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ABOUT THIS SERIES

ABOUT THE STUDIES ON  CLIMATE CHANGE VULNE RABILITY AND
ADAPTATION IN WEST A FRICA

Thisdocument is part of a series of studies produced by the African and Latin American Resilience to
Climate Change (ARCC) project that addressdaptation to climate change in West Africa. Within the
ARCC West Africa studies, this documeistpart ofthe sutseriesClimate Change and Water

Resources in West AfricéBARCC 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 idgnimeans 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 Areatgsisn Assessment of
Groundwater Managemeén
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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 scalge Sherbinin, 2014). The demand for vulnerability maps among
development ageres and governments is increasing as greater emphasis is placed on scientifically sound
methods for targeting adaptation assistar@ech napping is useful because climate variability and
extremes, the sensitivity of populations and systems to climaticsties, and adaptive/coping capacities

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

This climatevulnerability mapping study seeks to illuminsdene ofthe economic, sociahnd natural
systems in West Africa that will be exposed to future dewel rise, storm surge, and riparian floods. It
covers theGuinea Current countries, extending fro@uineaBissaun the northwest to Cameroon in
the southeastThe combined populationf all 10 countries is 265million people Sven percent of that
population, or 19million people, live in the lowelevation coastal zone (LECZ) of less thami€ters
above mean sea lev&lénter for International Earth Science Information Netwd®IE3N], 2013) and
that number is growing rapidly owing to-imigration and high fertilitAlthough there have been Africa
wide assessments of the likely impacts oflesal rise and storm surge on coastal areas (Hinkel et al.
2012 Brown et al., 201}l ard broader vulnerability mapping has been conducted for the continent
(LépezCarr et al, 2014 Busby et a).2013 Thornton et al, 2008), to date there has been no focused
assessment on the likely exposure of different systems to seaward stressors ameo@ginea Current
countries. This report seeks to bridge that gagdthough alll0 countries are exposed to seaward
impacts, he coastal fringefrom@ e da& 1l v oi r eelativelyloW-lyiggeregioreof rapgd a
population growth and intense economievklopment andas suchis particularly vulnerable to future
surge and sekevetrise impactsThis mapping studig intended taosupportthe programming and
priority-settingof the United States Agency for International Developmd#BAID as well as other
stakeholders, such as tteterim Guinea Current Commission

In this studythe coastal zone is defined a2@0 kilometer strip from the coastline inland’he areas
covered are somewhat | arger thaastafwhbuot mvghhawer ma
a larger area in recognition of the fattat the economic impacts of climate change in the coastal zone
will not be confined to the coastline itself, but will extend further inlaflis is especially the case if one
considersnot only direct impacts but also secondary impacts on livelihoods and economies tied to
coastal citesAl most hal f of tiH2 miliengeopld livesin tiis20® kilbnzeteri o n
strip (CIESIN, 2012)/Ve used best available data on coastal eiewét the Altimeter Corrected
Elevations ZACE2 data set described beldivand flood risk to identify areas at potential risk of
inundation from sedevel rise, surge, or rivebank flooding. In the absence of more detailed modeling
studies of surge risk anlikely future relative changes in sea level for coastal West Africalefiaethe
areas at risk of sekevel rise and storm surge as being in LECZ band®5f 5510, and 1@20 meters
above mean sea levehlthough global mean séevel riseby the endof this centuryis predicted to

range from 0.81.2 metersdepending 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 imphetsegion already faces

1 For the largeformat poster maps that are associated with this report, we expanded the number of LECZ band, t250
4, 406,6010, and 1620 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 witthigh winds and intense wave action resulting in coastal erosion (Niarigj, 201
Appeaning Addo, 2013andthis pattern is likely to increase and perhaps intensify as a result of higher
sea surface temperatures (Emanuel, 20B6}.this reason, and becauselameter sedevel 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 indice®ne representing social vulnerability and another represent
economic systemsprojected the population of the region to 2058nd examined the natural systems

that will be exposed. This report ihedes a brief review of coastalimate exposure and the data

available to measure it (SectiorOf and then proceds to a broader description of data and methods

for the exposed systems (SectiorOBfollowed by results (Section.d. Section 50 provides overall
conclusionsData descriptions (mametadata) for each of the data sets used in this styprovided

in Annex1. 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 sectionwe describe commonly used methods for assessing coastarability and available
data, providing a rationale for our approach to measuring seaward stressors o#éesed coastal
populations and systems

A high percentage f West Africads popul ation i ssealevelcentr at €
rise, and thelntergovernmental Panel on Climate ChantfgGQQ estimates that by 202@nore than 50
million people will inhabit the coast fromtheNigBe | t a i n Nigeria to Ghanaodos ¢

et al., 2012). Tabl2.1 from the IPCC Fourth Assement Report chapter on coastal systems and-low
lying areas (Nicholls et al., 2007) summarizes the primary coastal stressomptrateglobally. Most of
these stressors operate to some degree in the West Africa context, although the region is notdffect
by the kind of cyclonic activity that generates the highest wind speeds and storm stiigagh

included in Tabl@.1, we do not address the impacts of ocean temperature and acidification on fisheries
in thisstudy.

TABLE 2.1: MAIN CLIMATE DRIVERS FOR COASTAL SYSTEMS

Includes trends due to climate change, and their main physical and ecosystem effects
(Trendy = increase? =uncertainR =regional variabiity

laln physic no

COz concentration (1) Increased GOz fertiisation; decreased seawater pH (or 'ocean acidification”) negatively impacting coral reefs and other
pH sensitive organisms.

Sea surface temperature Increased stratfication/changed circulation; reduced incidence of sea ice at higher latitudes, increased coral bleaching
(1. R) and mortality (see Box 6.1); poleward species migration; increased algal blooms

Sea level (1, R) Inundation, fleod and storm damage (see Box 6.2); ercsion; saltwater intrusion; rising water tables/impeded drainage;
wetland loss (and change).

Storm intensity (T, R) Increased extreme water levels and wave heights, increased episodic erosion, storm damage, risk of flooding and
defence failure (see Box 6.2).

Storm frequency (7, R)  Altered surges and storm waves and hence risk of storm damage and flooding (see Box 6.2).
Storm track (7, R)

‘Wave climate (7, R) Altered wave conditions, including swell, atered patterns of erosion and accretion; re-crientation of beach plan form.
Run-coff (R) Altered flood risk in coastal lowlands,; altered water gquality/salinity; attered fluvial sediment supply; altered circulation and
nutrignt supply.

Source: Nicholls et al., 2007

One of the consequences of temperature increases associated with climate chaegkei®l rise
(SLR)RelativeSLR will vary globally based on a number of facibine. factors most directly associated
with climate change arthe melting of icecaps andlgciers( o r 0 e u deveh risé)andihersa a
expansion of the oceangor ostericd sealevel risg. Tectonic and crustal activity can lead to
subsidence ( or 0 i sealevel as® and liftingof land masses in the coastal zérf@ubsidence can

2 Uplift occurs in areas where land masses ardidiog (e.g., the eastern Pacific Rim) or in Hagliude 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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ako be affected by processes such as éxéraction of water and resources such as gas andsoil
compaction, and the deprivation in delta areas of sediment that is trapped by upstream dams
(Vorosmarty et al.2009. The Niger Deltafor examplejs affeted byall ofthese factorsandstudiesat
one site found rates of subsidence of 2.5cm per \#ae, 1996)

Global mean sea level has already risen from 1901 to 2010 byntetds (IPCC 2013). Table 22

shows the projected sekevel rise for the midand late21st centuryaccording to the IPCC Fifth
Assessment Report. Thesge in the range of 0.4 to 0.63eters by the end of the centurydepending
on the emissions scenariblote that more extreme scenarios of up to @eters of SLR by the end of
this century are conceivable should there be an abrupt increase in the rate-shioet loss in the West
Antarctic and Greenland (Pfeffer et al., 2008), and should all ice sheets eventuglthertelial SLR
would be approximately 68eters (National Geograbic, 2013)More recent estimates bi{opp et al.
(2014) suggest a range of global mseaalevel rise of 0.81.2 metersdepending on the rate of warming
and the response of ice sheets.

TABLE 2.2: PROJECTED CHANGE IN GLOBAL MEAN TEMPERATURE AND SLR

2046-2065 2081-2100
Scenario Mean Likely ranges Mean Likely ranges
RCP2.6 1.0 041016 1.0 03t01.7
Global Mean Surface RCP4.5 14 091020 18 111026
Temperature Change (°C)* RCP6.0 13 08018 22 14t03.1
RCP8.S 20 141026 37 261048
Scenario Mean Likely range® Mean Likely range*
RCP2.6 0.24 0.17 t0 0.32 0.40 0.26 10 0.55
Global Mean Sea Level RCP4.5 0.26 0.19 t0 0.33 0.47 03210063
Rise (m) RCP6.0 025 0.18 10 0.32 0.48 033100.63
RCP8.5 0.30 02210 0.38 0.63 0.45100.82

Source: IPCZD136Table 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 landsgatial
dataand information ee limited for planning purposd®rown 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 Africandimpacts include floodingalwater intrusion, loss of beaches and
recreational activities including touristoss of infrastructureand changes to river flows and outputs on
the coast.In Africg data are generally missing on the present rates ofleeal change,aastal
geomorphologyand socieconomic trends (Hinkel et al., 2012). Basic data on coastal topography are
available through publichccessiblglobal data sets such as tNational Aeronautics and Space
Administration (NASA)Shuttle Radar Topography Mission (SRTM) gldlmatal elevation model

(DEM) (90meter resolution) the Eurogean Space Agency A€HBata set (which merges SRTM with
Satellite Radar Altimetry) (9eter resolution)(Berry et al, 2008) and theAdvanced Spaceborne
Thermal Emission and Reflection Radiomd&8TER Global DgitalHevationModel (GDEM) (15

meter resolution).It should be emphasized thdt global DEMsire of limitedaccuracyLIDAR dataare
most accurate but are not available over large areas of the world, and especially in West ifiica
assessmenACE2 has the advantage over SRantd ASTER GDEMIf accurately returning ground
values in areas of den$arest cover such as mangrovdsr this reason and based on comparisons with
SRTM that showed that ACE2 consistently returnedhsliglower elevations, we chose to use this data
setfor this study
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In addition tosealevel rise storm surge is another important factor in coastal vulnerability. The
measurement and recording of the spatial extent and height reached by coastal sig®s & required
for better prediction and assessment of coastal risix.date there has been little mapping of storm
surge in West Africa, but a method developedBrakenridege et al. (2018)5ingNASA Moderate
Resolution Imaging Spectrometer (MODI8hsors to measure the areal extent of land inundation
caused by storms surgesuld be useful for future monitoringdowever, whileMODIS operates in
0al vwanyds mo d e a n dmefenresolutiod evermtofthe Earttb s sur f ace, moni t o
much mae difficultin regions such aspastal West Africa with highloud cover We examined the
Dartmouth Flood ObservatorfDFO) data for West Africabut could not find data that would provide
evidence of storrrsurge risk, since the imagery wouwtsoneed tobe collected coincident with known
surge events.

Severatools and approacheasddressSLR and storm surge in the coastal zone. Here we focus on two
commonly used ones that also have been applied in AthieaCoastal Vulnerability Index (CVI) and the
Dynamic Interactive Vulnerability Assessment (DIVA) model. The CVI is a simpledriethesess

coastal vulnerability to SLR and surge (Gornitz etl&94), providing a numerical basis for ranking

sections @ 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 reliefsubsidenceextensive shoreline retreat, aridgh wave/tide energies. In a stuasessing
Accrads coastal vul ner aldtslwereé ysedtogenerdte aGaidéwash an g e ,
foundthat 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, includirgjmiNator of
Climate Change Risks and Adaptation Initiati&msCLIM, Regional Impact Simulator (GeglS), and
Delft3D. To our knowledge, DIVA is the only model thaas 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 Sldhdsocioeconomiaevelopment. DIVA is based on a data model that divides the
worl dds coast -length coastalsegindn® and associatds lpego 100 data values with
each segment. It combines global SLR due to warming with estimates ofdd@zdIand movement to
determine relative SLR. Based on the relative SLR, DIVA assesses$ytesaf biophysical impactk)

dry land loss due to coastal erosia®), coastal flooding, ang) salinity intrusion in deltas and estuaries.
Given certain flod extents, land elevations, population densities, the existence of, dikdgelative 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 floedimated 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, Cameroodt amd Gl 6 | vanokedr e ar e r
among the top 15 mostulnerable countries in Africa (Hinkel et al., 2012).

Although te DIVA model is a useful tool for coastal vulnerability impact assessments at the global,
regional, and national levels, since the average coastal segment is approximkilein&t@rsin length

it cannot accurately capture more localized dynaniiRamieri et al., 2011)-urthermore, the DIVA
model is no longer publicly accessible, and inquiries with the modelaperelere not answered.
However, we didobtain DIVA storm-surge and SLButputs from Dasgupta et al. (2009) and we
compared the outputs with ACE2Ve opted to use ACE2 data because DIVA results were based on
the older SRTM data that show higher elevatitimsn ACE2n many forested coastal areas

Althoughwe focusmainlyon seaward (coastal) hazards, also address flood risk, since it can often
occur in areas that are simultaneously affected by storm surge associated with tropical storihisand
relevant to social and economic impaeighin a 200kilometer buffer inand from the coastline. Floods
may result when extreme precipitation events cause rivers and water bodies to overflow their, lmanks
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when lowlying areas with poor drainagee inundated. Rivebank flooding in the immediate coastal
zone may be accompadidy storm surgewhich backs up river flownd can be exacerbated by SLR.

Flood risk is an issue in many coastal areas of West Adchparticularly affects urban are@idkson
et al., 2012Guinea Current Large Marine Ecosystem Projgg€CLMHE, 201Q Douglas et al., 2008;
ActionAid, 2006). In 2009, many West African cities experienced torrential thestcaused loss of life
and the destruction of importargocioeconomidnfrastructure (GCLME, 2010l Nigeria, floods
represent a major issue for udm areas due to theow-lying topographylimited capacity of drainage
systemsand 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 recenbtivitg to population
growth and settlement in flooghrone areas (e.g., Agbola and Agunbi&@€9) and themore intense
and frequent raistorms potentially associated with climate change. For example, in a flood impact
assessment in Nigeria, Adeoye et al. (208&ermined thathe impacts of floods have increased from
significant to threateninduring the @st three decade$ased on flood records from the National
Emergency Management Agency (NEMA) and records of flood events recorded in Nigmxispapers.

The DFO has compiled and continuously updates a global archive of large flood events collected from
news, governmental, instrumental, and remetmsing sources. The archive includes: 1) an online table
of recent events only; 2) Excel files for all eveintsn 1985 topresent; and 3Jseographic

Information System ( GIS) file sets that provide flood catalog numbers and saéfacted map

outlines. It includes the archive data and images for each flood event from the NASA MODIS sensor.
The DFOOGs World Atl as of Fl ood Hazard, which i s
provides a visual representation of presend past flood eventaroundthe globe. However, cloud

cover and other imaging constraints sometimes restrict the ability to capture peak inundation
(Brakenridgeet al., n.d., a problem particularly significant along the West African coast. Anothex dat
source for assessing global flood hazard,@habal Estimated Risk Index for Flood Hazard developed by
the United Nations Environment Programni@éNEPR/Global Resourcelnformation Databasdfurope for

the Global Assessment Report (GAR),built upon satiite datafrom DFO as well as hydrological

models and records foextreme rainfall events (UNBBmited Nations International Strategy for Disaster
Reduction UNISDR, 2013).Thisdata set is modelednd only availablat arelativelycoarse spatial
resolution, and hence only approximates the degree of risk in any given locitisithe only available

data set, thus & chose to usat to represent the relative risk ofiparian areaso flood hazards.

Map metadata for each of the data layers includedhénexposue component is found in Annex 1
Section Al.L For those interested in further exploration of data and methods in coastal vulnerability
assessmenRamieri et al(2011) provide a useful review of a range of models and methadd

Newton and Weichselgarnter (2014) and Maloney and Preston (2014) provide rassassments that
showcase evolving methods.
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3.0 DATA AND METHODS

Inthe previous sectioywe describé the data sets and modeling methods that have been commonly
used b assesexposure to seaward hazards, providing the rationale for the exposure data sets we
chose to use for this study. ltnis sectionwe coverthe data and methods used to create two spatial
indices, the social vulnerability indard economic systenmdex, as well as the data layers used in the
assessment of natural systerbe spatial indices converted indicators from raw values to indices on a
08100 scale, where 100 equals higher levels of social vulnerability and economic expespeetively.

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

Scial vulnerability is variously defined in the |
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 vibegjoh torepresent the

population exposure to coastal impacts as well as theepiyy educationand conflict levels that might
indicate higher lé&vAellsi otf ofd eif rechised tesrs eisrst. | uded i
(Many other indicators could have beased, but we chose onlyoseindicatorsfor whichwe had

data.) Ell metadata are found in Annex 1 (Section Al.2). High values on the raw scale for each of the
indicators (except for maternal education, which was inverted) result in highiaerability scores on

the 08100 scale. Histograms of the data disttibns and the indicator values are available in Section

Al.2. For selected indicatarsuch as population densitye trimmed the tails (winsorized) at the high

end of the scaldWhere data are skewedyinsorizationensures a greater spread in the distrilion of

the transformed indicatgrwhich is important for index constructiorQrganization for Economic

Cooperation and DevelopmerdOECD], 2008) The indicators were combined in a weighted average to
produce the overall SVI; all indicators were assigneaight of 1, except maternal education levels
(MEDUC) which was assigned a weigtit2. The reasons for this werg) conceptuallymaternal

education is an important factor in adaptive capacity (MuttarakLang 2014; and2) the indicator was
derivedfrom a spatial interpolationfdemographic and Health Su(2#yS) clusterlevel values, and

thus has a higher spatial resolution than the poverty indicator (PB®Y is reported at a mix of
country-level and subnational units, whereas MEDUC is basealgpatially interpolated mesh of survey
cluster points, better pinpointing areas lfjhest social vulnerability.

TABLE 3.1: SOCIAL VULNERABILITY INDICATORS

Indicator Code | Indicator Date or Date Range |
POP Population density 2010
POPG Population growth 200®2010
POV Subnational poverty and extreme poverty 2005
MEDUC Maternal education levels circa2008
MARK Market accessibility (travel time to markets) circa 2000
CONF Conflict data for political violence 199762013
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Because areas of high populataensity and growttfhighexposure, leading to higheulnerability)are
generally associated witltban areas that havewer levels of poverty and higher degrees of adaptive
capacity(low vulnerability) to some degree the population factors cancel out fhoverty and adaptive
capacity indicatorsThis is the issue aicompensabilityii i.e.,the wayin whicha high scoren one
indicatoroffsets a low scor@n another German Federal Ministry for Economic Cooperation and
DevelopmeniBMZ], 2014; OECD, 2008)lo account for this, we created two suindices, 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 compossubwoiational 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 EconomicSystemsindex (ESI), our primary purpose was to create an index that woelgin to

show relative levels of economic activity thatuld be exposed to seaward hazards. The indicators
included inthis index are found in Table 3.@n this case toomany oher indicators could have been

used, but we chose onlhoseindicatorsfor whichwe had data.Map metadata for each of the data

layers included in this component is foundAinnex 1,Section Al.3. For cropswe focused primarily on
highervalue export cops rather than on grains. For each of the indicators, high values on the raw scale
result in higher ESI scores on th8XM0 scaleHistograms of the data distributions and the indicator
values are available Amnex 1,Section Al.3.For most of the indtators we trimmed the tails

(winsorized) at the high end of the scalée 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 DomestidProduct (gridded) 2010
URBN Urban built-up areas 2010
CROPS Cocoa, coconut, palm oil, rubber, and banang 2000
production (metric tons)

In addition to the ESI, we overlaid urhdnilt-up areas and the West Africa road network with the
LECZ and flooetisk layers to assess urban areas and road networks at potential risk of flooding (see
Section 40 for results).

3.3 NATURAL SYSTEMS

For natural systemsve were interested in

1 The intersection of seaward hazards with mangrove foréGisi et al, 2010)
1 Forestcoverloss from 20000 2012(Hansen et al2013)

1 Wetlandsfrom the Global Lakes and Wetlands Datab&s¢.WD): Lakes and Wetlands Grid
(World Wide Fund for Nature [WWF] and the Center for Environmental Systems Research,
University of KasselJESR 2004) and

1 Threatenedmammals, amphibians, and bibdsed on thénternational Union for Conservation of
Nature (IUCN) Red List database

For this mapping exercise, we includal IUCN Red Listhreat categories: critically endangered,
endangerd, and vulnerableThe wetlands map also includesotected areasnformationfrom the
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World Database of Protected Areas (WDPAWorld Conservation Monitoring Center of the United
Nations Environment Programm&NERWCMC], 2013).

We did not create an indefor natural systems sindbere was no logical way to do so. Map metadata
for each of the data layers included in this component is fourhimex 1,Section Al.4.
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40 RESULTS

41  SOCIAL VULNERABILITY

There are a number of aredbat appear to experienchigh social vulnerability. Figudel shows results

for the SV overlaid with the @20 m LECZ. A combination of high population density, high population
growth, and conflict make the Niiyimlathe LEEZ Abamjanand Lag
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 @hin), and Douala (Cameroon). Figur2 shows the map of the PEI, which
combines population density and growth rates from 288@10 in an overall index. This map highlights

the coastal cities thatave ahigh population density arate growing at a rapighace owing to a

combination of irmigration and high fertility. For the countries from GuirBssautaCét e d 6| voi r e
(and also Togo), the only areas with high scores are coastal cities. Ghana, Benin, Caedoon

especially Nigeria have some urbanizegbaraway from the coast that have high PEI scores. Finally,
Figure4.3 presents the PACI, which is the SVI without the population indicators. Broadly, the region

from GuineaBissau to westeriCét e d Ghhswhighierrlegels of poverty and lower adaptivpacity.

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-cktatdd hazards

will put more people at riskThe West African coastal zone is not only densely populated but it is also
attracting new migrants. CIESIN (2011) estimadted between 1970 and 2010 the coastal ecosystems
of West Africa received some 14 million migrants. Between migration and high fertility rages, t
popul ations of West Afr i c addby2020thedastlihe betweeniAecea ar e r
andthe Niger deltais expected tobecome a continuous urban megalopolis of more than 50 million
inhabitantgdBoko et al., 2007)For this study we examined the population in the coastal zone using
ACE?2 elevation data together with an alpha version of the @GlPopulation 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. Tabk.1 provides results. Nigeria hake largest population in thed®m
zone, with 9.5npeople, which is more than the combined total for all other countries combined (5.9m).
The highest percentagd aational populations in thed3m zone are in GuineBissau (17.9 percent),
followed by Liberia (16.0 percent) and Benin (13.4 percent).
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FIGURE 4.1: SOCIAL VULNERABILITY | NDEX ( SVI) AND 20M LECZ
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FIGURE 4.2: POPULATION EXPOSURE INDEX (PEI) AND 20M LECZ
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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 0d5m | 5810m 10820m 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
Cite dol 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

Proj ect i on sPWg4fto 2030 &8 POB03based®n the Shared Socioeconomic Pathway 4
(SSP4) were produced by Bryan Jones of Baruch ColRfe4 reflects divided worldin whichthe

cities which haveelatively high standards of livirage 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 populatiopressure and expansion of largealemechanized farming by international
agricultural frmg O & N e i, R014) €his praskure 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 anassive expansion of slums and squatter settlem@Vibéle it is impossible to predict
exactly how populations will grow, this approach is at least internally coherent and plaEsijole 44
presents the results, which, consistent with the SSP4 sagrsrows significant urbanization, particularly
in the LECZ from Abidjan to Doual&6t e d @ Togopand particularly Cameroon show higher rates
of rural depopulation than the other countries.

Table4.2provides the projected population to 2050 in thleree LECZ bands,db, 5510, and 1620.

Based on these projections, the increase in the exposed population is dramatic: there is a more than
three-fold increase in population in thed®8m LECZ band from 2010 to 2050, from 15.4 to 56.6linil
people, with B percentof the total (41.5 million) in Nigeria. For the broader LECZ, some 115 million
people in the region will live betweerdPOm elevation, compared to 33 million toddven those living
outside thedirectly exposed areawvill be affected if cityinfrastructure and services are disrupted owing
to storm surgeand related coastal flooding
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FIGURE 4.4: CHANGE IN POPULATION  FROM 2010 TO 2030 AN D 2050
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4.2

seen fromt h e

TABLE 4.2: POPULATION IN LECZ (2050)
Low -Elevation Coastal Zone

Country 0d5m | 5810m 10820m 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
Citte dol 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

ECONOMIC SYSTEMS

Figure4 5 depicts the results for th&Sifor West Africa overlaid with @20m elevation zone. As can be

map ,

mu ¢ h

of each

countryaods

economi c

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

acti

Cotonou, and slightly lower levels in Lomé, Accra, Abidjan, Monrovia, FreetmwehConakry. Figures
Af r igdrandBouala,o ast al C

46041 4

show

t he

exposure of
Camerom in the aeast to Bissau, the gital of GuineaBissau, inthew s t .
based on 2010 nighime lights data with thresholds applied to identify high, medium, and low density

We s t

The

urban developmeritThe most exposed cities are the samethe ones listed above.

ur ban

Table 4.3epresents an estimate of the total GDP that is exposed by country based on data from
United Nations Environment Programme Global Resource Information DatabhiERGRID) Geneva
(see Annex A1.3). As with population, Mig i a Oisthetamésibl fait isthree 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, cart&ibo this total.

3 The intensity of lighting is Hity 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 aR012, Population Distribution, Settlement Patterns and Accessibility Across Africa in

2010 PLoS One, 7(231743) 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
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