algeria. Arabian Journal of 
Geosciences, 12(24): 800.

Dada, O. A., Almar, R., Oladapo, M.I. (2020). Recent coastal sea-level 
variations and flooding events in the Nigerian Transgressive 
Mud coast of Gulf of Guinea. Journal of African Earth Sciences, 
161: 103668.

Dahlab, F., Aoudjit, C., Hamdi. N. (Coordination) – Ministère de l’Environnement 
et des Energies Renouvelables (2023). Troisième Communication 
Nationale de l’Algérie à la Conventiondes Nations Unies sur le 
Changement Climatique – Algeria. National Communication 
(NC). NC 3, 227 p.

Dahmani, A., Mezouar, K., Cherif, Y.S., Sallaye, M. (2021). Coastal 
processes and nearshore hydrodynamics under high contrast 
wave exposure, Bateau-cassé and Stamboul coasts, Algiers Bay. 
Estuarine, Coastal and Shelf Science, 250: 107169.

Djalante, R. (2019). Key assessments from the IPCC special report 
on global warming of 1.5 C and the implications for the Sendai 
framework for disaster risk reduction. Progress in Disaster Science, 
1: 100001.

Fauzie, A.K. (2016). Assessment and management of coastal hazards 
due to flooding, erosion and saltwater intrusion in Karawang, 
West Java, Indonesia. Journal of Coastal Sciences, 3(2): 8-17.

Hawkes, P.J., Gonzalez-Marco, D., Sánchez-Arcilla, A., Prinos, P. (2008). 
Best practice for the estimation of extremes: A review. Journal of 
Hydraulic Research, 46(2): 324-332.

Hoozemans, F.M., Marchand, M., Pennekamp, H. (1993). Sea level rise. A 
global vulnerability assessment vulnerability assessments for 
population, coastal wetlands and rice production on a global 
scale. Second Revised Edition, Delft Hydraulics, The Netherlands, 
202 p. 

IPCC (2014). Climate Change 2014: Synthesis Report. Contribution of 
Working Groups I, II and III to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change [Core Writing Team, 
R.K. Pachauri and L.A. Meyer (Eds.)]. IPCC, Geneva, Switzerland, 
151 p.

Kaiser, M.F., Ali, W.A., El Tahan, M.K. (2019). Modeling of Coastal 
Processes in the Mediterranean Sea: A Pilot Study on the 
Entrance of Suez Canal in Egypt. In: Simão Antunes Do 
Carmo J., (Ed.). Coastal and Marine Environments – Physical 
Processes and Numerical Modelling. IntechOpen, doi:10.5772/
intechopen.88509. 

Kulkarni, R.R. (2013). Numerical Modelling of Coastal Erosion using 
MIKE21. Master Thesis, Norwegian University of Science and 
Technology, Institutt for bygg, anlegg og transport Trondheim, 
Norway, 85 p.

Mani, P., Chatterjee, C., Kumar, R. (2014). Flood hazard assessment with 
multiparameter approach derived from coupled 1D and 2D 
hydrodynamic flow model. Natural Hazards, 70(2): 1553-1574.

Dahmani, A., Mezouar, K., Cherif, Y.S., Sallaye, M. (2021). Coastal 
processes and nearshore hydrodynamics under high contrast 
wave exposure, Bateau-cassé and Stamboul coasts, Algiers Bay. 
Estuarine, Coastal and Shelf Science, 250: 107169.

Nicholls, R.J., Wong, P.P., Burkett, V., Codignotto, J.O., Hay, J., Mclean, R., 
Ragoonaden, S., Woodroffe, C., Abuodha, P.A.O., Arblaster, J., Brown, 
B.E., Forbes, D.I., Hall, J., Kovats, S., Lowe, J., Mcinnes, K., Moser, S., 
Armstrong, S., Saito, Y. (2007). Coastal systems and low-lying areas. 
In: M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden, 
Hanson, C.E. (Eds.). Climate Change 2007: Impacts, Adaptation 
and Vulnerability. Contribution of Working Group II to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate 
Change: 315-356, Cambridge University Press, Cambridge, UK. 

Park, S., Sohn, W., Piao, Y., Lee, D. (2023). Adaptation strategies for 
future coastal flooding: Performance evaluation of green and 
grey infrastructure in South Korea. Journal of Environmental 
Management, 334: 117495.

Rabehi, W., Guerfi, M., Mahi, H. (2016). Remote Sensing Data for 
Coastal Zone Vulnerability Assessment-the Bay of Algiers Case. 
In: Ouwehand, L. (Ed.). Living Planet Symposium. ESA Special 
Publication, 740: 261.

Sallaye, M., Mezouar, K., Dahmani, A., Cherif, Y.S. (2022). Coastal 
vulnerability assessment and identification of adaptation 
measures to climatechange between Cape Matifou and Cape 
Djinet. Geo-Eco-Marina, 28:181-193.

Senouci, R., Taibi, N-E., Teodoro, A.C., Duarte, L., Meddah, R.Y. (2020). 
Estimation of landslide risk map considering landslide 
vulnerability: Case of Algerian Western coasts. In: Earth Resources 
and Environmental Remote Sensing/GIS Applications XI. SPIE, 
Conference Proceedings: 181-190. 

Stigter, T.Y., Nunes, J.P., Pisani, B., Fakir, Y. Hugman, R., LI, Y., Tomé, S., Ribeiro, L., 
Samper, J., Oliveira, R., Monteiro, J.P., Silva, A., Tavares, P.C.F., Shapouri, M., 
Cancela da Fonseca, L., El Himer, H. (2014). Comparative assessment 
of climate change and its impacts on three coastal aquifers in the 
Mediterranean. Regional Environmental Change, 14: 41-56.

Taibi, S., Meddi, M., Mahé, G. (2015). Evolution des pluies extrêmes 
dans le bassin du Chéliff (Algérie) au cours des 40 dernières 
années 1971-2010. Proceedings of the International Association of 
Hydrological Sciences, 369: 175-180.

Tavares, A.O., Barros, J.L., Freire, P., Santos, P.P., Perdiz, L., Fortunato, A.B. 
(2021). A coastal flooding database from 1980 to 2018 for the 
continental Portuguese coastal zone. Applied Geography, 135: 
102534.

Walker, R.A., Basco, D.R. (2011). Application of the coastal storm 
impulse (COSI) parameter to predict coastal erosion. Coastal 
Engineering Proceedings, 32: 23-33. 

www.climateurope.eu/datasets-climatic-research-unit-cru
www.colab.research.google.com 
www.nasa.gov
www.navionics.com
www.waveclimate.com.
www.wofrance.fr




