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Abstract
Climate change and its association with sea level rise ‘SLR’ have become a true fact that 
increasingly challenge coastal zones all over the world. This study attempts to fill the lack 
of studies and assessments of the African coasts through developing a SLR vulnerability 
assessment. The study has customized coastal vulnerability index ‘CVI’ to include seven‑
teen parameters grouping in the vulnerability’s pillars: exposure, sensitivity, and resilience. 
The selected variables represent the main coastal characteristics physically and socioec‑
onomically. The study applies CVI method for the African coastal zone using GIS and 
remote sensing. However, the study has followed the case study approach on the conti‑
nental level of Africa, and the results have classified coastal areas into different degrees of 
vulnerabilities. Application of CEI equation showed that about 40% of African coast are 
ranging from moderate to very high exposure, as for the CSI equation showed that 75% of 
African coast are ranging from moderate to very high sensitivity, as for the CRI equation 
showed that 55% of African coast are ranging from moderate to very high resilience, and 
as for the CVI equation showed that 35% of the 26,000 km length of Africa’s coasts are 
vulnerable to SLR. It has been approved that deltas are the most vulnerable areas along the 
African coasts. Also, values of CVI pillars for each of these deltas showed great variation, 
which accordingly could give an indicator for adaptation and mitigation strategies of Afri‑
ca’s coasts at regional and national levels, which could be one strategy or more: protection, 
accommodation, and retreat strategies.

Keywords Sea level rise (SLR) · Coastal vulnerability index (CVI) · African coasts · 
Vulnerability pillars · African river deltas

1 Introduction

Recently, the rise in sea level has been an actual issue that threats the coastal aspects. The 
relative rate of sea level rise is not equal, as it is related to many spatial and temporal 
aspects of each coast. The sea level in southern parts of Africa is varied, the west coast 
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rises by + 1.87  mm per year (1959–2006), the south coast rises by + 1.48  mm per year 
(1957–2006), and also, the east coast rises by + 2.74 mm per year (1967–2006) (Mather 
et al. 2009). It is expected that SLR in African coasts will be increased by 10%, as an aver‑
age, over the global rise (IPCC, R5 2013). If the temperature will be raised to 4 °C, the 
SLR will be about 85–125 cm by the period 2080–2100 or it will be 60–80 cm in case of 
2 °C (IPCC, R5 2013). A huge number of the population are at a risk due to coastal flood‑
ing in Africa, which may increase from 1 million in (1990) to 70 million in (2080), and 
also, the costs of SLR adaptation could increase from 5 to 10% of GDP in African coastal 
countries (Niang‑Diop et al. 2005). African Coast represents a belt for 33 countries and 7 
islands, representing very rich habitats and important settlements, which are affected by 
the hazards of sea level rise (SLR), such as storm surge, high tidal ranges, hurricanes, and 
cyclones. Some of these hazards have generated the risk of inundation and erosion that led 
to a loss in lives and assets. The harm in socioeconomic conditions within African com‑
munities has increased their vulnerability, so, SLR future consequences would be more 
devastating.

Many approaches associated with different methods have been used to assess the coastal 
community’s vulnerability and to identify the appropriate adaptation of SLR policies and 
strategies. The assessment of coastal vulnerability based on modeling associated with GIS 
analysis has been developed to be compatible with the high dynamics of the coastal zone. 
In light of that the coastal vulnerability index (CVI) is a flexible and integrated method 
used widely to assess coastal vulnerability. Whenever CVI parameters are extracted from 
accurate statistics and maps, coastal management could be more effective in decreasing 
the existed damage and in using the potential benefits, especially in the critical areas. CVI 
is a relative dynamic approach, which preserves the parameters values and maximizes the 
profitability (Kuriqi et al. 2019). CVI can be an aggregated value or separate values, which 
can combine between many indices: exposure index, sensitivity index, and resilience index. 
It is an analytical approach to assess coastal vulnerability based on a group of different 
physical, social, and economic variables. On the other hand, physical vulnerability is more 
spread than other aspects, especially in earlier studies. Some studies based on CVI method 
had used physical variables only, such as Gornitz et  al. (1991), Gornitz et  al. (1994), 
Thieler and Hammar‑Klose (1999), Dwarakish et al. (2009), Özyurt and Ergin (2009), Pen‑
dleton et al. (2010), Kumar and Kunte (2012), Yin et al. (2012), while others considered 
the physical and human factors, such as Heberger et al. (2009), Dinh et al. (2012), Martins 
et al. (2012), and Musa et al. (2014).

2  Methodology and study area

The used method provides an initial assessment and a relative measure of the system’s vul‑
nerability to the SLR impacts at the regional scale by visualizing the coastal vulnerability 
of the study area’s cells with a specific way to be a useful adaptation tool for spatial plan‑
ning and coastal management strategies. Index‑based‑integrated studies can be adopted at 
the different disciplines and at multiscale, but it should be performed on the same coastal 
parameter’ cells (parcels resolution) to rank homogeneous vulnerable cells for each param‑
eter and to establish the real hotspot areas to finally define the priorities of intervention.

The adopted methodology of the research to assess the coastal vulnerability of the Afri‑
can coasts,  as in (Fig. 1), is based on certain tools within CVI formula to configure the 
vulnerability ranges. The research depends on empirical modeling and a relative analysis 
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approach. This study is considered as the first trial to attempt such a work, assessing vul‑
nerability at a continental scale in individual research. The used formula is a square root of 
the product mean, which is a sensitive function to any classified input (parameter). Eq. (1) 
is as Gornitz (1991) introduced, which includes the physical and socioeconomic param‑
eters 

(

x1, x2, x3 … x
n

)

 . It is gathering all vulnerability’s parameters in one aggregated value, 
which hides the actual values of the system’s exposure, sensitivity, and strength. Accord‑
ingly, it may mislead the developers or politicians when making decisions. Therefore, Dinh 
et al. (2012) developed CVI as Eq. (2) shown, where E represents the exposure parameters, 
S sensitivity parameters, and R resilience parameters. So, both equations can be combined 
in an integrated equation (Eq. (3); the used formula), where CEI: coastal exposure index, 
CSI: coastal sensitivity index, CRI: coastal resilience index. Every index will be formu‑
lated separately with the form of Eq. (1).

Therefore, the study estimates the SLR vulnerability, which is based on qualitative and 
quantitative spatial parameters that represent environmental and socioeconomic aspects. 
The study is based on multicriteria decision analysis to rank these parameters. The model 
used in this study is based on uncertainty (in model structure and parameters selection) to 
assess the coastal vulnerability pillars (exposure, sensitivity, and resilience) by using their 
dimensions. The parameters that have been selected precisely have effects on the other 
physical and socioeconomic aspects, because the selection process and ranking system can 
change the analysis outputs. The ranking system has been classified into five classes (very 
low, low, moderate, high, and very high) according to Dinh et al. (2012), Pendleton et al. 
(2010), Özyurt and Ergin (2009), Thieler and Hammar‑Klose (1999), and Gornitz (1991).

The coastal zone, affected area by marine actions, can extend from 100 to 100 km above 
low mean tide range (Christian and Mazzilli 2007). About a quarter of the world’s popula‑
tion lives within 100 km extending from the shoreline, and besides, it is predicted to be 
a half of the world’s population that will be living in this zone in the next two decades 
(Small and Nicholls, 2003). The boundary of the study area at such scale is the area within 
100 km in depth from the shoreline which is impacted by SLR threat. Africa’s coastal zone 
is encountering many marine environments (e.g., the Mediterranean and Red Sea, Atlantic, 
and the Indian Ocean). This zone has vital natural resources that have been used for many 
economic and social activities.

3  Ranking system of the selected parameters

The main research’s point is based on seventeen parameters parameterized physically 
and socioeconomically. Parameters are processed to be qualitatively and quantitatively 
ranked based on certain value range as in (Table  1). They are mapped from specific 
sources. Each parameter determines a relative vulnerability value based on the poten‑
tial risk, according to its contribution to the physical and socioeconomic changes in the 

(1)CVI =

√

(

x1 ⋅ x2 ⋅ x3 … x
n

)

∕n,

(2)CVI = (E ⋅ S)∕R,

(3)CVI = (CEI ⋅ CSI)∕CRI.
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coastal zones due to SLR. In same time, there is a variation in pillar’s groups: exposure 
parameters (topography, slope, proximity to coast, urban population percent, land cover, 
accessibility, soil type, and elements at risk indicator), sensitivity parameters (vegeta‑
tion percent, vegetation type, natural resources sensitivity indicator, and growth rate), 
parameters of adaptive capacity by human interference (human capital, financial capital, 
institutional capital, infrastructure, and household technology indicators).

Identifying the Used Method and Environment of Study

Mapping of the Ranked Parameters

Ranking of the Selected Parameters 

Assign Exposure Index Assign Sensitivity Index Assign Resilience Index 

Assign Vulnerability Degrees

Fig. 1  Methodological framework of the study

Table 1  Quantitative and qualitative ranking ranges of vulnerability parameters for the African coasts

V*: E, S, R are the parameters of the coastal vulnerability; where E is exposure, S is sensitivity, and R is 
resilience
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The ranking system based on a quantitative variation of the parameters is used in the 
case of topography, slope, proximity to the coast, urban population percent, accessibility, 
vegetation percent, growth rate, and the used indicators. The ranking system based on a 
quantitative variation of the parameters is used in the case of land cover, soil type, and 
vegetation type. The very highly vulnerable area which is based on topography parameter 
is classified as the area from the shoreline to the contour line + 5, because the DEM data 
accuracy is less than 3.7 m. The highly vulnerable area is classified as the area from + 5 to 
+ 10 m, because some parts of the sand dune belt exist in this zone that protect the inland 
areas from different SLR hazards. While the moderate areas (from + 10 to + 15 m) are clas‑
sified due to the existence of a direct impact range from the storm surges and other extreme 
coastal weathering, the low vulnerable areas (from + 15 to + 20 m) are classified due to the 
existence of the high coastal plateau in this area that protect the inland areas.

4  Mapping of vulnerability’s parameters

4.1  Mapping of the exposure parameters

4.1.1  Topography (elevation)

The topography is a dominant and main parameter used in assessing the vulnerability to 
SLR, because any area below or above mean sea level will be impacted by an inundation 
risk as a result of any rise in sea levels. The African elevations are extracted from data 
of the Shuttle Radar Topography Mission (SRTM, Feb. 2000) to provide digital elevation 
information (250 m; spatial resolution). The digital elevation model (DEM) was extracted 
by using Arc Map 10.3 software and changing its projection to the unit by meters (WGS 
1984 to World Mercator 1984). The elevation ranges have been classified into (0 to more 
than + 20  m) above sea level, which ranked as being at (Table  1). It has been mapped 
topography ranges as in (Fig. 2). It has been noticed that major coastal river deltas (e.g., 
Nile, Niger, Senegal, Zambezi Delta, and etc.) and coastal river estuaries are plain and 
low‑lying areas, which makes them susceptible to the coastal flooding due to SLR or storm 
surges. This may result in eroded beaches, especially sand beaches, and the salinity of soil 
and water (surface, ground). Egypt, Libya, and Tunis have many low‑lying areas in North 
Africa. West Africa is the most subregion that has been classified with low‑lying areas in 
coastal parts of Mauritania, Senegal, Guinea, Guiana Bissau, Benin, Solera Leone, Togo, 
Nigeria. Mozambique, Tanzania, Kenya, and Somalia have been characterized by having 
also coastal low areas in East Africa.

4.1.2  Slope

The slope is a vital indicator which means a percent of land steepness. Slopes define the 
level of penetration and inundation from the flooded water on the area. The lower slopes 
have led to an increase in the surface flow compared to the steep slopes. So, a gentle slope 
is impacting negatively when there is any rise in sea level. The slopes are calculated by 
using ArcGIS (ArcMap) with Spatial Analyst. The input raster is SRTM 250 m as a resolu‑
tion of this digital elevation model (DEM) to cover the full extent of African land. Slopes 
of African land have been classified into a range from 0% to more than 3% as shown in 
(Table 1).
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It is noticed that Egypt, Western Sahara, Senegal, Nigeria, Mozambique, and Somalia 
have gentle slopes. It has been found that 9% of Africa Land (48305617 cell) with < 0.1% 
slope (very highly vulnerable), 21% (119304790 cell) with 0.1–0.5% (highly vulnerable), 
18% (97879162 cell) with 0.5–1% slope (moderately vulnerable), 28% (154207643 cell) 
with 1–3% slope (low vulnerable), 24% (130702402 cell) with > 3% slope (very low vul‑
nerable). It has been noticed, also, that the above‑mentioned deltas have gentle slopes, 
especially the Nile and Niger Deltas, in which any small rise in the sea level can overtake a 
large area from the beach width.

4.1.3  Soil type

Particles of soil texture are classified as gravel, sand, silt, clay, and etc. The soil is divided 
into topsoil and subsoil. Mostly, the soil is a mixture of more than one type from these 

Fig. 2  Classes of risk impact by Africa elevations
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types, besides, water/air into pores and organic matter. When the surface flow (i.e., coastal 
floodwater) is inundating, it seeps into the soil, according to pore size. This process is 
called infiltration, which depends on soil texture, soil moisture content, and soil structure 
(i.e., granular, massive, and compact). The dry sand has more infiltration rate than other 
types. Infiltration is a vital process when dealing with inundation. The erosion process, by 
rain, waves, or wind, depends on slope, soil structure, and flow rate. This research focuses 
excessively on inundation process, so this parameter will have ranked upon soil texture, 
soil moisture content, and soil structure as classified in (Table  1). According to  FAO 
(2007), FAO classification of soil types in Africa, the vulnerability classes of soil param‑
eter are ranked as in (Fig. 3). The soil types have been interpreted to their main content and 
saturation percent. For instance, Lithosols have been interpreted to a coarse soil, Calcic 
Yermosols as a rock with sand and clay, Gleysols as wet soil, and Yermosols as a rock with 
sand and clay.

Fig. 3  Classes of risk impact by Africa soil type, based on FAO Soil Maps
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4.1.4  Proximity to coast

The land proximity to the coast is a serious parameter, which reflects the land expo‑
sure to SLR impacts, according to the nearness level to the shoreline. The rank has 
been as the ranges from 0 m to more than 10 km as being in (Table 1). This parameter 
is operated by using the Euclidean distance tool to African coastline in ArcMap appli‑
cation. The study has considered the distances from the shore; for example, lands that 
exist in the range < 2.5 km in depth from the coast are vulnerable to SLR impacts. The 
contour line + 1  m is the moderate SLR scenario, which can extend to 10  km as in 
Nile Delta.

4.1.5  Urban concentration percent

It describes the percentage of urban concentration according to FAO (2000). This 
parameter accounts for the human existing, especially coastal population. It has been 
ranked as being in (Table 1). It has been noticed that Nile Delta and some parts of Niger 
Delta and Zambezi Delta have major cities as shown in the classification. Egypt, Tunis, 
Algeria, Morocco, Ivory Coast, Ghana, Togo, Benin, Nigeria, South Africa, Mozam‑
bique, Kenya, Tanzania have a heavy urban population in the coastal zone compared to 
other countries in Africa.

4.1.6  Accessibility

The data describe the accessibility in Africa, which represents a travel time to major 
cities via travel means such as roads or water bodies. It represents an estimated time 
to travel to the nearest city that has 50,000 people or more in (2000). This parameter 
collects roads and urban centers in units of time and a raster grid (Nelson 2008). It has 
been classified according to the rank as being in (Table 1). It has been noticed that the 
coastal zone has high accessibility compared to the inland areas in Africa.

4.1.7  Landcover

The data describe the land cover type, based on 10 years (2001–2010) of Collection 5.1 
MCD12Q1 land cover type data. The map source is MODIS‑based Global Land Cover 
Climatology from the USGS Land Cover Institute (LCI). The land cover parameter is 
often an indicator to land existing, and it can be natural (i.e., forest, desert) or artificial 
(i.e., urban). The land cover parameter is ranked as being in (Table 1).

4.1.8  The element at risk indicator

It is generated by FAO to assign vulnerable zones to climate change impacts, such as 
SLR. This parameter describes the distribution in (2010) of the density of elements 
(i.e., people, livestock unit, or cropland) that are potentially impacted by SLR. When 
SLR stresses impact in a densely populated area, in terms of the element of risk, the 
impact is likely to be more severe than it would be in areas that have fewer elements. 
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The indicator results from three parameters: population density, livestock density (ani‑
mal’s distribution), and cropland density.

4.2  Mapping of the ranked sensitivity parameters

4.2.1  Vegetation percent

The data describe annual maximum green vegetation fraction (MGVF), based on 12 years 
(2001–2012) of Collection 5 MOD13A2 normalized difference vegetation index (NDVI) 
data. The data are sourced from the USGS Land Cover Institute (LCI). Values of vegeta‑
tion cover have been ranged from 0 to 100%, to be ranked as shown in (Fig. 4) according to 
the classification in (Table 1). It is a vital factor to land. Plant roots help the soil to be more 

Fig. 4  Classes of risk impact of vegetation percent
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fixed when facing the risk of erosion. So, it is the first natural defense. Also, green areas 
are considered as a vital element group in the environmental sensitivity for the context of 
urban areas. In case of flooding, it will be a lost value according to the vegetation density.

4.2.2  Vegetation type

It focuses on the spatial distribution of vegetation types in Africa, which includes 80 veg‑
etation types and mosaics in Africa. The data resource is from LCI. It has been ranked as 
shown in (Fig. 5), according to classification as shown in (Table 1). The vegetation type is 
an integrated factor to the vegetation percent due to many reasons. Ranged according to 
the parameter of vegetation percent alone could be a deceiving parameter, because it does 
not concern with the vegetation type value; for instance, a small area of forest land is more 
eco‑value than a huge land of traditional shrubs.

Fig. 5  Classes of risk impact by vegetation type
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4.2.3  Natural resources sensitivity indicator

The parameter symbolizes the ecosystem vitality and the degree of conservation in (2010). 
Deforestation and loss of water resources quality may render certain areas to be more sen‑
sitive to SLR stressors on account of the loss of normal vegetation cover, the depletion of 
biodiversity, the reduction in ecosystem services, and significant loss of beneficial assets. 
The indicator results from five variables: water availability per capita (sum of the runoff 
and discharge grids divided by the population), net primary production (primary produc‑
tion as natural resources for local people), forest accessibility (the result measures the dis‑
tance in minutes between forest and cities from the grid of travel distance in minutes to 
large cities and the grid of forest occurrence), vegetation continuity (vegetation concentra‑
tion as a resources for local people), and climatic resources availability (climatic potential 
for biomass production). The indicator connects the human factors to the ecological values 
and the exposure range of natural resources to human impacts. It has been developed by 
the FAO project in (2014) based on data from (2010). It has been classified as in (Table 1).

4.2.4  Growth rate

The population growth affects the environment in various ways, such as highly popu‑
lated areas that face greater environmental challenges (UNFPA 2009). A high population 
growth rate will increase the future number of people likely to be affected by impacts of 
SLR; therefore, the areas with lower growth rates will have less vulnerability compared 
with those having higher growth rates. It has been classified as being in (Table 1). Egypt, 
Senegal, Benin, Angola, and Tanzania have high national growth rates compared to other 
coastal countries.

4.3  Mapping of the ranked resilience parameters

4.3.1  Human capital indicator

The indicator describes the social and wellbeing ways that determine the potential adaptive 
capacity degree of a particular unit of analysis in (2010) by the FAO project in (2014). It is 
linked to the health and educational conditions of the analyzed communities. It is a com‑
bination of three variables: public health (against certain diseases), motherhood and child‑
hood health, and the education indicator (including adult literacy, primary gross enrolment, 
HIV prevalence). It has been classified according to classification in (Table 1). It is very 
obvious from the map that North and South Africa are low vulnerable due to the increased 
rate of education and health there. The other parts, such as most parts in Mozambique, 
Somalia, Angola, and Guinea, are highly vulnerable due to decrease in the rate of educa‑
tion and health.

4.3.2  Financial capital indicator

The variable represents the economic means that determine the potential adaptive 
capacity degree of a particular unit of analysis in (2010) by the FAO project in (2014). 
It is linked to the richness and the attained degree of economic development of a certain 
population. It is a combination of two variables: the financial development indicator 
(investment, saving, and global commerce) and the richness indicator (GDP, agriculture 
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GDP per worker, market accessibility, poverty). It has been classified according to the 
classification in (Table 1). It has been noticed that some parts of North Africa, such as 
most parts of Egypt, are low vulnerable due to heavy investment, but most parts in East 
and west of Africa are very vulnerable due to decreased investment.

4.3.3  Institutional capital indicator

The variable relates to the management means that determine the potential adaptive 
capacity degree of a particular governance institution in (2010) by the FAO project. It is 
linked to the governance capacity and behavior, the tendency to conflict, and the ability 
to manage the environmental issue of a certain governmental institution. It is a com‑
bination of three variables: the governance indicator (wideness to external assistance, 
quality of regulation, government effectiveness, voice, and accountability, failed state, 
perceived corruption, and crime rate), conflictuality indicator (distance from conflict 
events and conflict events density), and the environmental management indicator. It has 
been classified, according to specific classification as shown in (Table 1). It has been 
noticed that some parts in Morocco, Tunisia, and South Africa are low vulnerable due 
to low conflict and strong government, but some parts in Somalia, Serie Leone, Liberia, 
Sudan, Eretria, Nigeria, Congo, Zaire, Angola are highly vulnerable due to conflicts and 
wars.

4.3.4  Infrastructure Indicator

The variable describes the degree of development of physical facilities and networks in 
a certain area in (2010) by the FAO project. The quality of infrastructure is an important 
measure of the relative adaptive capacity of a region. Moreover, regions with developed 
infrastructure systems are assumed to be better able to adapt to SLR impacts. The param‑
eter is exposed to the density and availability of roads, and infrastructure poverty (infra‑
structure network for local people). It is an indicator of the infrastructure development 
degree. It has been classified, according to specific criterium shown in (Table 1). It has 
been noticed that some parts in North, East and West Africa are highly vulnerable due to 
lack in the infrastructure element.

4.3.5  Household technology indicator

The indicator refers to daily necessity technology in (2010) by the FAO project. The high 
rate of technology is an indicator of the high quality of life, and thus, it raises the capacity 
to cope and face the impacts as in North and South Africa (Jahn et al. 2006). The indica‑
tor includes four variables: access to an improved water source: 20  L a person per day 
from a source within 1 km to user’s dwelling (i.e., household connections, public stand‑
pipes, boreholes, protected dug wells, protected springs, and rainwater collection), access 
to improved sanitation facilities (i.e., comprise flush toilets, piped sewer systems, septic 
tanks, flush/pour flush to pit latrines, ventilated improved pit latrines, pit latrines with slab 
and composting toilets), electrification rate/percent and average of mobile phone subscrip‑
tions. It is classified as shown in (Table 1).
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5  Results and discussion

The selected parameters to assess the coastal vulnerability to SLR consequences on the Afri‑
can coasts reflect the spatial circumstances related to the natural and built environment there. 
They have been ranked to be processed into a simple CVI equation that represents the results 
in the ArcGIS environment, which could be mapping and combining layers of the selected 
variables. The study is considered a vulnerability model to assess the SLR vulnerability 
degrees according to the studied variables. This model is used as an approach for coastal man‑
agement due to an existence of uncertain changes, which could be accelerated in the coming 
years. Therefore, it had been developed the model to determine high‑vulnerable areas (hotspot 
areas) in the coastal zone of Africa, which allows for the decision‑makers to manage the risk 
by the preadaptation process.

Fig. 6  CEI to SLR impact for African countries
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The method includes numerous and various parameters, which represent the natural, social, 
and economic aspects of the African coast. The parameters are categorized into three groups: 
exposure, sensitivity, and resilience. They have been classified into five vulnerability classes 
(very low, low, moderate, high, and very high) based on certain ranges. The results give the 
following vulnerability ranges: < 64 (very low), 65–230 (low), 240–420 (moderate), 430–740 
(high), and 750–8200 (very high). These five classes have been classified by using the clas‑
sification of the natural break (Jenks classification in ArcMap) to the results layer. It has been 
found that very high vulnerability (red cells) and high vulnerability (orange cells) are in most 
coastal parts of East and West Africa.

From (Fig. 6), very highly exposed areas to SLR impacts exist along the Nile Delta coast 
due to the existence of very low‑lying areas with gentle slopes compared to other areas in 
the African coasts. Also, the exposed areas to SLR that ranged from the moderate degree to 
the high degree are along the coasts of the Tunisia, Algeria, Morocco, Senegal, Benin, Togo, 

Fig. 7  CSI to SLR impact for African countries
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Ghana, Ivory Coast, Liberia, Sierra Leone, Guinea Bissau, Nigeria, Kenya, the south of Soma‑
lia, and the northwest of Libya. Most of these mentioned areas have a heavy network of urban 
areas, activities, and ecosystems.

From (Fig. 7), very highly sensitive areas to SLR impacts are along the coasts of the Nile 
Delta, Algeria, Senegal, Togo, Benin, Angola, Mozambique, Tanzania, and southern Somalia. 
The high sensitivity of these areas is due to the existence of a vital fauna and flora cover that 
had been highly decreased.

From (Fig. 8), very low and low resilient areas are Somalia, Eretria, Mozambique, Angola, 
Zaire, and Liberia, because these areas have inadequate services, weak governance, bad econ‑
omy, poor technology, and political conflict.

Fig. 8  CRI to SLR impact for African countries



 S. El-Shahat et al.

1 3

From (Fig.  9), due to high exposure and sensitivity, very highly and highly vulnerable 
areas exist along the coasts of Southern Somalia, Zambezi Delta (in Mozambique), Togo, and 
Benin. Moderate vulnerable areas exist in some coastal parts in Kenya, Tanzania, Mozam‑
bique, Angola, Zaire, Cameroon, Nigeria, Ivory Coast, Liberia, Sierra Leone, Guinea, and 
Senegal. It is found that North Africa region has very high resilience, which increase its recov‑
ery or strength against the factors of exposure and sensitivity to SLR impacts in the coastal 
parts, as what happens already in the Nile Delta or the north of Algeria.

Fig. 9  CVI to SLR impact for African countries



Vulnerability assessment of African coasts to sea level rise…

1 3

6  Conclusion

The developed coastal vulnerability index could be a powerful decision support tool 
that informs and advises when formulating the strategies of the SLR adaptation and 
mitigation for the African coast at the regional and national levels. However, the final 
CVI value helps in setting the priorities of actions, the in‑depth sight in CVI pillars (i.e., 
exposure, sensitivity, and resilience) and their included parameters could highly support 
in choosing the most suitable adaptation strategies. Application of CEI equation showed 
that about 40% of African coast are ranging from moderate to very high exposure, as for 
the CSI equation showed that 75% of African coast are ranging from moderate to very 
high sensitivity, as for the CRI equation showed that 55% of African coast are ranging 
from moderate to very high resilience, and as for the CVI equation showed that 35% of 
the 26,000 km length of Africa’s coasts are vulnerable to SLR. While North Africa is 
highly exposed and highly sensitive to SLR impacts, it is low vulnerable due to its high 
resilience against the SLR hazards. On the other hand, the results have approved that 
most river deltas are the most vulnerable areas along the African coast due to a high rate 
of exposure or/and sensitivity factors associated with a low rate of resilience. The fol‑
lowing coastal areas were highlighted as very highly or highly vulnerable areas: South 
Somalia, Zambezi Delta, Togo, and Benin. Moreover, due to variation in the rated value 
of exposure and sensitivity factors, moderate vulnerable areas exist in some coastal 
parts in Kenya, Tanzania, Mozambique, Angola, Zaire, Cameroon, Nigeria, Ivory Coast, 
Liberia, Sierra Leone, Guinea, and Senegal. Therefore, to decrease the vulnerability 
degree in the Coastal African Communities, it should be decreasing the exposure and 
sensitivity criteria in these communities to the hazards, especially SLR, and, it should 
be increasing the resilience criteria. The increase in technology, income, education, 
health, housing, resources diversity, good management, and social participation, will 
increase the resilience range to cope with environmental and socioeconomic hazards in 
these communities.

SLR hazards on the coastal sectors have increased the pressure on the local authority 
to manage the risk, especially in the absence of knowledge and finance, as happened in 
Africa. The potential SLR mitigation/adaptation programs and mechanisms will lead to 
preventing or limiting the SLR hazards on the coastal zone of Africa. The adaptation strat‑
egies to SLR are many: protection, accommodation, and retreat strategy. Also, merging 
SLR potential responses with other programs and activities could improve the living state 
of the people there.
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