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ABOUT THIS SERIES  

ABOUT THE STUDIES ON  CLIMATE CHANGE VULNE RABILITY AND 

ADAPTATION IN WEST A FRICA  

This document is part of a series of studies produced by the African and Latin American Resilience to 

Climate Change (ARCC) project that addresses adaptation to climate change in West Africa. Within the 

ARCC West Africa studies, this document is part of the subseries Climate Change and Water 

Resources in West Africa. ARCC has also developed a subseries on Agricultural Adaptation to Climate 

Change in the Sahel, Climate Change and Conflict in West Africa, and Climate Change in Mali.  

THE SUB SERIES ON CLIMATE CH ANG E AND WATER  

Upon the request of the United States Agency for International Development (USAID), ARCC 

undertook the West Africa water studies to increase understanding of the potential impacts of climate 

change on water resources in West Africa and to identify means to support adaptation to these changes. 

Other documents in the Climate Change and Water Resources in West Africa series include 

Transboundary River Basins, Coastal Biophysical and Institutional Analysis, and An Assessment of 

Groundwater Management.  
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1.0  INTRODUCTION 

Spatial vulnerability assessments are useful tools for understanding patterns of vulnerability and risk to 

climate change at multiple scales (de Sherbinin, 2014). The demand for vulnerability maps among 

development agencies and governments is increasing as greater emphasis is placed on scientifically sound 

methods for targeting adaptation assistance. Such mapping is useful because climate variability and 

extremes, the sensitivity of populations and systems to climatic stressors, and adaptive/coping capacities 

are all spatially differentiated. The interplay of these factors produces different patterns of vulnerability.  

This climate vulnerability mapping study seeks to illuminate some of the economic, social, and natural 

systems in West Africa that will be exposed to future sea-level rise, storm surge, and riparian floods. It 

covers the Guinea Current countries, extending from Guinea-Bissau in the northwest to Cameroon in 

the southeast. The combined population of all 10 countries is 265 million people. Seven percent of that 

population, or 19 million people, lives in the low-elevation coastal zone (LECZ) of less than 10 meters 

above mean sea level (Center for International Earth Science Information Network [CIESIN], 2013), and 

that number is growing rapidly owing to in-migration and high fertility. Although there have been Africa-

wide assessments of the likely impacts of sea-level rise and storm surge on coastal areas (Hinkel et al., 

2012; Brown et al., 2011), and broader vulnerability mapping has been conducted for the continent 

(López-Carr et al., 2014; Busby et al., 2013; Thornton et al., 2008), to date there has been no focused 

assessment on the likely exposure of different systems to seaward stressors among the Guinea Current 

countries. This report seeks to bridge that gap. Although all 10 countries are exposed to seaward 

impacts, the coastal fringe from Côte dõIvoire to Nigeria is a relatively low-lying region of rapid 

population growth and intense economic development and, as such, is particularly vulnerable to future 

surge and sea-level-rise impacts. This mapping study is intended to support the programming and 

priority-setting of the United States Agency for International Development (USAID) as well as other 

stakeholders, such as the Interim Guinea Current Commission. 

In this study, the coastal zone is defined as a 200 kilometer strip from the coastline inland. The areas 

covered are somewhat larger than what might normally be construed as òcoastal,ó but we have included 

a larger area in recognition of the fact that the economic impacts of climate change in the coastal zone 

will not be confined to the coastline itself, but will extend further inland. This is especially the case if one 

considers not only direct impacts but also secondary impacts on livelihoods and economies tied to 

coastal cities. Almost half of the regionõs populationñ124 million peopleñlive in this 200 kilometer 

strip (CIESIN, 2012). We used best available data on coastal elevationñthe Altimeter Corrected 

Elevations 2 (ACE2) data set described belowñand flood risk to identify areas at potential risk of 

inundation from sea-level rise, surge, or river-bank flooding. In the absence of more detailed modeling 

studies of surge risk and likely future relative changes in sea level for coastal West Africa, we define the 

areas at risk of sea-level rise and storm surge as being in LECZ bands of 0ð5, 5ð10, and 10ð20 meters 

above mean sea level.1 Although global mean sea-level rise by the end of this century is predicted to 

range from 0.3ð1.2 meters depending on the rate of warming and the response of ice sheets (Kopp et 

al., 2014), storm surge can greatly expand the area affected by seaward impacts. The region already faces 

                                                

1  For the large-format poster maps that are associated with this report, we expanded the number of LECZ bands to 0ð2, 2ð

4, 4ð6, 6ð10, and 10ð20 meters above mean sea level. For the smaller map scales used in this report, a high number of 

narrow bands could not be depicted in such a way as to be interpretable without magnification. 
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storm surges with high winds and intense wave action resulting in coastal erosion (Niang, 2012; 

Appeaning Addo, 2013), and this pattern is likely to increase and perhaps intensify as a result of higher 

sea surface temperatures (Emanuel, 2005). For this reason, and because a 1 meter sea-level rise band 

would be difficult to represent cartographically in a regional map, we consider elevation bands up to 20 

meters above mean sea level. 

We created two composite indices (one representing social vulnerability and another representing 

economic systems), projected the population of the region to 2050, and examined the natural systems 

that will be exposed. This report includes a brief review of coastal-climate exposure and the data 

available to measure it (Section 2.0), and then proceeds to a broader description of data and methods 

for the exposed systems (Section 3.0) followed by results (Section 4.0). Section 5.0 provides overall 

conclusions. Data descriptions (map metadata) for each of the data sets used in this study are provided 

in Annex 1. A glossary of technical terminology is included before the reference section, and terms that 

are included are in bold text. 
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2.0  COASTAL EXPOSURE 

REVIEW 

In this section, we describe commonly used methods for assessing coastal vulnerability and available 

data, providing a rationale for our approach to measuring seaward stressors on land-based coastal 

populations and systems. 

A high percentage of West Africaõs population is concentrated in coastal cities vulnerable to sea-level 

rise, and the Intergovernmental Panel on Climate Change (IPCC) estimates that by 2020, more than 50 

million people will inhabit the coast from the Niger Delta in Nigeria to Ghanaõs capital city, Accra (Joiner 

et al., 2012). Table 2.1 from the IPCC Fourth Assessment Report chapter on coastal systems and low-

lying areas (Nicholls et al., 2007) summarizes the primary coastal stressors that operate globally. Most of 

these stressors operate to some degree in the West Africa context, although the region is not affected 

by the kind of cyclonic activity that generates the highest wind speeds and storm surges. Though 

included in Table 2.1, we do not address the impacts of ocean temperature and acidification on fisheries 

in this study.  

TABLE 2.1: MAIN CLIMATE DRIVERS  FOR COASTAL SYSTEMS  

Includes trends due to climate change, and their main physical and ecosystem effects  

(Trend: ŷ = increase; ? = uncertain; R = regional variability) 

 
Source: Nicholls et al., 2007 

One of the consequences of temperature increases associated with climate change is sea-level rise 

(SLR). Relative SLR will vary globally based on a number of factors. The factors most directly associated 

with climate change are the melting of ice caps and glaciers (or òeustaticó sea-level rise) and thermal 

expansion  of the oceans (or òstericó sea-level rise). Tectonic and crustal activity can lead to 

subsidence (or òisostaticó sea-level rise) and lifting of land masses in the coastal zone.2 Subsidence can 

                                                

2  Uplift occurs in areas where land masses are colliding (e.g., the eastern Pacific Rim) or in high-latitude areas affected by 
glaciation, where land masses are still rebounding after the retreat of the ice sheets. West Africa is not a region with high 

levels of uplift. 
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also be affected by processes such as the extraction of water and resources such as gas and oil, soil 

compaction, and the deprivation in delta areas of sediment that is trapped by upstream dams 

(Vorosmarty et al., 2009). The Niger Delta, for example, is affected by all of these factors, and studies at 

one site found rates of subsidence of 2.5cm per year (Ibe, 1996).  

Global mean sea level has already risen from 1901 to 2010 by 0.19 meters (IPCC, 2013). Table 2.2 

shows the projected sea-level rise for the mid- and late-21st century according to the IPCC Fifth 

Assessment Report. These are in the range of 0.4 to 0.63 meters by the end of the century, depending 

on the emissions scenario. Note that more extreme scenarios of up to 2 meters of SLR by the end of 

this century are conceivable should there be an abrupt increase in the rate of ice-sheet loss in the West 

Antarctic and Greenland (Pfeffer et al., 2008), and should all ice sheets eventually melt, the total SLR 

would be approximately 68 meters (National Geographic, 2013). More recent estimates by Kopp et al. 

(2014) suggest a range of global mean sea-level rise of 0.3ð1.2 meters, depending on the rate of warming 

and the response of ice sheets. 

TABLE 2.2: PROJECTED CHANGE IN GLOBAL MEAN TEMPERATURE  AND SLR 

 
Source: IPCC, 2013ðTable SPM.2 

Accelerated SLR represents a significant planning and management challenge to coastal nations, 

especially in developing countries where vulnerability is high, adaptation options are limited, and spatial 

data and information are limited for planning purposes (Brown et al., 2014). SLR has resulted in 

increased erosion and inundation of vulnerable areas, which threaten coastal life and property. Sea levels 

are expected to rise around Africa, and impacts include flooding, saltwater intrusion, loss of beaches and 

recreational activities including tourism, loss of infrastructure, and changes to river flows and outputs on 

the coast. In Africa, data are generally missing on the present rates of sea-level change, coastal 

geomorphology, and socioeconomic trends (Hinkel et al., 2012). Basic data on coastal topography are 

available through publicly accessible global data sets such as the National Aeronautics and Space 

Administration (NASA) Shuttle Radar Topography Mission (SRTM) global digi tal elevation model  

(DEM) (90 meter resolution); the European Space Agency ACE2 data set (which merges SRTM with 

Satellite Radar Altimetry) (90 meter resolution) (Berry et al., 2008); and the Advanced Spaceborne 

Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model (GDEM) (15 

meter resolution). It should be emphasized that all global DEMs are of limited accuracy. LIDAR data are 

most accurate but are not available over large areas of the world, and especially in West Africa. In our 

assessment, ACE2 has the advantage over SRTM and ASTER GDEM of accurately returning ground 

values in areas of dense forest cover such as mangroves; for this reason and based on comparisons with 

SRTM that showed that ACE2 consistently returned slightly lower elevations, we chose to use this data 

set for this study.  
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In addition to sea-level rise, storm surge is another important factor in coastal vulnerability. The 

measurement and recording of the spatial extent and height reached by coastal storm surges is required 

for better prediction and assessment of coastal risk. To date, there has been little mapping of storm 

surge in West Africa, but a method developed by Brakenridege et al. (2013) using NASA Moderate 

Resolution Imaging Spectrometer (MODIS) sensors to measure the areal extent of land inundation 

caused by storms surges could be useful for future monitoring. However, while MODIS operates in 

òalways-onó mode and provides 250 meter resolution over much of the Earthõs surface, monitoring is 

much more difficult in regions such as coastal West Africa with high cloud cover. We examined the 

Dartmouth Flood Observatory (DFO) data for West Africa, but could not find data that would provide 

evidence of storm-surge risk, since the imagery would also need to be collected coincident with known 

surge events. 

Several tools and approaches address SLR and storm surge in the coastal zone. Here we focus on two 

commonly used ones that also have been applied in Africa: the Coastal Vulnerability Index (CVI) and the 

Dynamic Interactive Vulnerability Assessment (DIVA) model. The CVI is a simple method to assess 

coastal vulnerability to SLR and surge (Gornitz et al., 1994), providing a numerical basis for ranking 

sections of coastline based on potential change as a result of several factors, including SLR, geology, 

wave action, and geomorphology (Gornitz et al., 1991). A vulnerable coastline is characterized by low 

coastal relief, subsidence, extensive shoreline retreat, and high wave/tide energies. In a study assessing 

Accraõs coastal vulnerability to climate change, local data sets were used to generate a CVI, and it was 

found that the risk level for the entire coast can be categorized as moderate (Appeaning Addo, 2013). 

Ramieri et al. (2011) assess a number of coastal impact assessment models, including DIVA, Simulator of 

Climate Change Risks and Adaptation Initiatives (SimCLIM), Regional Impact Simulator (GegIS), and 

Delft3D. To our knowledge, DIVA is the only model that has been applied in West Africa to date. Using 

DIVA, Hinkel et al. (2012) conducted a quantitative assessment of the potential SLR impacts at 

continental and national scales with the goal of determining the biophysical and socioeconomic 

consequences of SLR and socioeconomic development. DIVA is based on a data model that divides the 

worldõs coast into 12,148 variable-length coastal segments and associates up to 100 data values with 

each segment. It combines global SLR due to warming with estimates of local vertical land movement to 

determine relative SLR. Based on the relative SLR, DIVA assesses three types of biophysical impacts: 1) 

dry land loss due to coastal erosion, 2) coastal flooding, and 3) salinity intrusion in deltas and estuaries. 

Given certain flood extents, land elevations, population densities, the existence of dikes, and relative sea 

level, the expected number of people flooded annually is estimated over time. In a similar way, the 

expected monetary value of damage caused by sea and river floods is estimated based on a damage 

function. DIVA can be run with or without applying adaptation options. In the results, Nigeria, Guinea-

Bissau, Guinea, Benin, Ghana, Sierra Leone, Gambia, Liberia, Cameroon, and Côte dõIvoire are ranked 

among the top 15 most-vulnerable countries in Africa (Hinkel et al., 2012).  

Although the DIVA model is a useful tool for coastal vulnerability impact assessments at the global, 

regional, and national levels, since the average coastal segment is approximately 70 kilometers in length, 

it cannot accurately capture more localized dynamics (Ramieri et al., 2011). Furthermore, the DIVA 

model is no longer publicly accessible, and inquiries with the model developer were not answered. 

However, we did obtain DIVA storm-surge and SLR outputs from Dasgupta et al. (2009) and we 

compared the outputs with ACE2. We opted to use ACE2 data because DIVA results were based on 

the older SRTM data that show higher elevations than ACE2 in many forested coastal areas.  

Although we focus mainly on seaward (coastal) hazards, we also address flood risk, since it can often 

occur in areas that are simultaneously affected by storm surge associated with tropical storms and it is 

relevant to social and economic impacts within a 200-kilometer buffer inland from the coastline. Floods 

may result when extreme precipitation events cause rivers and water bodies to overflow their banks, or 
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when low-lying areas with poor drainage are inundated. River-bank flooding in the immediate coastal 

zone may be accompanied by storm surge, which backs up river flow and can be exacerbated by SLR.  

Flood risk is an issue in many coastal areas of West Africa and particularly affects urban areas (Dickson 

et al., 2012; Guinea Current Large Marine Ecosystem Project [GCLME], 2010; Douglas et al., 2008; 

ActionAid, 2006). In 2009, many West African cities experienced torrential rains that caused loss of life 

and the destruction of important socioeconomic infrastructure (GCLME, 2010). In Nigeria, floods 

represent a major issue for urban areas due to the low-lying topography, limited capacity of drainage 

systems, and blockage of waterways and drainage channels (Adeoye et al., 2009). The frequency and 

magnitude of urban flooding and its impacts have more than doubled in recent time, owing to population 

growth and settlement in flood-prone areas (e.g., Agbola and Agunbiade, 2009) and the more intense 

and frequent rainstorms potentially associated with climate change. For example, in a flood impact 

assessment in Nigeria, Adeoye et al. (2009) determined that the impacts of floods have increased from 

significant to threatening during the past three decades, based on flood records from the National 

Emergency Management Agency (NEMA) and records of flood events recorded in Nigerian newspapers.  

The DFO has compiled and continuously updates a global archive of large flood events collected from 

news, governmental, instrumental, and remote-sensing sources. The archive includes: 1) an online table 

of recent events only; 2) Excel files for all events from 1985 to present; and 3) Geographic 

Information System ( GIS) file sets that provide flood catalog numbers and area-affected map 

outlines. It includes the archive data and images for each flood event from the NASA MODIS sensor. 

The DFOõs World Atlas of Flood Hazard, which is presently viewable online by selecting a 10Áx10Á tile, 

provides a visual representation of present and past flood events around the globe. However, cloud 

cover and other imaging constraints sometimes restrict the ability to capture peak inundation 

(Brakenridge et al., n.d.), a problem particularly significant along the West African coast. Another data 

source for assessing global flood hazard, the Global Estimated Risk Index for Flood Hazard developed by 

the United Nations Environment Programme (UNEP)/Global Resource Information Database/Europe for 

the Global Assessment Report (GAR), is built upon satellite data from DFO as well as hydrological 

models and records of extreme rainfall events (UNEP/United Nations International Strategy for Disaster 

Reduction [UNISDR], 2013). This data set is modeled and only available at a relatively coarse spatial 

resolution, and hence only approximates the degree of risk in any given location. It is the only available 

data set, thus we chose to use it to represent the relative risk of riparian areas to flood hazards.  

Map metadata for each of the data layers included in the exposure component is found in Annex 1, 

Section A-I.1. For those interested in further exploration of data and methods in coastal vulnerability 

assessment, Ramieri et al. (2011) provide a useful review of a range of models and methods, and 

Newton and Weichselgarnter (2014) and Maloney and Preston (2014) provide recent assessments that 

showcase evolving methods.  
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3.0  DATA AND METHODS 

In the previous section, we described the data sets and modeling methods that have been commonly 

used to assess exposure to seaward hazards, providing the rationale for the exposure data sets we 

chose to use for this study. In this section, we cover the data and methods used to create two spatial 

indices, the social vulnerability index and economic system index, as well as the data layers used in the 

assessment of natural systems. The spatial indices converted indicators from raw values to indices on a 

0ð100 scale, where 100 equals higher levels of social vulnerability and economic exposure, respectively. 

Our approach is framed by the IPCC Special Report on Extreme Events (SREX) conceptual framework, 

which construes risk as emanating from the spatial intersection of exposure to extreme events and 

vulnerable systems (IPCC 2012).  

 

3.1  SOCIAL VULNERABILITY   

Social vulnerability is variously defined in the literature (Parry et al., 2007; OõBrien et al. 2007), and a 

range of spatial indices have been created to represent differential patterns of vulnerability (de Sherbinin, 

2014; Fekete, 2012; Cutter et al., 2003). Each definition and approach has different purposes. Our 

primary purpose was to create a Social Vulnerability Index (SVI) that would begin to represent the 

population exposure to coastal impacts as well as the poverty, education, and conflict levels that might 

indicate higher levels of òdefenselessness.ó A list of indicators included in this index is found in Table 3.1. 

(Many other indicators could have been used, but we chose only those indicators for which we had 

data.) Full metadata are found in Annex 1 (Section A1.2). High values on the raw scale for each of the 

indicators (except for maternal education, which was inverted) result in higher vulnerability scores on 

the 0ð100 scale. Histograms of the data distributions and the indicator values are available in Section 

A1.2. For selected indicators, such as population density, we trimmed the tails (winsorized) at the high 

end of the scale. Where data are skewed, winsorization ensures a greater spread in the distribution of 

the transformed indicator, which is important for index construction (Organization for Economic 

Cooperation and Development [OECD], 2008). The indicators were combined in a weighted average to 

produce the overall SVI; all indicators were assigned a weight of 1, except maternal education levels 

(MEDUC), which was assigned a weight of 2. The reasons for this were 1) conceptually, maternal 

education is an important factor in adaptive capacity (Muttarak and Lutz, 2014); and 2) the indicator was 

derived from a spatial interpolation of Demographic and Health Survey (DHS) cluster-level values, and 

thus has a higher spatial resolution than the poverty indicator (POV). POV is reported at a mix of 

country-level and subnational units, whereas MEDUC is based on a spatially interpolated mesh of survey 

cluster points, better pinpointing areas of highest social vulnerability. 

TABLE 3.1: SOCIAL VULNERABILITY  INDICATORS  

Indicator Code  Indicator  Date or Date Range  

POP Population density 2010 

POPG Population growth 2000ð2010 

POV Subnational poverty and extreme poverty 2005 

MEDUC Maternal education levels circa 2008 

MARK Market accessibility (travel time to markets) circa 2000 

CONF Conflict data for political violence 1997ð2013 
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Because areas of high population density and growth (high exposure, leading to higher vulnerability) are 

generally associated with urban areas that have lower levels of poverty and higher degrees of adaptive 

capacity (low vulnerability), to some degree the population factors cancel out the poverty and adaptive 

capacity indicators. This is the issue of òcompensabilityó ñ i.e., the way in which a high score on one 

indicator offsets a low score on another (German Federal Ministry for Economic Cooperation and 

Development [BMZ], 2014; OECD, 2008). To account for this, we created two sub-indices, a Population 

Exposure Index (PEI), which only includes population density (POP) and population growth (POPG); and 

a Poverty and Adaptive Capacity Index (PACI), which will be composed of subnational poverty (POV), 

maternal education levels (MEDUC), market accessibility (MARK), and conflict (CONF). These sub-

indices allow us to isolate the population indicators from the poverty and conflict metrics.  

3.2  ECONOMIC SYSTEM S  

For the Economic Systems Index (ESI), our primary purpose was to create an index that would begin to 

show relative levels of economic activity that could be exposed to seaward hazards. The indicators 

included in this index are found in Table 3.2. (In this case too, many other indicators could have been 

used, but we chose only those indicators for which we had data.) Map metadata for each of the data 

layers included in this component is found in Annex 1, Section A-1.3. For crops, we focused primarily on 

higher-value export crops rather than on grains. For each of the indicators, high values on the raw scale 

result in higher ESI scores on the 0ð100 scale. Histograms of the data distributions and the indicator 

values are available in Annex 1, Section A-1.3. For most of the indicators, we trimmed the tails 

(winsorized) at the high end of the scale. The indicators were combined in an unweighted average to 

produce the overall ESI.  

TABLE 3.2: ECONOMIC SYSTEM INDI CATORS  

Indicator Code  Indicator  Date or Date Range  

GDP Gross Domestic Product (gridded) 2010 

URBN Urban, built-up areas 2010 

CROPS Cocoa, coconut, palm oil, rubber, and banana 

production (metric tons) 

2000 

In addition to the ESI, we overlaid urban, built-up areas and the West Africa road network with the 

LECZ and flood-risk layers to assess urban areas and road networks at potential risk of flooding (see 

Section 4.0 for results).  

3.3  NATURAL  SYSTEMS 

For natural systems, we were interested in: 

¶ The intersection of seaward hazards with mangrove forests (Giri et al., 2010);  

¶ Forest-cover loss from 2000 to 2012 (Hansen et al., 2013);  

¶ Wetlands from the Global Lakes and Wetlands Database (GLWD): Lakes and Wetlands Grid 

(World Wide Fund for Nature [WWF] and the Center for Environmental Systems Research, 

University of Kassel [CESR], 2004); and  

¶ Threatened mammals, amphibians, and birds based on the International Union for Conservation of 

Nature (IUCN) Red List database.  

For this mapping exercise, we included all IUCN Red List threat categories: critically endangered, 

endangered, and vulnerable. The wetlands map also includes protected areas information from the 
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World Database of Protected Areas (WDPA) (World Conservation Monitoring Center of the United 

Nations Environment Programme [UNEP-WCMC], 2013). 

We did not create an index for natural systems since there was no logical way to do so. Map metadata 

for each of the data layers included in this component is found in Annex 1, Section A-1.4.  
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4.0  RESULTS 

4.1  SOCIAL VULNERABILITY  

There are a number of areas that appear to experience high social vulnerability. Figure 4.1 shows results 

for the SVI overlaid with the 0ð20 m LECZ. A combination of high population density, high population 

growth, and conflict make the Niger Delta and Lagos a òhotspotó of vulnerability in the LECZ. Abidjan 

also appears as a hotspot, though the political violence there has largely subsided since 2011. Other high 

vulnerability areas on the coast include Conakry (Guinea), Freetown (Sierra Leone), Accra and Cape 

Coast (Ghana), Cotonou (Benin), and Douala (Cameroon). Figure 4.2 shows the map of the PEI, which 

combines population density and growth rates from 2000ð2010 in an overall index. This map highlights 

the coastal cities that have a high population density and are growing at a rapid pace owing to a 

combination of in-migration and high fertility. For the countries from Guinea-Bissau to Côte dõIvoire 

(and also Togo), the only areas with high scores are coastal cities. Ghana, Benin, Cameroon, and 

especially Nigeria have some urbanized areas away from the coast that have high PEI scores. Finally, 

Figure 4.3 presents the PACI, which is the SVI without the population indicators. Broadly, the region 

from Guinea-Bissau to western Côte dõIvoire has higher levels of poverty and lower adaptive capacity. 

Benin is also marked by relatively high PACI scores. In the Niger Delta, high poverty rates, conflict, and 

spatial isolation (market accessibility) combine to create a hotspot.  

All else being equal, more densely populated areas that are highly exposed to climate-related hazards 

will put more people at risk. The West African coastal zone is not only densely populated but it is also 

attracting new migrants. CIESIN (2011) estimates that between 1970 and 2010 the coastal ecosystems 

of West Africa received some 14 million migrants. Between migration and high fertility rates, the 

populations of West Africaõs coastal cities are rapidly growing and by 2020 the coastline between Accra 

and the Niger delta is expected to become a continuous urban megalopolis of more than 50 million 

inhabitants (Boko et al., 2007). For this study we examined the population in the coastal zone using 

ACE2 elevation data together with an alpha version of the Gridded Population of the World v.4 

(GPWv4), which is based on spatially high resolution input data and circa 2010 population counts for 

most countries in West Africa. Table 4.1 provides results. Nigeria has the largest population in the 0ð5m 

zone, with 9.5m people, which is more than the combined total for all other countries combined (5.9m). 

The highest percentage of national populations in the 0ð5m zone are in Guinea-Bissau (17.9 percent), 

followed by Liberia (16.0 percent) and Benin (13.4 percent). 
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FIGU RE 4.1: SOCIAL VULNERABILITY I NDEX ( SVI) AND 20M LECZ  
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FIGURE 4.2: POPULATION EXPOSURE INDEX (PEI) AND 20M LECZ  

 
  



 

Full Report: Mapping the Exposure of Socioeconomic and Natural Systems of West Africa  

to Coastal Climate Stressors  13 

FIGURE 4.3: POVERTY AND ADAPTIVE  CAPACITY INDEX (PACI ) AND 20M LECZ  
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TABLE 4.1: POPULATION IN LECZ (2010)  

 Low -Elevation Coastal Zone  

Country  0ð5m 5ð10m 10ð20m Total  

Benin  1,290,406   375,489   366,009   2,031,904  

Cameroon  822,134   562,668   555,440   1,940,242  

Ghana 536,922   352,704   952,086   1,841,712  

Guinea 1,033,318   121,910   242,315   1,397,544  

Guinea-Bissau 303,377   135,371   297,016   735,764  

C¹te dõIvoire 663,636   320,279   361,078   1,344,993  

Liberia  704,139   203,434   173,243   1,080,815  

Nigeria  9,463,101   4,983,488   6,467,375   20,913,965  

Sierra Leone   307,686   161,808   261,849   731,343  

Togo   277,135   364,857   302,785   944,777  

Projections of CIESINõs GPWv4 to 2030 and 2050 based on the Shared Socioeconomic Pathway 4 

(SSP4) were produced by Bryan Jones of Baruch College. SSP4 reflects a divided world in which the 

cities, which have relatively high standards of living, are attractive to internal and international migrants. 

In low income countries, rapidly growing rural populations live on shrinking areas of arable land due to 

both high population pressure and expansion of large-scale mechanized farming by international 

agricultural firms (OõNeill et al., 2014). This pressure induces large migration flows to the cities, 

contributing to fast urbanization, although urban areas do not provide many opportunities for the poor 

and there is a massive expansion of slums and squatter settlements. While it is impossible to predict 

exactly how populations will grow, this approach is at least internally coherent and plausible. Figure 4.4 

presents the results, which, consistent with the SSP4 scenario, shows significant urbanization, particularly 

in the LECZ from Abidjan to Douala. Côte dõIvoire, Togo, and particularly Cameroon show higher rates 

of rural depopulation than the other countries. 

Table 4.2 provides the projected population to 2050 in the three LECZ bands, 0ð5, 5ð10, and 10ð20. 

Based on these projections, the increase in the exposed population is dramatic: there is a more than 

three-fold increase in population in the 0ð5m LECZ band from 2010 to 2050, from 15.4 to 56.6 million 

people, with 73 percent of the total (41.5 million) in Nigeria. For the broader LECZ, some 115 million 

people in the region will live between 0ð20m elevation, compared to 33 million today. Even those living 

outside the directly exposed areas will be affected if city infrastructure and services are disrupted owing 

to storm surge and related coastal flooding. 
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FIGURE 4.4: CHANGE IN POPULATION  FROM 2010 TO 2030 AN D 2050 
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TABLE 4.2: POPULATION IN LECZ (2050)  

 Low -Elevation Coastal Zone  

Country  0ð5m 5ð10m 10ð20m Total  

Benin  2,302,618 532,252 755,612 3,590,482 

Cameroon  1,692,305 1,174,391 1,178,763 4,045,458 

Ghana 864,562 527,778 1,613,495 3,005,835 

Guinea 1,731,232 204,946 342,059 2,278,237 

Guinea-Bissau 510,810 227,061 460,644 1,198,515 

C¹te dõIvoire 1,690,100 583,759 856,590 3,130,450 

Liberia  4,797,432 1,013,893 608,597 6,419,923 

Nigeria  41,577,719 18,459,392 28,316,341 88,353,452 

Sierra Leone  499,025 225,713 371,710 1,096,447 

Togo  988,469 581,211 852,616 2,422,296 

4.2  ECONOMIC SYSTEMS  

Figure 4.5 depicts the results for the ESI for West Africa overlaid with 0ð20m elevation zone. As can be 

seen from the map, much of each countryõs economic activity is found in the coastal zone, and especially 

in the capital cities. There are very high levels of economic exposure in the Niger Delta, Lagos, and 

Cotonou, and slightly lower levels in Lomé, Accra, Abidjan, Monrovia, Freetown, and Conakry. Figures 

4.6ð4.14 show the exposure of West Africaõs coastal cities to coastal stressors, moving from Douala, 

Cameroon in the east to Bissau, the capital of Guinea-Bissau, in the west. The urban òfootprintsó are 

based on 2010 night-time lights data with thresholds applied to identify high, medium, and low density 

urban development.3 The most exposed cities are the same as the ones listed above.  

Table 4.3 represents an estimate of the total GDP that is exposed by country based on data from 

United Nations Environment Programme Global Resource Information Database (UNEP/GRID) Geneva 

(see Annex A1.3). As with population, Nigeriaõs total is the largest by far; it is three times that of the 

combined total of the other countries ($5.5 billion to $1.7 billion). The economic activity of Lagos and 

oil extraction facilities in the delta, all of which fall below 5m elevation, contribute to this total. 

 

  

                                                

3  The intensity of lighting is highly correlated with population density (Doll, 2008), so while we cannot assign specific density 
classes to each category, the lights do a better job than the gridded population data from GPWv4 (CIESIN, 2014) or 

Afripop (Linard, C., Gilbert, M., et al., 2012, Population Distribution, Settlement Patterns and Accessibility Across Africa in 

2010, PLoS One, 7(2), e31743) in describing the morphology and relative degrees of development within urban areas. 
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FIGURE 4.5: ECONOMIC SYSTEM INDEX (ESI)  AND THE 20M LECZ  

  


