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PREFACE

[n =pite of uncertazinties surrounding the predicted climate change, greenheusc gases appear to bave
accumulated b the afmgsphere io su-:rh a level that the changes may heve started almcady and their contimation
may- now be inevitable.

The environmental problems agsociated with the potential impact of cxpected climate change may prove w
be among the major enviremmental problems facing the marine environment and adjacent coastal areas o the near
future. Therefore, in line with UNEP Goveming Couneil decision 14/20 on "Global Climate Change', the Oceans
and Coastal Areas Programme Activity Centre (OCA/PAC) of the United Nations Envircnment Programme

(UNEPF) launched and supperted 2 number of activities designed to assess the potential impact of climale change

and to assist the Governments concerned in identification and implementation of svitable response measures
which may mitigate the negative consequences of the impaet.

Since 1987 to date, Task Teams on Implications of Climatc Change were established for eleven regivns covered
by the UNEP Pegional Seas Programme (Mediterrancan, Wider Caribbéan, South Pacific, Bast Axian -Seas, Sowmh
Aslan Seas , South-East Pacific, Eastern Africa, West amd Cemra] Africa, the Kuwail Actioe Plan Reglon, the Red
Sea and Gulf of Aden, and the Black Sea). .

The inirdal objective of the Task Tcams was to prepare regional overvicws and site-specific case stadies on the

 possible impact of predicted climare change on the ecological systems, & well as on Uk suciv-economic activities

and structures of their respective rcgions. The overviews and case studids were expocted to:

* gxamine the possiblc r;ffccts of the sea-level chan_g:s on the coastal ecosystems (deltas, csmuariss, HET.]EIJ].d.S '
coastal plains, corsl rcefs, mangroves, lagoons, etc.); -

* examine the possible effects of tcmperature elevations on the |cTrestrial ami aquatic :cmymms including
the possible effects an emnnmwall}r important species;

‘s cxamine the possible effects of climatic, ph}rsu_}grﬂphm and ecological changes om the socio-ecomomic
‘strucinres and activities;  and

* determine areas or systems which appesr ip be most wuloerable to the above,

The repional overviews were intended lo cover the marine environment and adjacert coastal arcas influenced
by, ot influencing, the marine environmenl. They are w0 be presened 10 intergovernmentsl meetings convened in
the framework of the relevant Regional Scus Action Plans, in order to drave the countries' attention o the problems
assoctated with cxpected climate change smd to prompt their mvnhrmcm in development of policy options and
responsc measures suitable for (wir repion.

Following the completion of lhe regional overviews, and based gn their findings, sitc-specific case stndies are
developed by the Task Teams and are planned to be prescnied asod discussed at national semimars. ‘[he resaliz of
these case studies and the divcussions at the national scminars should provide expert advice o nannnal suthoriries
in defining specilic policy optinns and suitable response measuras.

The Task Team on the lmplicasions of Climate Change in the West and Ceniral African Region, sponsored by
UNEP - QCASPAC, was established and met In its first meeting in Lagos. Nigera, between 7-9 June 1989, and m
its second meeting jointly with.(he Task Teamn for the Esstern African Region in Nairohi between 18-21 Decernber
1989. EHEach member of the Task Team wes assigned a specifie suhject to address in detail, and the present overview
iz largely based on the contributions by the individual memhers of the 1'ask Team as given in Lhe Appendix. The
Task Teamn consisted ofr T.0. Ajayi, M. Akle, F.00. Asare, I.E. Awosika, R.O. Egunjobi, I Fmdla}f, AL The,
K.P. Koffi, 1. Niaog, 5. Ogbuagn, 5.0 Ofo, 5.0, Zabi,

This poblication was prepared by A.C. The and ¥.C. Ojo on the basiz of werk carried out by the West and Centrat
African Task Team, edifed by Jobm . Pemnetta, and finalized for publication by M. Gerges (])eput}r Director) and
M. Kh H]-Sayed (Eﬂnsulmnt} of TCAIPAC,
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1. INTRODUCTICN

Climate change and variability have been and will continue to be chamacteristic of weatber and climate. Cver
the past millions and thousands of years, catcosive changes have cccurred in (he climues of differemt areas of
the world. Indzed, over the past decades, a large mumber of relatively shorl-term changes and variations
have occurred. In the West and Central African Region (WACAF), (hesc variations and changes have heen
manifested in rainfall variations, for example, which in o bave had significant impact on hydrological and
hydrimeteorological charactefistics in the region, Thus, raiufall variations bave coused floeds, dromghts and
desetification which in mrn have had a great impact on the socio-economic situation of the region. Indeed, climate

" change and variabilities have created problews in human, activities, and other aspects of sotio-sconomic planning
and development in (he rogion. ITuman activities such as epergy production, managemens of water resouress, food
producticn and agriculture, forestry, marine resource develypment, transportatmn and tourizm, have all been
subjected to the vagaries of weather amd climate it the regiom,

" In the light of thesg past experiences, it is amticipated that the cxpected global climme changes, Jue to ﬂ]ﬂ
increasing greephouse effect, will have far rcaching consequences for the WﬁCAF Region.

Recognizing thiz fact, in 1989 the Oceans and Coastal Aress Programme Activity Centre (OCA/PAC) of the
United Narions Enviromment Programine (UNEP) established a Tagk Team for West and Central Africa as parnt of
2 plobal initiative begun in 1987 with the formation of Task Teams to snkdy the implicarions of cxpected: climate
change in regions where UNEP has active Repional Seas Programmes.

The Task Team considered amd adopted the terms of reference provided by UNFP as the basis for the work
of all regional Task Teams which are as followe:

Long-term objectives:

fa) to assess the potential impact of climate chanpe on the coastal amd marine environment 25 well as on socio-
" egomomic struetures end activities; and

(b} o assist Governments in the identification and implementation of suitable policy options and response
measures which may mitigste the nepative consequences of the impacl.

Correspondingly, the short-term objectives of the Task Teams are:

! (a]l to analyze (B possible impact of eapectd climate change on the coasts and marine ecologicai system, as well
! as on the socig=goonomic stclores and activities; and-

: {b} to prepare overviews and sclected case studies velevanr to specific regioms,
Thiz regional overview cowers:

P fa) the possible effects of the sca level chapges on the coastal ecosystems (deltas, estuaries, wetlands, coastal
e plains, coral reefs, mangroves, lagoons, etc.)k:

{b) the possible efivcls of temperature elevations on the terrestrial and agvalic ecosystemns, including the possible
- effecis on economically important specics;

{c) the possible effecis of climatic, physicgraphic and ccolpgival changes on the socip-economic structures and
activities; and '

(d) areas or sysems which appear to be most vulnerable to the expected jmpact.
: This overview is a summary of the highlights of written submissions by Task Team members {Appendix T).

Duc to the present imprecise pature of informatdon on Some aspects of global climate chanpe and the rapidty
cvolving work of Working Group I ol the Intergovernmental Pamel on Climate Change {IPCC) which is yielding
now estimates of both ihe eXpecled plobal warming and sea-level rise. it most be stressed that the assumptions
vnderlying the work of the Task Tuam, are those accepted at the UNEP/ICSUrWMO International Conference in

Villach, 9-15 October 1985, i.c. increased global mean temperature of 1.5-4.5°C and sea-fevel rise of 20-140 cm before
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Figure 1: Coanivies and zomes of the WACAF Region

The purpose of this overview is (o draw the attention of counfries in the region to the problem associated with
expected climate change and to prompt their involvement in the development of technical and policy TEASULCS
suitable for application in the West and Central African Region,

2. PH‘E’SIC;&L CHARACTERISTICS OF THE REGION
21 LOCATION

The West and Central African Region compriscs 21 Alvican countries bordering the Adaptic Ocean and
includes twa 1sland stares, Cape Verde and Sap Tome aml Principe. The region strerches for about 8,500 km
between latitades 22°N and 28°S, and encompasses from nerth tn south, Mauritania, Senegal, Gambia, Guinea-
Bissan, Guinea, Sierra Lecne, Liberia, Cote 'Ivoite, Chanz, Togo, Benin, Nigeria, Cameroon, Equatorial Guivea,
Eabon, Congo, Zaire, Anpola and Namibia (Figure 1}

2.2 GEOLOGY AND GEOMORPHOLDGY

The evolution cf the continental margins of West and Central Africa is linked with the separation of Sﬁuth
America from Africa.  The dating of this separation 1s 1mxact as it consisted of a series of nverlappmg BVETIS.

Accm'din,g to Emery et ol {19‘?4}, the earliest of the events in the region was the develupmenx of mall basing
med dwmehn faa Pamana] T ihoria and otes T anee hacinet whan WMotk Amerion eenarated foomn Afeics abomt 180



date of separation iz indicated by the continuity of Precambrian and Palcozoic strata and structires in Afica and
South America and the disruption of Jurissic and younger structurcs. This separation led o the formation of the
basins farther sowth (Mossamedes, Cuanza, Congo-Cabinda, Gabon, Camercen, Nigeria, Dahomey and Cite
d'Ivgire basins). All these coastal basins are separated fmm cach other by craions w]m:h are coastal exiensions of
the Precambiian basement complex.

Continued separation of South America from Africa pmduoad casily .rwug]]izahlﬂ continental margins and
deep ccean provinces of transformatiomal or rranslational favhing thal are marked by mumerous fracture zomes.
Some of these fracture zoncs cmapate from the mid-Atlantic ridge and simich w- the continental slope and even
inland.

The coasts in the West and Central African Region are- mostly ol low slopg, sandy atd surf beaten. Foor broad
types arc rccognized; drowned coasts in the porthern area; sand bar or lagoon coasts along the north of the Gulf
of Guinca; deltas associated with most of the major rivers, (c.g. Niger Delts) usvally with mangrave swamps and
marshes; and coasts with sand spits ¢and tombolos) formed by accurmulation of lomgshore traneported sand in bays
{¢.z. Angola). The land margin of West and Central Africa i5 bordered by lowlands that mark the margins of bnsms
undcrlying major river valleys {such as e Niger-Benue) and the coastal zone (Figure 23, .

The coasts descend to 2 geperally fartow (100 km or less) comrinenral shelf wider near the northwestern
limits of the region, about 220 km nocthwest of Monrovia, where the shelf reaches its greatest width. The shelf. bresk
ocours in an average water depth of 100 1 excepl o the southeast, inshore of Walvis Ridge, where it is pearly 404
m. At leasl seven large submarine canwoms clch the seaward edpe ©f the shelf and one, the Congo submarine
Canyon, crosses the entive shelf from 25 km off-shorz within an esluary (Yeatch and Smith; 1939; Heezen ef af, 1964,

‘Shepard and Emery, 1973).

The continental shelf  descends thropngh the confinental slope, witich is dominated by sand {or shale) diapire
and is dissected by at least a score of sybmarine canyons, into the continental rises and abyssal plains. Beyond the

ghyssal plains are the abyssal Dills, mid-atlantic ridge and other rddges of e deep ocean.

2.3 CLIMATE

The climatc of the WACAF Recgion 15 related to the porthward end soutbward. paticrns of movement of
the Intcr Tropical Convergence Zone {ITCZ) (sometimes cafled Tnier Tropical Ddiscontinuity, ITD) associated with
the warm, bumid maritime Tropical (mT) air mass wih ils sowhwesterly winds and (he het and dry continentat
(cT) air mass with its dry novtheasterly winds. During the nerthern summer, the TTC and its associated air masses
ind winds migrate northwards reaching approximately lattodes 1N along the coast and 22N mland. "This
situation brings most parts of the WACAF Region under the influence of the mT air and its associated westerly
winds. The characteristics of the atmospheric circulation and the rainlall patterns which result consist of two
equitoctial ramfall maxima in the eqeatorial zone and one maximntm to the notth and one to the sonth of the region.
Rainfall near the equator tends o be spread over 8-12 months while towards the extreme north and south, it tends
to he concemirated within three to four months., Thoe, preeipitation over the region varies Itom owver approximately
2,000 mm in the western cquatorial regions to less than 200 mm to the extreme north and south of the WACAF
Region (Higure 3}, The characteristic short rainy seasons to the extreme north and south are associated with
relatively high to wery high rainfall varlability and umeeliabalily. In addition to the influence of the ITC and its
associated winds, other moeso- and micro-scale factors inlluence the rainfall charactetistics, particoularly their
temporal and Spatial characteristics, These factors include atmospheric disturbanecs amd large scale fluctuations
in e simospheric and oceamic circulation patterns.  The relative lmportance of these factors is, however, little
known for the WACAF Region- and research into the relative aipnificance of the various faoctors which inflwence
the weather and climate in the region js urgently needed.

In general, temperamres are high to very high throughout the year while rclative homidity is high in the rainy
season and low in the dry season. Cloud cover is alse high in the rainy season and low in the dry season. These
characreristics of the weather and climawe result o three main climane 2oncs 3z follows:

The equaioriol climares

These climates are found berwern latibles 5°N and 3°S of the equator and are chafgcierized- by heawvy
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Fignre 3: Mean annual rainfoll over Africa

Evaporation and evapotranspiralion over the equaigrial regions are high.  Relaive humidities are generally
dlsu high, usually more than G0 per cent throughout the wear. Clond cover is also generally heavy throughout the
¥EHT, . .

The savosina climates

These climatic zones lic to the north and south ol the cguatorial region pencrally between approximarely
5°N-15°N. in the poribern hemisphere and approximately 3°5-12°S in the southern hemisphere. They are
characterized by light 1o heavy anmual precipitation, usually hetween approXimately 500-1,500 mm. Rainfall
panerns are characterized by single maximum, which occurs over 3 period of approximarely 3-8 months.  Mean
annmal temperatyres are generally high, approximately 20-35°C, with mean anoual ranges varying botweon about
10-15%C.

Evaporation and evapolranspiration are high to very high, mesuiting in rainfall deficits in this zone. Relative
humidity is high in the wet season, usually more then O per cent and low in the dry seasom, uswally less than 40
per cent. Cleud cover i alse high in the wet season and low it the dry seazon when the harsastton prevails,

This zone is wsually divided intd three sub-zones, namely the Guinea, Sudzn and Sahel sgvannas. Rainfall Is
highest in the Guinea Savianra usnally more than 1,000 mm per snmim, and lowest in the S3hel savanns with valoes

(1 e
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_ These climates lie to the north and south of the savanna climates, approximately to the porth of latimde 15°N
in the norhern hemisphere and south of latinkle 12°% in the sonthern bemisphere. They are charscterized by litle
or o rainfall, usally less than 300 mum in a year. Rain falls for less than four months and rainfall in the completely
arid zope is very irregular and erratic.  Rainfall variability and wmreliability in this zome are usually very high. Mean

atmual. temperatures are usmally high, between approximately 2)-MFPC while mean aomal ranges may reach more
than 25°C. .

The climates are charactenized hy low r:_]mld cover and -.refry high evaporation fmtem.ial thromghont the year.
Eelative humidity is vesually less than &) per cent in the raimy season and less than 20 per cent in the dry season

2.4 HYDROLOGY AND WATER RESOURCES : i

The hydrological proceszes of the WACAT Region are pant of the global hyvdrelogical processes in which the
occuIrence, movement and siorage of water deteimine the hydrological characierisiics of the region. Basically, the
land-based hydrological processes which arc part of the hydrolopical cycle, can be thought of as a series of income
- outgome umits, The main source of the income component of water in the WACA[P Region is rainfall which
depends upon the -occan-land interactions.  The Atlantic Ocean forms the main source of water for evaperation-
while the migration of the ITCZ, and the mT and ¢T air masses with the accompanying southwesterly and
ortheasterly winds form the major factor influcocing water vapowr movements.  Part of the water received from
rainfall remuns directly oo the atoospherc through cvaporation and evapotranspiration, part of it is lost as runeff
while: purt of it is held within the earth atmosphere imterfacc as soil moisturc storage.

The surface water charactcristics of the WACAF Region depend on the intermction between the various
components of the land-based scotion of the hydrological cycle. Within the larpe-scale bydrolegical processes over
the tepion are relatively small catchment sysicms whose varying characteristics influence the surface water
characieristics within the cachment area. - In West Africa, annual runoff 1= greatest in areas of highest rainfall and
lowest cvaposation, so that the percemtage of rainfall that becomes runedl tends o increass from nerth te south.
This pattern s cornplicated by vatiations in relief and rainfall amount. Rivery such as the Konkoure and the Fars
have greater mcan atmoal discharges and higher ruooff coefficicnts than rivers like the Niger with similar
rainfall charactcristics but lower altinade drainage basins. On the other hand, the low rainfall of southern Ghana,
Togo, and Bewin, comparcd with other arsas of similar lititnde, is reflested in marked nmoff from rivers soch as
the Pra, Mooo and the Queme. Tn the absence of an effective vegetation cover, runoff coefficients of about 80 por
cent (or individual storms, and 30 per cemt for amnual ratnfall are common for small high relief carchmemts above
he 750 mm ischyet. As soon as the slope decreases, and channel degradatiom becomes promounced, the water
spreads over a wide area where awch of it is-lost throvgh evaporation. As a result, for catchments over 100 km?
monoff coefficicnls ame u5ua]13-r below sia per cent with that of Maggia being only 1.3 per cent.

The combined effects of channsl degrada.nnn and high cvaporalion rates are clearly reflected in the mean.
. discharge of rivers flowing northwards across the sedimontary plains.  Thar of the Niger decreases from
1,545 m¥scc at Koulikere to 1,146 m/sec at Mpotl.

The wttr-anneal variation in muneff s low over most of the rogion. The ratic between runeff exceedsd in
10 per cont, and that exceeded in 90 per cent of all vears is 1:3 in southern Camercon, 1:6 to 2:0 in the Upper Niger
basin, and 2:0 to 3:;% for those rivers whose carchmemis lie mainly within the 808 mm and 1,200 mm ischyets, In
the drier areas of Benin, Cote d'lvoirs, Ghana, andTogo, however, the ratic ranges from 5:0 o 10:0. These values
reflect the general balance between rainfalf and nunoff in this part of Wost Africa. The rainfall is low, from
L0000 mm W 2,000 mm, aopd is disiributed over a long wet season, wih conglderable time berween mdmdunl
sloTms.

All rivers in Weyl Alnca experience a marked seasonal alternation of lngh and low flows. There is, however,
a considerable differenie belween the reglines of the north where tunoff is concentrated mmto a fow floods in Augast
and September, and those of the south where runoff is spread maore eveny throughout the ycar. This patt::rn clearly
reflfx:ts the -seasomal distribution of tainfall to the virtal esclusion of all other factors.

Thc dlsmhunnna] charammsu-;s ut' the surfnm: WaRr nf the WACAF Begion reflect the d:muagr; s;.rstmn of the

T bt b salandad alarmmn PN B 10260 ~md
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Figure 41 Magor rivers ard thely corchment areas in the WACAF Region

2.5 VEGETATION

The vegetation zopation iz groafly influenced by climatic factors especially rainfafl, The vepetation »omcs in
‘West Africa run roughily perpendicular to the coastline in the northern hemisphere and parallel to the coast in the
southern bemisphere (Figure 3. Geperally the higher the munfall the denser the vegetation and as rainfall
diminishes inland the vegetation gets less and less dense.  The vepstadon of the West and Central African Region
may be classified into the followiog six blome caisgories:

1.  Deserl . 4. (Guipea sayarmna/tall sevanma
2. Sahel savannalsieppe ' 5. Tropical ram forest
3. Sudan savanna/fdry 6. Mangrove savamma

Dresert

The desert is found to the nerth.and south of the WACAF Region. It occurs. in the arid regions and consists
of sparsely distributed, drovght resistant bushes, thoros and geasses.

Sakel savanna/sienpe

This occurs to the north and south of the arid climatic zones. It consists of widely spaced, thomy, TArrow-

r .. [ R ——— L T . B



Table 1

= Hydrological characteristics .of salactod rivars In West Africa-
1 2 3 4 5 5 7 8 8 10 M 12
Rivar Staticn Latitude  Lond: Calsh- Predami Mature of ‘egeta- Mean Mean hlgan Coakl-
ude meant aréa  nant bpa rajiaf Hah annual anriual annual cient of
k' uf rock cover rainfall runcff in runcef in runcff In
underying in mam mileec litre:af percent-
catehnent sackm age
M=uggia ' Teemecus 353N 5*20°E 2255 TO% Slight open 500 o7a° 0.36 2
' .allvial s&VANNa
depasis,
Black Kauri 12°43W AW 20,000 Aneignt Slight Cpen 1.025 40 20 a1
Waolta sandstone saAVATINS
i fleod-
plein
Pand-  Porga C1103N OFSEE 20,300 Mostly Slight weoded BES 60 3.0 9.8
jard cTystaHine savanna
Meaya Cassi HATN 13°652'E 26,000 Cystalling Moderate  Open 823 1! 5 11.2
Kebbil . zavanna .
=17, 13]-] Rlag =y I 13M41TE 31,000 Gryshaline Moderate Woeded . 1,285 280 a1 220
© to high HEvERha
Pakwne  Klira 14°28'N 12°2EW 28180 Crystalline Moderate  Clpen 1,178 193 6.9 164
gavanna )
Miger Kournbasa 002N 9i53W 16,000 ’ Cryslailine Moderate  Weoded 1,740 241 124 245
to high savanna
eyt Pont cle 10°30'N 12°63W 10250 Ancisnl Very Guinea 2080 355 346 530
koure Telimele : Sondetone marked savanna ' .
Paro Safai- 7090'H 12M52'E 23,500 Crrstaling High Wiooded 1545 400 17.0 a4 4
Savanna
W'zl Zlanca £°01'N 4°48Wy 34,000 Crystaling Low Vyaoded- 1200 -7} 2.8 6.2
: ) SAVANNA
Mone  Tetetou TOIN  1%33E  19:800 Crystaline  Maoderate VWooded 1,230 B 4t 10.5
E3vanna '
" . Pusme  Pontds  B0UN 225 24800 Grystallne  Moderste  wooded 1270 13D 53 130
Save savanng
Eia Ayame 5'36°N 3maEW 9,320 Crystalltm Modarata  Fordst 1475 81 3.5 17.7
Sourca: Hai {1929)
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Figizre 5:  The vepetativn regiony of Africa
Sudan mmnnﬂfdrj Sevamg

This is Lhe most densely populated zome and has been greatly modified by grazing and cultivation.  The
vegelion cynsists of widely-spaced, short, branching trees with 2 herbaceous understory of shott and medium
Erasses, many of them anouals.

Guinéa SAVONRAAAlE ravanra

This is vsually sub-divided into porthern and sowthern Guinea. savanna and derived savanma. The northern
and southern savanna vegetation consists of relatively tall trees elose together but with canopies rarely touching
and with a ground cover of tall and medamn grassex, most of which are perennmial, Ihe derived savanna consisis
of a2 mosaic of forest and prasgland and = 2 mone where over—coltivation, frequent burning and nvcfgramng result
in degradation of the forest cover.

Tropival roin forest

This belt iz an area of dense evergreen forest characterized by tall trees with a dense ondergrowth of liamas
and other climbing plants which may become so  entanpled a8 to make penetrafion almost impossible. The rain
forest 12 rich in economically valuable trecs such as ivoke, nmhngany, sapela, and walout. Palm oil 13 an inportamt

coonomic crop in this zone.

Mangrove tavenna



Mangrwas are economically m]purtant not coly for their wood and wildlife, but bocanse they provide
spawning and breeding grounds for coastal fish and crustaceans. o

2.6 SOILS
Three soll types may be recognized in the West and Central African Repion.

1. Ferrisals (US Oxidolg). These wvsually occur undar beavy raimfall regimes in the eqoatorial area.  They have

poor water refention dualities, low rmineml reserves and are of limited 'FE'I'tllltj.f Chemical processes af

_ weathering are powerful and rapid. When water percolates down, elements are very rapidly leached and. iton

and aluminum hydroxides are concentrated in the sob-soif.  When exposed, they harden ro give rise o ironpan
layers. They are more spitable for mee crop production.

2. Luviseils (US Aldisols). These soils, which are of high o moderate fertlity sre found n the tree savianna and
woodlands of the Guinea and Sudan savamma areas. They are uvsed for the coltivation of cereals, root and
fodder crops and grain legumes. They ocoupy only small areas of the humid tropics. There are three types:’
{i} fertic luvisols which occur under hwmid conditions, are highly weathered with low exchange capacity, good
saturation in calions, low it organic material and feedlity; (i} chromic luwisols which occur in drier conditions,
are well me-'ldﬂd with bases but are relatively poor i organic imaterial and phosphorws; and (iif) acrisnls
which occur in the same pedn—clumtu; zone as the ferrie luvisols but are cven more weathered.

3, Arencsols (U8 'I‘.}xic ertzlpsammgts] These sm]s are’ poer in organic matérial, exchangeable bases and
phosphorus, They .arc found mosly in the Sabelian zone and the Kalahari system.

2.7 OCEANOGRAPHY
Hydrography

The surface ocean citewlation of West and Central Africa derives its origin from two ooeatic gyral currants
in the North and South Adantic which in turn are fueled by the surface wind system of the two hemispheres.

The oceanic currents divectdy affeeting the hydrography of the West and Central African Region are the Canary
and Bengucla currcnts, the Equatorial Counter Current,” the South Equatorial Curreut and the Guinca Current

(Tigure 6).

These principal currents are {airly constant in their main directiems of flow, but along most coasts, their
direction 5t any one time 13 intlnenced b’_l.-' local oeeanic phenomena.

The WACAF Reg,mn is not upiform either in ils htrdrcgraphy or in the distribution of marine resources.  The

‘most significant feamre (which affects the nature, distribution and productivity of #ts fiving aquatic Tessurces) is

the presence, at least for part of the year, of a thermocline between the Tropical Surface Water and the underlying
South Atantic Central Water. The thermocline layer is charadterized by low salinity and a temperature of 25°C
helow the Trapical Surface Water and 19°C above the South Atlantc Cenral Water and has an average depth of
betwéan 2035 m over moat of the region. At the narthern and sonthern limitz, the thermocline rises tovedrds the
surface to form two frontal zames, characterized by a contraction of the surlace isotherms (23-27°C). Here its depth
may range from 12-14 m in the Senﬂgal Libcria scetor, the Bight of Biafra and south of the equator. It also Jmhm:s :
dewnwards offshore.

o some areas, the thermoeling is relatively stable throughout the year, whilst in others it djsapp&ars as for
example in the cemre of the region off the ceasts l:rf Ghava and Cote d’'lvoire. .

These seasonal variations in the movements of the Tropical Surface Water and the South Atlantie Central
Water und in upwelling conditions affect the whole hydrographic climate of the region. Comsequenty-two main
types of hydrovlimalic zones are recogmized, namcly, uniform or varicd, The varied type is found in the Northem
Transitien, Cemsral Upwelling and Seuthern Transition hydrographic zonmes where temperature, salinity,

nrients, productivity, efc. vary greatly thronghout the vear. Tn this case thermal differenees are more than 12°C,
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Oecan dynantics

-

The tides zlong the cosst of West and Central Africa are semi-diurnal. Tidal range varics slightly from one
area to another but, except for the areas exending from Guinea-Bissau Lo Sicrra Leons where tidal range varies
between 2.1 m and 5.2 m and again in the eastern extremity of Nigeriz around Calabar where the tidal range is about
3 m, the regiem is dominated by coasts having a mean tidal range of 1-2 m i.e. the consts are microtidal.

The coasts are subject to high wave inicnsity, dominated by swells with periods of 11-16 scconds which are
superimposed in the near-shore régiom on locally generated seas generally of a 3-8 second perivd.  The most
commen amplitude of waves in the region is 1 m g according wo Toe (1935), annual significant swell reaches 3.3
m between Cape Palmas and Cape Three Points while swells attaining a beight of 4.8 - 6 m occut with a. 10-20 ycar
periodicity in the area between Sherbro Island (Sierra Lcone} and Cape Palmas, (Liberiz). Almost invarigbly, the -
waves gpproach the sheres obliquely, the direction at any particular time being dependent on the provailing winds
and the orientatton of the coast,

Tidal and wave generated currents dominate the ceasial sccans. Tidal curreots arc particularly important
aroind river mouths attainmy maximum vclocities of between 1.6-2.8 misce on the ebb in the Niger delta (Allen
1965). Higher velocitics may occur in the arca of higher tida) range cxtcnding from Guinea-Dissau to Sierra Leons.

Breaking waves goneraic longshore currenis, generally less than 1 mfsec which are responsible for transport-
ing large volumes of littoral sedimemt and also for rip curremts which are mere localized in their action but move
appreciable quantities -of sediments away from the coast (Tigure 7).
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3 SOCIO-ECONOMIC CHARACTERISTICS OF THE REGION
3.1 POPULATION AND HUMAN SETTLEMENTS

The countries of the WACAF region, like many olber developing areas of the werld, have fast-growing
populatioms (Table 7). FEstimates by the United Mations of ‘e populaticn of the region for 1990 are aroumd
227 million (1988a; 1988b); annual growth rate is projected to be aboul 2.9 per cént. This ratk is very high and mcans
that the popolation will double i fess than two and 3 half decades.  Althouph west and central areas of the African
continept are grouped together, it must be polnted out that.the Wesl Alnican area has a higher poomlation, about
138 million, than the Central African Sub-repion, atwout 428 million people,

Desnite these nonulation erpwth differences. it Is importand o oot that the (wo areas are economically



Table 2

198% Unlled Nedivny estimates of the population, size, rate pf increase amd density
of the coastal counttics in the West smd Cendral African Region

Fopulation Size
Country (o} Rate of [neresse  Tensity per km?
Maucitania 1,u64 ' 2.8l 1.8
Cape Yerde Ja3 313 ) 91.1
Senegal i 273 ) 36.5
Gambia : £33 - AT Ti4
Guinea Hissan 066 ) 2.3 269
Guines B,705 - 254 ' 7.3
‘Sierra Leone 4G . ' 2.00 564
Liberia ) L2473 a4 - 22.3
Cite D'Ivoire ' 12.097 . .. EE
Ghana 14,564 3.0 22,0
Togn ) 3,347 3.12 509
Benin ' 4 592 313 . _ 408
Migeria 104,135 346 118.0
Camcroon 10,954 .41 3.1
Equatorizl Guinea 430 242 15.3
Ea0 Tome and Principe 109 2.86 - 1088
Gahon 1,132 319 s
Congo 1,940 2,70 57
Zaire LR L x] 3.21 14.9
Angola - 9,747 2.81 7.8

Total 217,435 2.98 39.8

Source; uted Maficns (19‘38&}. Demopraphic Iandbeok for Afrca
[Toited Matonz {198%h). World Popularinn Prospects

under 15, plos those aged above 65, o the werking population aged 15-64 wyears is high. For this reason, leaders
and policy-rmakers in the conntries of the WACAF Reglon expend much effort merely providing for hasic Eocietal -
needs, such as the provision of social and economic infrastructure, capital for [ovestment and reinvestment,
employment opportunities for trained and unskilled manpower, apd bealth care aod protection.

As a resull of early comacts with European explorers and merchants, and aided by- subsequent national
development efforts, the coastal areas of West and Cenral Africa confmin the most obvious examples of efiforis
towards modernization in the region. Of the 21 countries, only four do not presenily have their capital cities locaed.
on the coast. Up until the end of the nineteenth century, almost all these cities had popnlations of less than 20,000
{UUNEP, |5984). Most of the capital cities were adopied in colonial times as administrative and commercial centres
and wera linked togelher by railways and rtoads.  Today, they are nearly always syrionymous with canires of
commerce, industry and political power and have thus attracted very large populadions.  For example, Tagos
(Migeria) is reputad to bave o population of over & million out of an esiimated nationsl population of 100 million.
Other capital citles in, the repion e.g. Abidjan, Accra, Trakar, Freetown and Luaoda are koown o hold dispropor-
tionately biph percentages of their national populatiens with a consequent high demand for goods and services.

3.2 NATURAL RESOURCES
Forestry and wildlife

The WACAF Region iz the home of tropical rain forests and mangroves of great bislogical diversity but the
density and variation of the forests is greatly influenced by climate, especially rainfall. The rain forests and
mangroves form the basis of an extensive lumbering industry. The export of tirmber and plywood still contributes

tn tha 2roce NMabtinnal Brodanst of mane conndviee 0 tha racinn ond farme tha haeic fnr 2 thriving woned  cangtrsaeinn
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The region is rich in wildlife which iz an important seurce of profein and iz hunted intensively, but several
gpecies are on the endangered list due to unconirelled harvesting and poor management. The animal species
eonfined to mangroves sre few, most of them being found also in ofher brackish or saline waters, and ofher forests
pearby, The fauna consist of, molluscs, crabs, prawns, fishes birds such as herons, storks snd ibises, reptiles and
mammals including monkeys, bush pigs and manatees.  Manmy of the reptiles, birds and mammal: are semi-aquatic.
The mangroves alsn provide importamt spawning and breeding grounds for a variety of fin and shellfish that are
the targets of artisanal and industrial fishery m the coastal zone.

Fizsherier

The fishety resources in the marine and coastal areas of the region are geperally abundant, but their
geographical dustobmtion betwesn the hydrographic zoncs and ecuntries 45 vamable. Table 3 {FAD, 1988) shows
the totzl marine fish landings reported for the West and Central African Region according to major species. -
Primary and secondary productivity are highest north of Cape Verga and south of Cape Lopez, correspending o
the MNorthern snd Southern Trapsition zonea. The Western Tropical snd Eastern Tropical zepes which are
characterized by permanent warm waters are poor in plankton and have lew benthic productivity.

The pelagic populations of the region of economic interest are mostly clupeids and carangids. The important
specics are the round and flaf sardines, the bonga, the cunens horss mackerel, the yellow horse mackerel and e
spanish mackerel.

The demersal fish community covers a wide varicly of species;

# (hose living beiween (e litoral and the bottom of the thermocling (40 m) corresponding o the zones whare
(he warm andd suline TSW is present or oscillates e.z. the croakers, which live on soft bottoms, P, #fodsatis,
Elapy spp and Pelvnemusguodrififis which live in low salinify areas in river/esmary somes.

» those living below the thermocline ar variows lovels on soft and hard substrata of fhe comtinemtal shelf and
siope which constimte the decp water community of the spands (Dentex anagolensis, Freroscion m'big,
Broada barbaia], and the snapper commynity,

* those living i the thetmocline aress e g certain coastal species like Penegus duovarum, Brachy-deuterus
atrtius, Baliyter coprizcres and others at the upper limit of their distribution Pagelis coupel) which are foutid
In assoctation with a typically eurybathic comurnmicy. In this area, environmental cmd:tmns tetporatute
and sahmt:,r, can vary greatly.

The shritps, prawns, Inbsters and oysters present in the region are new the mrgers of export trade because
of the'r fereign exchange earning potential.

It is ironic that a region so abundant in fisheries resources still imports a large. proportion of its fish needs.
Although a great percentage of the population is cosstal and engaged in fishing, traditionsl fishing methods are
limiting in scope with fishermen. confined to rhe artisanal sector. Tn addition, spoilage due o poer praservation
techniques and lack of refated infrastrocrure lakes its toll on catehes Trom this sector.  Fven mord importantly, it
has hean noted that the overall level of investment in the more productive trawl fishery is lrrw {Ajayi and Talah,
1984),

Enerpy resources

The various enerpy sources in the WACAF Region include coal, wood, petrolenm and gas -and water.  Solac
energy and wind arc other sources which remain largely unapped although' the potential for wind power is rather
low.

By comparison with the other continenrs, Africa in gemeral and the WACAF region in parlicular is poody
endowed with coal. The only two areas of relative significance include Nigeria (West AlTica) and Faire (Cenural
Africa), Petrolenm iz abundamt in Nigeria and Gabon which are important exporters. DMost other couniries,
including Benin, Cameroon, Cbie d'Tvoire, Ghana, Senegal and Togo are, to varying degrees, oil producers. '

. Hydroelectric, power constitutes amother major source OF enerzy in the WACAF Region. Indeed, the great
African olaean with its rivers phmeing down to the coast. wives Africa in general and the WACAF Region in



£1

Table3d

1974-1986 Total marine fish landings reported for the Wesl and Central African reg

1o 1975 1976 1957 1978 197G 1980 1983 1

 Coastal pelagic fishes

' Oceanic Fe]asix: fishes

Dem_mal fishes
Other fishes
Dladromous fishes

Crustaceans

_ Modluses

Cither aquatic ani_mals

1,243,955 2,001,957 2,163,628 2307709 1775680 T4A09788 2014882 1541810 1,74
TR 246,124 230505 295654 273,198 242730 298729 A3 34

548310 528,587 GUBU58 4414670 434367 465042 406700 402746 5C

©O31,9M 344,379 35T A . APRB04 429978 PR 737230 37741 36

72 585 - 16478 7812 12176 5,094 5321 5,052

3832 BT 2508 32,223 442MR 51213 49085 . JF249 o

70,605 230910 213200 185420 189386 1400473 149455 HBGA38  1E

L i1 100 100 100 0 101 m

' Total

Soarca: FAC, TOBK

__;3,414.?3'? 3445104 2,500,823 3,500,101 3159,1M 2757056 JANATL 3,200,203 321
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on the St. Paul River in Liberia and the Ayame I and Ayame 11 plants on Bia River in the C;:-tc d'Iveire Caly threc
large-scale hydroclectric power stations. have been completed as part of the malti-purpose water development
projects. These are the Volta Dam at Akosombe and the Kaimji' and Jebba dams on the River Miger,

The most important and most widely used source of energy in the WACAF Region is fuel wood. Wood is the
main source of fuel in the rural. aress where more than 70 per cént of the population in the repion live. Wood iz
also nzed in the urban areas, where it forms a very significant source of charcoal. In both the raral ateas and the
treditional residential areas of the urban cenires, wood is the most important source of fuel for demestic cooking
and household cemsumption, and some other local eottage industries including local bre.wing' of heer, bakeries,
meat processing and fish curing, Wood is ‘also significant for the construction mdustry, weavmg and in agricultral

activities.

Solar energy- constitnies a potential source of energy which remaine largely untapped, as in many -other
parts of the tropita. Solar emergy received is generally high and values reeeived usually vary between about 100
keal/omi/yr to aboul 200 keal/em?iyear and between approximmately 300 and 350 calfem®/day througheut the
year, The highcst values are usually received in the grassiand and semi-arid areas where cloud cover is much less
than in the forcst arcas, This source thus represents a big potemtial source for emergy development in the WACAF
Region, although it may be difficult o develop becanse of lack of technical and financial resources.

I the case of wind energy, wind speeds arc generally gentle to moderate except at exposed locations or on
the approach of rainstorms, when wind speeds may he as high as 30-40 knots (55-74 lm/hr) or more, and this
comstitates a limitation for the developmenr of wind as a source of power for planning and developmem,

Nuu-_fue.! ntiferals

A vatiety of minerals rangmg from sand and gravel Lo gﬂld and diamond: are mined from the coastal zome
of this regien. According to UNEP (1984), the s1gmﬂcanrbe of mincd tesourees, even when revenues from petroleum -
pmducts are excluded, is appreciable m countries like Angola, Ghana, Guinca, Libetia, and Sicrra Leone and their
economies are mineral based. Phosphates are tmportant in Benin, Maoritania and Tego. Placer mineral deposils
have high potential in Liberia, Sierra Leonc and to a leaser extent, Nigéria, Salt iz mined in Benin, Ghana and Togo,

13 AGRICTLTURE

Arabie

Agriculure s the most important industry in the West and -Centeal African Region. About 70-80 per cent of
the population is engaged in agriculture and the coonomics of most eduntries in the region depend on it. The coastal
areas are bocoming increasingly important in this indusity and have the potential to increase substantially them
contribution o aericultural production.  About #0-80 per cent of the food production in this zone comes from small
farms. :

The crops and produce from agricultafe may be classified as follows:

1. Tree and borticultural crops: Palm oil, cocomul, ¢itrns, avocado, rubber, kolanuts, she:mm COCOa, coffee
pawpaw, banana, plantain, mangoe, .pineapple.

2. Cereals: Maize, rice, sorghum, millet.

3. Root Crops: Cassava, cocoyam, yam, aweet potaio, Einger, Hgernul.

4. Vegctahles and Beans: groundnuts, cowpea, phaseclus hean and melons.
5. Other crops: supgarcane, tobacco and coiton,

Agricultural production and distribution of crops are poverned mainly by climatic factors particularly rainfali
and temperatare.  These, together with the eoil, determinie the agricultral potential of any site.

Ecomomic frec craps like cocon, palm oil, rubber, kola, coffes, cocomnt and citrus which require high rainfall
are found in the Equatorial humid zone and the maize growing belt does not extend beyond the smb -humid zope.
Sorghum and millet on the other hand will grow well only in the sub-humid and semi-arid zones. Sociclogical and

enmnaits frobnmn smnsr he Taaelle Jreecetoat 3o tha emall cesla dicteibaotion AF coone



Livevtaek

The main categoties of livestock in the repion are large ruminants (cattle and camels), small ruminantz (sheep
and goats), equincs {asses, mules and horses), pigs and chickens. The ruminants and cquines can. be fed on
roughage which are of ne dircct use to man. The distribution of livestock is uneven and it is governed by natural
factors such as the presence of tsetse fly, and hisvorical and cultural factors as well as vegetation types.

. The coastal and farest areas have low livestock populations. The northern areas (Sudan and Sahel zomes) are.

" freer of tsetsc fly and are therefore able o carry non-trypanoscmc-tolctant Zebu cattle and the sowthern area

{Guinea savarma and forcst romes) carry uypanosome-tolerant cattle Jike N'Dama and West African shorthorn
which are smaller and lewer yielding breeds. The pﬂpl]latlﬂﬂ of bivestock is- poverned by the degree of taeise
infestation, The pereentage of areas infested by tsetse fly in the Sahcl, Sudm, Guinca sevanna and forest zomes is
12, 50, OB and &% por cent respectively.

Fish farming (equacaltore and maricutturc)

Fresh and brackish water aguacultare, and to @ cemain extent mariculture, are practiced to varying degrocs
throughowt the wvastal zooe of the WACAF region. In morc recent times, the mole of fish farming -in mecting
the fish meeds of the regiom has been emphasized.  Captive breeding of economically important species like
Chrvsicthvs sp. Megelops sp., (luriay fazera as well as oyster culture are widely practiced in Céee d'Iveire, Ghana and
‘Migeria with varving Ievels of success, In (hese places, shrimp culture is also becoming popular. In Axngeola, the

©oculmre of mussels, Perng perng v widesproad.

34 COMMUNICATIONS

Ports apd barbours act es transportation access facilibes for marfiime activities and provide the lifeline for
socio-economic development of the rogion.  According to a recent survoy (UMEP, 1985) there are 134 ports,
harbours and terminals on the coast. Inland ports are hardly developed. Most of these. pons, harbours and
terminals arc linked by infricate road, rail and air tramsport routes that complete’ the wansportation network for
the export - import -wade that is the mainstay of most coonomies in the region. The dovelopment of airporis has

- followed thc same pattern as port development. As a resolt, virmally all international airports i the region are

located on the coast, some in the proximity of scaports. Coastal reads, some of which are presently under threat
from marine cresion, provide particularly easy access betwecen the coumbries while air transport afferds a means
of rapid movement of goods and peoples in the region. Within the countries themselves there are pood networks
of coastal roads in Angela, Cameroun, Cite &'Ivoire, Ghana, Nigeria, Senegal, ete. Railways also link some of the
coastal towns and provide mmmumcat.mn between the. coast and the food and mineral pmdu:mg areas . [urther
inland.

The relatively better compmwmications network in the coastal zonc owes is pre-eminence to the early hislogy
of Europesn contacts with the region which were mostly coast-based. The uncven narre of urban developmenl
in the region in colonial times which contimued afler most of the countrics became independent, has further
encouraged the concenlralion of transportation links within the coastal zomc, '

3.5 INDUSTRIES

When compared 0 America, Asia or Enrope, the West and Ceniral Afeican Begion is.. poordy industrialized

‘but the pertinent issue here is mot nevessarily the level of industrialization so much as the fact that (he industries

present are located mainly in the coastal arva more often i or around the capital cides. A good illustration of
this is the Lagos metropolis which is reputed o have about 835 per cent of the industries in Nigeria, Elsewhere in
ihe region, capital cities sUch as Abidjan, Accra, Dwkar, Frestown, Luanda and Monorovia, have morc than their
fair share of indusirial coprems.  Such indusiries include mining, oif and gas, potolewsn products, textiles, paper
and pulp, timber, brewing, pharmacenticals, plasiics, leather, lumbering, food processing and various other
marufacuring ‘industries. The major reason for this dmpmpml‘.lmmlt location of indusirics iz the desire on the
part of governments (which are major enweproneursy and other jnveswors to take advantage of the accessibility of
the coastal areas to (he yoatn .arteries of transport and communication as well a5 tlle proximity of admmlstratw::
Tacilitias. .

The operations af the industries also creale great demands om olher socio-sconemic amenities in the coastal
zome such as water, power, houginp, etc. T]J:: lmcan-::m of mimy imchestrics ou tha coast puts COOrMeNs PrEsSUIcS
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© 346 TOURISM AND RECREATION

- The West and Central African Region has a great deal -of anthropological artifacts, colonial monuments,
natural scenery and a variety of caprivating cultoral autribuyles (including. dance and drama) that constinte
imporiant tourist attractions. The region also hms some stretches of sandy beaches that could be twmed into -
magnificent tecreational facilitics. Omly a few such spots are already in use in some of the countries. It is probably
oot for lack of aesthetic appreciation that many of the anractive beaches are inadequately developed for tourism.
Rather the low socio-economic stamis of these countries has resulted in a delay in the development of beaches as
tourlst cemres, since capital investment is limied wnd needed for -socio-economic advancement ‘to meet hasie
human needs rather than for the develepmoent of tourlsm. Thus: except perhaps for Gambia, tearism is net yet of
great signjficance in revenue generation for many of the countries even ﬂmugh the repion is endowed with natural |
ourist attractions that are eminently suitable for development.

Nonetheless, some of the beaches, such as Labadi beach in Accra, the Tropicana beach in Lome, and the Bar
beach in Lagos, provide crude facilities for relaxation for residents of the cities and overseas visitors, In promoting
tourism in the region, great care must be excreised mo the siling of tourist facilities ob the coast in order net to
produse megative impacts. Dug atientiom must also he paid to the merease in fresh water consumptipn and
increqsed pencration of sofid and Tuuid wastes both of which will pot- additingal pressures on coastal ecosystems.

4, CLIMATE CHANGE AND VARIATIONS IN THE WACAF REGION

" 41 TAST, PRESENT AND FUTURE

Since the late 19605, West and Central Aftica in particular, and Aftica in general, have becn facing a scries of
environmental and socic-economic comsequences as a result of floctations and changes in climate, and most parts |
of the reglon have been sobjected to a serics of ununsual episedie, elimatic.and hydroclimatic evenis such as
droughis with their consequent crop failurcs, losses of livestack and widespread starvation of the local .population.
Prelonged. droughts bave caused famine and death in the affected aread and have led vo mass migration . of
inhabitants to other parts of the region including the coastal areas. Io particalar in the southern border régions of
the droupht-stricken Sabava desert and (he Sahel regions of West Africa, the drought episodes have considerably
rechuced food produclion and Ted o & series of soric-econonic problemns ey only o e arcas affeced but also in
other parts of Wesl Africa including the coastal areus which caperienced socio-economic preblems as a result of
the migrations of affected people. These events have demcnstrated the sensitiviny of buman welfare and the
mations’ gconomic planning and development 1o climatc and hydroclimatic events. Their impacts are so great that
they have anracted world-wide atention and have led o the realization that there s a growing. volnerability of
society to climaric flucmations and change and have created an awareness of the need to smdy the characteristics
and consequences of climate chanpe. The necessity for a sound knowledge of past, present and fumre namral or
man-made climates angd climale chapge and their impact in the region, and Tor close examination of the
predictability -of futire climates and climate changze for (e pirpese of wamjng of possible adverie mnacqunmes
of fuwre climates and climate change have been made - apparent.

Some of the questions which reed answering include: “What axe the changes o the past climates of West and
Central Africa? What changes are currently taking place? What are the trends in the present climate amd. climate
change? What are the possible fisgture varjabilities and change? What are the posgible effects of the climate changes
and wvariaions? Which areas or sysems of the repiom are most vulnerable .to changes and variations in climare?

42 THE NATURE OF THE FROBLEM

Any impact analysis of . assessment of climate and climate chunge and varisbility must involve three naiural
time s¢ales, namely; (2) the shori-term periods which range between weekly, monthly, seatonal and annial
periods; (b} the medivm-term scales which cover several decades; and (¢) the lomg-term- scales of humdreds,
thousands or even millions of years. Particularly in the WACAF Region, it is important o realize that the impacts
created by the short- and medium-term fime scale variations or change in climate play a more significant role in
croating awarencss en the part of the governments and pecple of the region for the need to examine the mipacts
of climatc change and variations than do the longterm variations.  The various climatic events particularly
droughts amd floods which are normally on shert- and medium-term scales have caused so mmuch damage in the

‘region that there is a growing awarcmess of climate-society inter-relationships amd of the socia-economic

consequences of climate change and variations in the region. It therefore follews that the nature of the problem
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in climate. In addition, the nature of the problem of climai: chungac and varialions mvulws the spatlal vunahlht}r
in distribuiion of climatic - parameters.

43 GRENHI)USE GASES AND CLIMATE CHANGE

The general consensus 15 that human action is Dow an important facln::r wh.ich affects 1:!1& delicate balance of
forces which determine the earth’s climate. Particularly in recemt years, thie factor has been Lnown to have
significant impacts on, and caused changes in, aspects of the global climate. The amospheric concenrrations of
a oummber of trace pasea are known to be incressing and some of these gases have important effects it trapping
energy from the sun in'the form of heat. Since the beginning of the century, the rate of carbon diexide increase from
burning fossil fuels has been shont 4.3 per cent per vear, a steady rise that slackened only during the two world
wars (Kellogg and Schware, 1982, Rotly 1979; Figure 8). The effect of the increase in concentration of these gases
has led 1o 0 warming of the earth-atmosphere system and hence to a change in the climate. These effects, normally
lnown as the “greenhouse effects” arise from the fact that the gases sbsorb the infrared radistion coming from the
carth's surface and re-radiate a part of it back to the surfice, thereby warming the globe. The most significant of
the gascs is carbon dioxide (CO,). Other significant infrared-absorbing gases added to the atmosphere inclnde
chioroflugrocarbons, methane, carbon menoxide, nitrous oxides and ozeme.  Althouph cathen dioxide contributes
significanily te the current warming of the earth’s smurface, these other gases are also important in changing climate
{Figure B). Indeed, it has been moted (har-these other gases couwld increase the preemhouse warming effects l:-y 2%
much as 5} per cent above the warming from CO, (Flohn, 1979; Ramanathan, 1980).

-The climatically-induced sea-level changes would be the samec ¢verywhere om carth although relative
sea-level rise will be affociod by local geological and tectonic phenomena. In contrast te the cxpected. global chanpge
in ses-level, there would b repional and focal difietences in the degree and rate of temperaturﬂ changc the incrcase
ar low larimdes will be smaller than thal m the Imddlc amd hjgher latitndes.

According t the agseumptions accepted for this sudy, the tis¢ in plobal mean surface temperanire is expected
to be in the range of ahont 1.5-4.5°C while the sea-level rise is expected to be betwzen sbout 20 em and 140 o by
the cnd of the next cenmry. Based on these expectations, it is aseumed that both evaporation and precipitation may
increase to varying deprees and relative bumidity possibly in (e range .of shout 2-3 per cent for each degree of
global warming (WMO/TD, 1988). Thus it is reasonable fo expect that both precipitation and evaporation would
increase, possibly in the range of 5-20 per cent in the lumid tropica! regions. This sitwation weuld however vary
from place o place, and thore may be a decroase in precipitation rate in some locations and n different seasone.

DECADAL INCREMENTS OF GREENHOUSE FORCING o
(AT} In the computer kemperaire change  at c]:f;g
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Tn the humid tropical region which is already too hot and too wet, the increass i -both precipitation and
temperatire could have significant environments] impacts. The increage in rainfall may occur at the same time
as increases in rainfall intensity and greater frequency of vielent storms fnd of some tropical storms particularly
tmrriesnes.  Shifts in geographical patterns of rainfall and cleudiness may also be expected. Since the increass in
temperatmure would increase evaporation and potential evapotranspiration, there would be 2 tendency towards
more drought etress in many if not most of these bumid tropical regions. With increased ocean temperatures,
tropical sterms {e.p. hurricanes and tornadoes) are likely o exiend into some. humid areas of the WACAF- Region,
where they are now less common  Where they already ecenr, incressed intemsity of winds and raiofall might be
expected. - : ' oo '

. Tn contrast to the humid tropical rcpions, the savanna and semi-arid arcas are likely to experience a decrense
in precipitation ratc. This, coupled with lemperature increases would reduce soil mcisture availability
{(WMO/TD, 1988). These savenna and semi aod tropwal regions already suffer from seasonal and inder-annual
climatic variability and there has been dicught persistence and active desertification particularly since the
mid-1960s. Future climate change conld worsen the critical problems in these areas particularly with regard to food
production and availability, watcr availability, fucl wood availability and changes m human aat:lcmcnta in
response (0 impacts on ecosysterns. Detailed analysis of these impacts is given below, :

44 SHORT- AND MEDITUM-TERM CLIMATIC VARIATIONS

As glready noted, a fealure of climats change is ils implications for relatively short- gnd mediom-term climatic
variations and their impact on the society. ™ Ower the past thres decades, West and Central Africa have witnessed
marked climatic and hydreclimatic events and their consequences. FEpisodes of “abnotmal” climate have eccurred,
in some cases, lasting for several consecutive years. These events which result in droughts, or floods are
characlerized by temporal and spatial variabifities with regional and local differences in their impacts. The

_seriousness of such climalic evenls iy likely o be intensified by climate change for the following reasons: (a)

precipitation rades anc Hkely W increawse in e humid areas increasing the peobability of floods, (b} precipitation

‘rates are likely wo decrease im the Savanma wnd Scmi-grid asreay decreasing soil moisture availability, and (c) the

increass in temperatures will ‘increase evaporation leading 1o Joss of soil moislure and preaier moisturs stress for
plants.
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. Figures 9 to 12 illustrate the temporal-spatial variations which climate may cause and whose characterisiics
are likely 1w be mﬂﬂﬂ worse with climate chamge, Flgure 9 for example, shows the irends of the anmual rainfall in
Wes[ Africa belwren 1900-1985 averaged for 60 stations in West Afrea (Gjo, 1987, 1987b, 1988, In general, .three
major periods can be observed.  Fiest, a geuera.]])r dry pr:rmd which lasied between apprummatel}' 1901-1927, with
breaks of relatvely wel perivis whicl' lasted one or twe years each. The sceond period i a relatively wet period
which lagted from approximaicly 1928 w 1960, For most of this second period, two or three relatively wet years
were generzlly followed by unmther lwo or three vears, charactetized by pear normal but siightly drier conditions.
During the third period berween 1961-1987, (he first six ycars, from 1961-1966 werc mainly normal or-slightly wet,
From 1967, droughts have been relatively persistent and the indices for most of the ycars arc between 0 and -2,

4.5 SPATIAL VARIATIONS

. As already ooted. the amalysis of the problem also involves a comsideration of the spatial varjations in climatic
clements, particnfarly rainfall. For example, Figures 10 and 11 show the spatial variations in rainfall for four of
the climatic ¥ones in Wesr Africa. Thr. figure shuwa hat considerable variations ocour bcmraen the cifferent
clu:uam: ZONES- : . :

For example, a& can be noted from Flguees 11 and 12 drought conditions were meie persistent and morte
widespread in the Sudan savanna, the Sabel savanna and the Southern Sabara than in either the tropical rain-forest
region or. the Gmines savanna,  Such spatial variahility is imporlaml on a locational basis and withio the same
climgztic region. ;

4.6 NATURE OF THE PROBLEM AS FEEDBACKS TO BE INTENSIFIED

The gencral impact studies involve dealing with 2 sequence or hicrarchy of problem aress beginning with man
and pawre interacting with each other (Fipure 13). Nature, which in this case iz climaie, imeracts wilh the other
componente of the environmental systemse, while man’s sctivites, (for example, agriculture, -lumbering and

- industrial ‘and transportational activities) create man-made climates on global, regional and local scalvs.  The
resvlting regiomal and local climate chapge and wariations determine the effecis on environmental procosses and
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specific activitics as well as the characteristics of the economic secters. Such changes and variations have
consequences for agriculture, water resources, industry, energy supply and demand, fisheries and marine
. resourees, human health, transportation, diseases, population processes, towrism and recrzation. They also
determine energy requirements on 2 national and regiooal -basis. The effects on specific socio-sconomis activities .
in tom determine the perception of impacts, public awareness and the public demand for action or adaptatiom, and
thus defsrmine the probable or desirable responses of the societies, These processes result in “cascadcs™ and
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Figure 11: Percentage frequuncy of modevate droughte in West Africa {1901-39)
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“feedbacks™ of “causc and effects” which close back on themselves in the last step. These processes are likely to
coniinue, but with man having greater mfluence on the mechanisms by guickening and intensifying the . Drocestes
of chmatc and climate variations ad change dhrough his actions on socio-cconomic activifics, which in the final
analysis would create man-made climaies,

5. PRESENT STATE OF THE ENVIRONMENT

The West and Central Africen Region faces many common environmental problems. Owing to the
mdiscriminate disposal of domestic and industrial wastes, pollution has become a serious problem particularly in
the coastal areas where many of the inhabilants live and mest industries are loesisd.  Agsin, by icasos =Ff fhe
geological evolution and present geomorphology of the coasts, marine ercsion and concomitant flooding have
become scourges in the tegion particularly in the Gulf of Guinea area. The ecological damage associated with these
phenomens 2. preat with attendant distuptive socio-economic irpact.

In the last four decades, the regien hae had more than iz {#ir share of natural dizasiere inchading flash floods,
drooght and desertification brought about mainly through the vaganes of climate but which have been aggravated
by poor land use practices such as over cultivation, over prazing, devegelation, bush burning, soil erosion and
salinization of sarface and proundwaters. General envirenments! depgradation has become a serious problem . with
severs zub-regional vatiations,

5.1 POLLUTION

The. marine contaminaniz of significance 0 the WACAF Bepion are pathogepie sucrp-organisms, petrolenm
bydrocarbons, organechlorines, polychlorinated biphenyls and metals.

The prevalent practice in the region is to discharge raw or partially treated sewage and night soil directly into

estuarine and coastal waters. This poses a potential heafth hazard to man both through dircct infection by

pathogenic organisms- and indirectly through ingestion .of contaminated living marine resourccs {fin fishes,

. crustaceans and bivelves) {Ibe, 19%6; 1988; Portmamn ef af, 198%).

" Pesticides are used in the region to combat the multitudes of pests that abound in arable and -cash crop Farrning
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where they produce Imown deleterious effects for marine organisms and humans that consume them (Osibanjo -
and Jensen, 1980; Faulkeer, 1985). More recently the massive switch from use of organochlorines to
organp-phosphorys has resulted i the introdvetion of large quantities of phosphorus inte coastal waters therely
increzsing the periodic incidence of harmiul algal hhwwns md eutrophbication. : ,

Hydrocarbon polhation results from exploration-expleitation activities, petroleum refinery prodects, and oil
trapsportation and marketing operations. Most of the covntries in the region are. to varying degrees, oil producers
and some of them (Cote d'lvoire, Cizhon and Nigeria) have important refining industries and the repion lies in the
path of heavy internationa]l raffic of petrolevm tankers. The incidence of tar ball loadings on some beaches in the
region gives an indication of the high level of petroleum pollwion in the region (Ibe, 1986). Results from a srud:,r
of streams and rivers in the nger Delta by Imevbore and Adeyemi {19813 showed oil levels in surface waters in
the range of 10-4% ppm with increasing levels towards the sea coast.

There are very limited data on the levels of metals in waters, sedimentz and biota from the regien. Chester
and Stoner (1914} have reported values greater than 1 ugfl for Zn, Ni, Mn, Cd, Cu and Pb in water in the West
African Region. Calvert and Price {1970) found values of 130 mg'kg for Cn, 460 mgfkg for Ni, 30 mp/ke for. Ph,
and 340 mgrkg for Zn in sediments off Mamibia, although the anthors atiributed the rather high values to organp-
metal complexes. Calvert abd Price (1970) also found the following values {in mg/kg) in plankton in the Bengueln
Current: Cu, 300 - 6,000; Pb, 1200 - 1300; Zn, 6000 - 9000. Whitchead {1985) thinks that the high values may be partly
attributed t¢ contamination problems during sampling.

In addition to the major pollatants described above, other important poIlutants in the region ioclude greases,
phenols, ﬂwunde and ammonia (UNEP 1934),

52 CO&SI’AL DEGRADATION

Recent region-wide reviews of the state of the coastal nnvuonmmn (UNEP I985; Ibe and Quelennec, 1980
have shown that matine erosion and inundarion of the land by the sea are prava.leni along the coasts putting life
and property econtmually at risk. In some places, whole wwns (e.g. Grand Popo in Benin end Keia in Ghana) bave
virtually disappeared.

The natural factors responsible for widespread marive ercsion and foeeding in the region inchde the low lving
nawre of much of the cosstline, the high intensity of wave action along the coasts, vulncrable sediment type, the
microtidal namre of the cosstline which ensures that the waves act at 2 consistent level, the presence of offshore
submarine canyons which act as.chutes down which eroded sediments are camricd to decp water sinks and are lost
‘forever®, the contitinng subsidence of the major sedimentary basing in the rc:gmn and the gl{:rbal rise I mean sea-
lewel.

In many instances, the intervention of man n the natursl cuvironment has exacerbated the impact due o
natural factors. The most obvious changes have been brought about through the construction of artificial structures
along the coast particularly those associated with jotty and port development. At Cotonou (Benitd, Lagos, and
Ezcravgs (Migeria), and Lome (Toge), the consiruction of jettics and harbour protection breakwaters hes led 1o
phemomenal -erosion problems on the downdrift side of these ports.  More moderate erosion has been rap-urt-:d
downdrift of ‘the mlcs. of the harbours of Monrovia and Buchanan in Liberia.

Such crusion relcases preat tonnages of sediments into the mastal and marine enviromment therchy increasing
the wrbidity of the water. This might impair light penewcaton and affect the migration pattern -of coastal fishes

- patticularly jn their larval and jm'majlﬁ siages. The sediment may directly smoother bendlic organisms,  Also, by

causing shoreline rereat, such erosion allows the inland mtrusion of salt water imto surface fresh water and
groundwarer agaifers as well as klling vegetation.  The water chemistry of adjoining spmlmmg and nursery beds
such as mangtaves s also altered by soch salt wedge inusion.

Land reclamation of brackish and freshwater swamps and caoalization of coastal lands are becoming regular
practices in countries in the region. These practices produce a permanent alteration of the fragile coastal
ecosvstems. They penerate high loads of suspeoded solids, the siltation from which smothers benthic organisms
and .in particylar sesyile formy ke ablached vysiens.  In Lagos betwesn Janoary and March 1984, ntensive dredging
of the lapeom s part of (he city development praject resulted in the phenomenal incresse in the torbidity: of the
waler of most of the embayments. The resulting siltation smothered fish nursery beds and damaged the entire



provide hydeoelectric power and water for irrigation, UNEP (1983} esfimates that dam copstruction in the rogion
has reduced the flux of sediments by approximatsly 70 per cent, threuph trapping sedimemts that would othorwise
reach (he coastline. Retrear of coastal land 15 an obvious comsequence of dam construction, and has been reporied
in the coastal setilements i the Niger Delta (Mcdowell er af, 1983; Ibe and Antia, 1983) and in Ghaoa where the
canstructivn of the Akosombo dam oo the Volta River bas contrihuted o the partial disappearance of - the .coastal
town of Kela dues 10 marine eposion (Ly, 1980). Many dams alse cxist m Anpola, Benin, Cote d'Ivoire, Mauritania,
Sepegal, Togo aml Zaire aud have been repmted 0 have had similar mmpacts on the coastline {Ibe -and Cuelennec, '
15897,

The reduction mn Teeshwater discharge 1o the lower esmaring rcaches of rivers duoe to dam construction tesults
in pronounced intrusion of sall water wedpes further inland. ~Such salt water intrusion can have important
ecological effects on the. fuuma and Tora ol the coastal aod nearshore zonc, Destruction of mangrove and rain forest
swamps in the region due to sali water 1ntruswn baz been reported (Ibe, 1938).

The reduction in freshwater diﬁc]]arge and ils lvad of disselved ootrients to coastal and nearsherc zones hes
led to highly significant decreases in local fish productivily along some parts of the MNigerian Coast (The, 1986).
Dieforestation of (he coast and in particular the cutting of mangroves for fuel wood, butlding, siaking fish traps ste.
or for salt mining opCralions as. in Benin, Ghana and Togo, as well 23 sand mining on or near the beach are adsiltmnal
sources of coastal degradagon in the regiom.

~ An increase in freshwater and reduction in sali-water mtrosion has eoccurred in Lhe Tower Yoltz, as a result of
serigus hlockage of the Volta .mouth in Ghana, following the comstruction of Lhe Akesormbs Dan.  Long periods
of -dronght from 1974 have not allowed spilling Trom the dam for the past 15 years, a sitwalion which has virgually
eliminated peak Mows n the lower reaches of the river which are pecessary for periodic brexching of the sand-bar
formation. The previous proeess of cvelic bar formation i@ being arned imo a permancnl une, which has brought
ghout a change in the ceolopy of the estuary, with its aticndant problems of weed gmwth anid Hilhareia mt‘astatmq
dve’ to deastic rednction o osalindty in the area. '

53 DROTGHET AND DESERTIFICATION |

Droughts have been relatively pergistent in West and Central Africa since the mid-1960s. These droughls have
been caused by ‘deparures from normal elimatic patierns aod constituie climare hazards which nerease
desertification and disrupt econpmic and social development and imperil human lives in ihe desern-prone areas.
The climalic elemeris of significance include rainfall, solar radiatiom, temperamre and wind.

The spatial variations of the climate of the WACAF Repgion show tha (he Savannas ind Semi-arid climales are
to the morth and south of the 1,110-mm isohyet. i is in these areas that the impacts of drought and desertificalion
are st noticeabie.  The s severely hit areas are those 10 the north of abomt 600-700-mm isohyer. In the WACAF
Region, the drought-prone areas are mainly in the Sahel tegion, to the north of Senegal and along the Mauritania
coastlands, and to ihe south of Angela and slong the coast of Namibia. In these areas, the ecosysiems are exwemely
fragile and develop under very extreme emviroamental conditions and recover only very slowly when dhese
conditions are disturbed. The fragility of the 2rid, semi-arid and Szhel eeosystems is associated with a soil moisture
deficit. o many cases, these drought-prome arcas snffer erraric raimfali and are characterized by high rainfall
variability and unrelisbility, In any particular year, the rainfall amount and distribution is never adequare to
provide sufficient water 1o balance evapotranspiration losses from the emvironment. Droughts also occur in. the
sub-humid and humid climatic regions and in these areas the ecccurremee of rainfall below normal and the
intensification of human activities have increased Lhe incidemce of drought and desertification. However,
the frequency, severity apd widespread nature of these drouphtz 2nd desertification are less than in the arid,
semi-arid atd Sahel regions of the WACAF Region.

Among man's activities which significantly distorh the reological balance and canse desertification are
agriculoural and graming aciivities, deforestation for fugl wood ot for copstruction” timber apd bushfires.  Once
cxposed after clearing for agrmulture the suil surface remains unprotected from water and wind erosion.
Orhergrazing arises because the carr}rmg capacity of the arid and scri-arid areas is excreded particularly during
periods of water stress. The incrasing pressure on wood for fuel and construction makes wood species scarcer,
reduces the shading by trées of the soil surface and vauses disturbance of the soil cover and preater exposure 10
wind and water erosion. The use of fires for clearing in preparation tor the prowing sesson or for hnnting wild
animals Tesults in destruction of the soil cover includimg debriz and layers of organic matter in the upper herlzon
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where population pressure is high: and secondly, hnman activities influepce climate and the environmemt, With
buman imterference, the mieroelimatic conditions on which the natural vegetation and l:.:n;rp@ depend are adve.rsel}r
sltered. Both of these factors apply in the WACAF Repion,

6. IMPACT OF CLIMATE CHANGE ON PHYSICAL PROCESSES
6.1 EROSION AND FLOODING :

As stated above, erosion and {looding of coastal lands are twin scourges alomg the West and Central African
coasts. In some places, the rate of shoreline rewreat and the frequency of inundation of land by the sga are putting
li_‘l:FEE and property. continually st risk. This worrying simation will M exacerbated by a rise in sea-level.  The
seriousness of the predicled rise in sea-level with respect to erosion can be deduced from the data of Brmn (1962)
which showed thal even a vise of 0.3 m {1fty wiil canse shereline recessions of mere than 33 m (100f() with the
pussibilily of much higher recessions in marsh and other low shore areas which are comman in this region.

A rise in sea level will result in the over tepping of low lying heach ridses along the WACAF coast. This will
become even more threalening whenever storm surges coincide with spring tides. - Bartier islands in Benin,
Chte d'lvoire, Ghana, Nigeria and Topo and low Iying areas in Angola, Guines-Bissan, Guinea Conakry, Liberia
and Sierra-Lecne wili be very vulperable to flaodimg. Many of the barrier islands protect the rich, low-lying coastal

Jands against storms and enclose and protect the rich natural resources of estuaries.- marshes and mangroves.

Many of these barrier islands are heavily developed and urbanized with most country capitals sitiated on
them. Flooding of these urban areas will cavse destrnction of property and lives. Many industries and oil handling
facilities built near the cosstline will also be affected by flooding. Surfare freshwater on which many eoastal
activities depend will merease in salinity with rising sea-lewel.

Lagoons and mangrove and delta ecosysterns which are very productive are found in many parts of the
WACAF Region. Sea-level risc will result in flooding and disruption of these {ragile ecosysterns.

Agricultural land situated close 1o the coast will be flooded and inercased salinity of water and seil will lead
fo reduced food production snd cash crops. For example the rice field preject in Koba-Guinea is situated just
behind the beach cidge which if flooded will deprive Guines of its income and food from thie source.

The impact of sea-level rise along the Wost and Central African coasts will be worsened by the continming -
subsidence of the grear sedimenlary basins that occur in the region. Subsidence phenorhenon occyrs not only
because the sediments of the basins were rapidly depoﬁited and therefore are still undergeing dewatering and
compaction but alse because of man's imtervention in the natural envirenmeni throwgh the extraction of fluids
{incloding oil and gas} from the coastal zone. :

Specific informalion relaling sea-level rise 10 subsidence phenomenon has come from the palep-data of Allen.
and Wells (1962} who used o series of dead coralline banks in shallow water off the Nigerian Coast to identify
subsidence stages over the last 4,000 years. All the observed subsidenee (approzimatcly 80m in about 15,000 years)
in the south western Niger Delta has been caplained by Buwke {1972 as having resulted from the eustatic sea-level
rise and the associmted isostatic adjustments to water lowd.

LY

6.2 ATMOSPHERIC AND OCEAN DYNAMICS

Owing w the fact that the waters of the Tropical Atlantic are vnder the influence of the iropical anmospheric
cicculgtory system, the potcmtial impacts of global warming could be highly wvariable. One impact could be the
maodification of the wind patterns, in terms of intensification of the winds and comsequently the currents as well.
Lezs of heat threngh evaporation From fhe ses may {urther increase wind strength.  The high sea temperature and
the increascd wind force may lead to frequent occurrences of thunderstorms, and way also -bring about more

 micnsive upwelling in the arca and a consequent lowering of surface water temperature in the coastal zone., The

development of larger waves due o increased wind force and an increase in the velocity gradient of the curzent

in the upper water layer may resujtiuauLunrpawiuthedapthufthﬂuppﬂrﬂﬂmdia,}farasweuﬂsadegm in
its temperature.

Congequently, the strengitheting of the trade witkls conld be followed by the appearance of nepative anomalics



A significant feature of -this region of the Hematorial Atlantic iS.a surfacing therhocline whose movements
induce impertant variations in sea surface temperatores which can have preat climate consequences.  Seaszonal
displacement of this thermocline s linked w0 an equarorial and coastal wpwelling phenomenon nat yel clearly
explained: by the classical copcepts of Ekman's theory. andfor of advecton. At present neither the role of the lacal
wind forcing, nor solar radiation, nor even the increase in verticsl mizing at-the equator adequately sccounts for
the phenomenon. Along the Northern coast, part of this upwelling eonid be -induced by the intensification of the
Guinez current either directly with the geostrophic adjustment elevating the thermocline or indirectly via o
dynamic effect at Cape Palmas in Cbte d'Fvoire and Cape Three Poinfs in Ghana. The possible impact of global

warming on this thermocline might be o mcrease the vertical extent of the upper mixed layer with its COmsequent
tdeprassion

It haz also been suggested that sea-level rise will cause a confinued deepéning of the continental shelf beyond
the depth of closure remﬂlmg in an increase in effective wave height due to a reduction in bottom fricrion as 8 result
of greater depths. "M is (hus 1o be expected that the present ocean dynamics (wave height, petiod, breaker length,
fongshore current direction and mapnitude, ete.} influencing the coastal zone will ehanpe. A change ot
modification of ocean dynamics, particularly nnarshm'e dynamics, w1ll affect the sadiment fluxez and henee
sedirnent budgetz along the -coast,

The sbove impacts are a few of the possible conscguences of glohal wmnmg on the ocean dynamics of (he
WACAF Region, they can ouly be further elucidated through the collection of more cbservational data, and fhe.
development of regional sceanographic models.

6.3 DROUGHT -AND I}ESERTIFIC&T[DN

As glready noted elsswhere climate change would increase precipitation and evaporation-in the very humid
areas, patticularly the coast] aress of the WACAF Region. Since (he rise in ternperamire would increase
cvaporalicn and potential evapotranspiration rates, there would be a {endency for droughts and desertification
to gccur in meny areas, partrc:.ularlg,r in savasna areas where mcre.ased evaporalion rates are likely to be
considerably greater than the imcreases in precipilalion.

It has been noted already tha short-term  climatic variations and hyman interference arc siemilicant factors. in
enhancing the impacts of droughts. It is also reasonable to expect that the current relative persistence in drought
conditions i3 likely to continue wntil the beginning of the twenty-first cennuy and that upnless adequate reasures
are taken to avert or reduce the comscquences, the ndverse mpacts of the droughts may be considerable, . Thw
assumption is bascd on the projection hat population pressure and homan interfersnce would be considerably
higher than at prescot.  Vegetation is likely to becorne more degraded than at present while soils are likely to suffer
reduced fertility and crosion, Savanna will be affected by encroaching by sand dunez apd - desertification: while
most of the current areas wsed for nomadic herding are likely to deteriorate, causing considerable losses of
livcstock. Both surface and groundwater arc likely to decline resulting in high sefl moeistore deficits which will be
enhanced by the high intensity of solar radiation recerved and absorbed and high temperaturcs, creating preblems
for human activitics particulasty agricolare. Salinization and alkalinization may increase and because of the

exposure of soil- suwrface to atmospheric processes, water and wind ercsfon is likely to increase.

7. IMPACT DF CLIMATE CHANGE ON RENEWABLE AND NON-RENEWABLE RESOURCES
7.1 EFFECTS ON HYDROLOGY, WATER RESOURCES AND WATER RESOURCES MANAGEMENT

The implications of climate change and sea-level rise on water Tespurces and water management must be of
grzat concem 10 scientisie, governments and the general pablic of the WACAF Region because of their sigmlicance
to the Tife and economy of the region. The development of agricutrere and industries as well as a large proporlion
of domestic activities largely depend upon water supply. Tndeed, in the WACAF Region, agriculiural produciion
depands ot water supply either (hrough rainfall or some form of irrigation. Unfortansiely, a large propertion of
the pr.}pu]a(mn in the remion lacks secess to adequate fresh water supplies, and in the face of rapid populalion
prowth and rising 5taﬂdards of lwmg with mcreased demands for water resources, this simation is likely to
Jeteriorate. '

Ac for athar arnelimatic orereme and ofher nhveicsl nrocesses. the dmolications for water resources depepd
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S¥SIEIE, especially precipitation, would alter ihe availability of water resources. This in fwn leads to changes in
management strategies and characteristics of water 'tesnurces in order to balance water supply and demand,

- In general, five types uf water suppl}r gystemns are important in the WACAF Reglm The first categur}r mludes
thoge that depend mainly upon precipitalion concentrated in the wet season of six months or less. The stoond
category meludes water supply systems which are based on river regimes or flows that -do not store significant
amounts of water for use during pericds of deficiency. The wvariations in these regimes depend mainly on the
variations in rainfall. Tn each of these two categories, decressed precipitaiion leading to greater water stress would
lead to considerable economic losses and/or ifinaneial stress, a5 well a3 adverse consequences on socio-econotmic
activities and population processes,

The third caegory of water supply systems which may be affected by climate change and sea-level rise snd
which may have significant socio-economic atd socio-cultural implications sre those based on precipitation wihich

ocelr inomost months of the year (i.e. ior more than six months). The impact of decreased precipitation may be -

Ieas in the areas vnder this category of water systems, as there ‘may be the tendency for increased
precipitation.  However, increased precipitztion and sea-level rise may cauge floods and goil erpsion in thess arcgs,
The new hydrometeorological and water management svatems would therefore nesd to find solutions to the
problems created - by these hydrowneteorological and h}'dmcllﬂ]ﬂlu]nglca] events, namely, ﬂoods and erosion and
salinization of water systems.

" The foorth category of water suppl}" systems which may he affected by climate change and sea-level rise are
those based Upon man-male reservoir fystems which smooth out intre- snd imter-zmmnmal variations i ronoff
and water storage.  For this category, water is released as and -when required for agriculture and other
purposes. Examples of this category intlude smich man-made lakes as these of the Kainji and Akosombe dams.
In thiz category, decreased precipitalion may have serious implications as there may be water shortages o maintain

needed storage capacity for later releass. Water shortages in these reservoirs may adverscly affoct socio-econormic

activities with considerable socio-economic etress.  They may, for example, have considerable floapcial implica-
tions and lead to hunpger, (amine and death.

The fifth calegory of water resource sysiems are fhose based on the groundwawr resources. In this casc,
decreazed precipitation would lead 1o increased depih of waier tables and grester difficnlties it obtaining the
groundwater lor socic-economic activities as well gs fouling this water through salinization. Thus, as for the firse
two categories, such a decrease would. lead 1o increased water atress, socio-cconomic problems, changes inm the
man-covitenmental systems, and dislocations of setlements which could result in dislocations of the
soeio-culfural - characteristics of the areq.

7.2 EFFECTS ON ENERGY RESOURCES AND UTTLIZATION

Ag already noted in Section 1, climate change duc to the greenhouse effect may result in changes which may
have significant impacts on energy resources and cnergy utilization In the WACAF Region. Ameong the impacis
which could be of significance are: {a) ncroascs in tomperamre; (b) sea-devel rise; (<) increase in precipitation in
the tropical humid areas and a decreasc in the savanna and semi-arid areas; and {d} incrcase in evaporation. As
already noted, these consequences of climale change would have sigpificant impscts on environmental and
population processes which in mrn would influcnee ceological conditions which would bocome less favourable
to the cxisting biome. Because many arcas would be characterized by increasing drought stress caused by the
climate change and man-made impacts, there would be greater stress on the [orests for fucl wood. This fact coupled
with the lmndation of the coastal areas which would resnlt from a combination of imcreasing sea-level, greater
chance of storm surges and rising peak tunolfs would decrcase the areal exvent of forests and consequently the
availability of trees for fuel wood. Submergence of the coastal areas would alse be significanl by making the
anshore development of petraleum indestty more difficult and moere expensive. Thus, in gencral, areas of biomass
production would shift and possibly become compressed and reduced in arsal extenl.

Climate change and the consequent impact on human processes leading to mipralion are expcted to Jowd Lo
incressed population pressure and greater imensification of the use of fuel wood in tnany argus. This would in wm
aggravatc envilommental -problems comunonly associated with deforestation and degradation of thﬂ land surface
through man-made microclimates and desertification.



some parts of the WACAF Region and this would lead to a decrease in Lhe suppl:l.r of hydrnclcl:tnmtjr lcaﬂmg o
many socio-cconomic problems.

7.3 EFFECTS ON VEGETATION AND ECOSYSTEMS

Coastal vegetation and ecosystems will be particularly vulverable to the linpact of an accelerated rise in sea
level. The impacts may be direct or imdircet through the alleralion of the hydrological repime.

Mangroves are the characteristic littoral plant fovmativns of shellered coasilines in the esiuaries, bays and
lapoons but their survival depends on the right mix of {resh and saline condilions.  Sosiained Dosding 25 a resoll
of sea-level rise will impose salinity stress that will lead o (he decimution of the mangroves. For (he Same reasan
fhe (rees, shrubs, grasses, etc. that characterize the freshwatcr swamp zone [urther inland will shrivel and die. The
2! af (1987 and Ehisemijn (1985) have reported massive vepetation kill along (he inmsgressive mud coast of Nigeria
a5 a result of salinity stress consequent upon the continued rapid reweat of the coast and the inflox of sca water.
It iz therefore expecied that the distribution and composition of the coastal wegetation will be affected with salt-
loving species increasing. This may profoundly affn:ct the present distribmion and importance of economic plnnxs
in coastal areas.

The mangrove habitat presently provides fish, owsters, fuel wood, charcoal and consmuction marerials for the
communities living in the coastal areas. These materials are wed in the growing of rice, industrial and artisanal
fishery and hancy productiom.  Restricted areas are grazed. Plantations of rubber, bananas, patm odl, raffia palm
and pineapples are found on the epland soils along the borders of the mangrove coosystem and om connected 2andy
ridges within the mangroves. Thie vast socio-economic significance of mangtoves will be lost din the event of the
accelerated rive in seadlevel

7.4 EFFECTS ON FISHERIES

A seg-level tise nf the mapnitude predicted will mean an inondation by sea water of low lying arcas, including
brackish and freshwater swamps. The mangrove ecosystem, which is of particular significance o the regcnctation
of the coastal fishery, will be adversely impacted hecause thie particularly sensitive ecosysiem comstitutes the
spawring and norsery grounds for much of the coastal Tishery. It also serves as (e habitats of some Crustaceans
and molluges.

Salinity sirees consequent upon the ingress of seawater would lead to the disruption of the coastal fishery by
causing disorpanization in the launal assemblages in estuaring, deltaic and lagoomsl environments resulting
in the redistribution of species and failures in the reproduction and survival of their cgps/spores and
larvae/sporophytes.  Predator/prey relalionships would be aliered w ihe advantage of predators.  However, a
study of some of the living resources of these ceosystems reveals thar most of them are enryhaling and prefer warm
walers. It is probable therefore that elevation of water (emperamre may oot seriously affect them except those that
carmot’ stand temperamies beyond the range of their normal metabolism.

In the mannbe cnvironment, because of the presence of z shallow thermocline and upwelling in the region,
the living resources tend to occupy habitats with well-defined characteristies of salinity and remperafure.
Consequently any elevation of water temperature could produce diverse effects depemding on habitat
characteristics. For itslanee, 1l is possible that the tange of pelagic and demersal species may move inshore in
response 0 salimity changes or that those species which are limited 1o well-defined temperatore and salimity ranges
may be eliminated or change their location., The fisheries of the region comprise important pelagic species like
Serdinella aurite, 5. moderensic and Ethmalosg fimbriata. With the exception of Erhmaiosa, the sardinellas appear not
to be sbundant in the two sectors where the mixed layer 5 of low salinity, warm and present all the year round
(T > 24°C, § < 35 %.). With global warming it is likely thar the sardines may not be found in the Grain coast and
Bight of Biafta scetors. Similarly it has been obscrved that the yellow fin mna, Thannu albacore, migrates 1o the
Mauritapian coast in waters ahove 22°C and thrives in (hose at 23°C. With global warming this fish may mot longer
migfate to the Mayritanian waters. '

In the case of the demersal species cxamples can be found where global warming can lead W a disappearance
af coma emaciee frmwn fhe meoinn’e warares e e the ordakers fonnd o the littnral and below the thermocline where
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The joint Soviet-Sierra Leone oceanographic croizes in Sierra Leone waters in the palst owo years {1987/38)
have reported a warming up of the waters and 2 change in the eomposition of the fish stocks but longer termn data
are required before any definite inferences can be made concerning the short-term trends. :

8, IMPACT OF CLIMATE CHANCE ON SQCIO-ECONOMIC ACTIVITIES AND STRUCTURES
8.1 CLIMATE CHANGE ' AGRICULTURE AND LIVESTOCK PRODUCTION

Crop and livestock production and developmenot n the region depend on climate. In lee WACAF Rﬂgmn ﬂll.-

followinig climatic parameters are particolarly lmpurtant.

(Z) ﬁlr-tempcraturc,
{(b) Rainfall;

{¢) Relative humidity;
(1) Radiarion: and

(&) Windspeed.

Although temperanice and rainfadl are Gie mosl importact vaciables, all [ve acting logether delermioe
dislribuwion and yield of crops and population of hvestock,  Changes i e abowe climatic characteristios will
therefore affect agriculuore amd livestock production,  Among the imporlant expecled climate changes thae will
divectly or imdirecdy alfect crop and animal production in the Wesl amd Ceniral Aftican Region are the following:

{a) Iocreased rainfall and rising temperaiures;

(b} Increased variability and droughrs and longer runs of either wet or dry years;

{£1 Changes in agro-climatic zones and poleward shifting of agro-ecological zones; and -
(1) A rise in scalevel which is cxpected to accompany the change in climate.

The above climare change will affect crop amd lvestock prodoction thmugh theitr effects on changés in:

(2) The period of the potential growing season and changes in planl growih rales solling n changes In requomed
growing period;

(b) Crop yield and variability of yield,

(c; Level of crop certainty;

{d)” Yield guality; and

(e} Sensitivity of crops to differing levels of application of fertilizers, pesticides and herbivides.
Trerepsed reinfoll ond rising femperoigres

Increased rainfall will give Tise to increased crop production in the West and Central African Region. Staple
crops like maize, sorghum, millet, rice, cassava, plamtain, yams, cocoyam and (rec crops such ag palm oil, citrus,
avocado pear, cocommt, cocpd aruf Tuhber ate likely to achiewve or be close o achieving their full poential yields.
CGrass and fodder lepume production will alse incresse. The level of yield respomse o higher precipitation will
however, fint be the same for ail crops.” The level of yield response of craps such as hanana, plantain, cecoyam and
upland riee whose water requirements are freater will be h:gher ‘than that of maize, gorghum and millet with lﬂwer
watér requiteinenis.

High rainfall may however, vender some aress less suitsble for the cultivation of crops which are grown at
present, For instance, in parts of tropical rain forest rome of the equatorial climatic zome, increased rainfall widl
retkler pear neutral soils acid, rendering them less switable for the cultivation of tradifonal crops like cocoa.  Palm
il and rubber rather than cocoa may be more economically grown in such areas. Increased rainfall may zlse render
parts of the Guinea savanna zone of the north and south Ard zones too homid for the coltivation of r:mps such
as millat apd sorghym,

!mreased rainfall may also lead to incteased leaching of soil mitrients rendering them less prodductive.  Thus
the already low nitrogen and phosphorus centents of the soils of the region will be further lowered. This will call
for the application 0f mineral andfor orgamic f{eriilizers and drastic modification of soil and crop management

prﬂﬂtlﬁl.‘rﬁ



load .to rapid gtowth and mamrity of prasses rendering them less mutritious and less palatable. The lowering of
the feed value of forage plants wﬂl adversely affect livestock production. '

" Increased humidity and temperature will creats more favmlrahlc conditions for rap1d mulnp]mauuu of pests '

such as mosquitoes, tsetse fly, ticks, fungi and weeds. Malaria may reach ¢p1d¢m1-: Propoctions in many areas..
Trypanpsomiasis amongst livestock and sleeping sickmess among humans will increase. And temperature-' and
mmidity-sensitive plant diseases and weeds may incrense to cause greater ceonomic losses. Crop and livestock

husbandry practices will have to be intensified and improved otherwite food and livestock preduction will be

drastically reduccid.
Varigbility in ranfall end temperoiure

Climate change in the tropics is expected to rcsult in greater variability in rainfall and temperature both within
sgasons and beteeen years with more frequent floods and droughts and longer runs of wet and dry years. The
greater varlability in ramfall and temperamre will give risc to more frequent chengss in agroclimatic zomes. This
will increase the vanability in yield of crops in the different ecological zones, During wet years marginal areas with
fragile soils upsuitable for arable farming may be browght under mfcnsive cultivarion rendering them more
susceptible to desertification during perieds of drowght.

.Frﬂquaut floods amd long wel periods may cause sommc hardshifl& e.g. reduced vields, flooding of irrigated
lamds, e, However, they will create more favourable conditions for crop production. They are Likely to give rise
ta higher yields of crops in most arcas.. More frequent droughts and longer dry periods on the other hand will have

adverse efTects by decreasing food and lvestock produstion. The effects of the rcecnt droughts in the Sudan and

Sahel Fones give us a fairly good idea of what will happen under these conditions. If effective measures are not

taken to cnsure (ood secority, famine due to crop faulurc will canse nntold s.ufﬁ:nng and inflict death on man nm:l-

livesiock as well as wildlife,

The long periods of drought will be characterized by higher temperatures, light intcnsitics and maisture stress,
which will necessitae a shift in emphasis 1o the cultivation of crops fhat will grow and give rclatively high vields
under the above conditions. Thus C, plants such as maize, sorghom, and mitlet may be more widely grown rather
than C, piants such 4y casswva, sweet polato, beans and rice. _

Thig iz due to the fact that C, p]ams:

(&) Gmw beger under prolonged dry condilivns;

(b) Have the ability to majnrain photosynthesis al a high level despite relatwcl}r low Larhnn dioxide
concentrations cansed by reduction in stomata opening esclting from moistore stress,

ic) Have high assimilating rate ar high radiation intensilies - aboul lwlcc as fast as C, plants,

(d} Have a higher lompcralyre optimum, and .

{2y Have higher water wse efficiency - about double that of C plants.

The long dry periods will give tise to drastic reduction in the yicld of prasses. Tlms livestock that are browsers
e.g. carnels, dookeys énd gowts rather than sheep and cattle will have Lo be reared on a !,arger scalc.

Change in agro-ecelogical zomey

Chmate change could result in a shift polewards of agro-ecological zomes ol between 200 - 700 km (FAO 1988).
In the West and Central African Region, the arid arcas of West AfTica may move nurthwards inte the Sahara desert
while that of Central Africa may move southwards. Due o the more favourable clitnstic conditions, cspecially
increased rainfall, the land aren suitable for crop production may  increase. Thus parls ol he Sahef zonc now
unsuitable for crop produclipn could be brought uoder cultivation. '

The shifi in agm-ecological zones is likely to affect the distribution of crops. For jnstance, it West Africa, arcas
yuitable for the cultivation of maize will extend porthwards into areas hitherpo unsuitable lor growing of dus crop.
The plantain, bamana, cassava and tree crop belts may likewise extend northwards, while the willet and surghum
balt could also . shift nnrthwar-::‘lq

The <hifi in anfn—ﬂmlmricnl sone is likely o affect romioane Livestock production io the ponh and south arid -
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increased humidity could provide the habitat requirements for the invasion and jmultiplication of isetse fiies. This
will lead to increased infestation of these insects which carry the trypanosame parasite, the biggest single obstacle
to raminant livestock production. on 3 permanent basis I most parte of the. region. Thus parts of the Sudan and
Sahel savanna zones may be rendered unsoitable for nom-trypanogeme-toleramt breeds like the White Fulani or
Zebu caitle at pressnt reared there. Trypanosome-tolerant breeds like the N'Dama, a less pmdumwe brecd will
then have 1o be  imtroduced o these 2omes, The above changes wall have major social and economic implicatlons
and consequences,

Bushk fires and the long runs for wet and dry years

The savanna of the West and Central African Region are fire proeclimax. Their presence is doe to the annual
buming of the vegetatioh. Burning is possible because of the ymimodal rainfall pattern. During the wet season
relative humidity iz high and the vepetation iz wet and doss not bum when set on fire. On the other hand, in the
dry season, relative humidity is low, the vegetation is dry and therefore highly combustible cspecially from the
middl: to the end of the dry season. Bumning at this time of the year is therefore harmful {0 seedlings and young
trees md generally retards the growm of wondy vegetation and encourages the growth of grasses, Thus a grass
gavahna veEetatmn is created. '

The long rmuns of wet years alternating with long runs of dry years may crcatc conditions similar to thosc
existing in the unimoda! rainfall/ecelogical zoncs. Due to the faveurable conditiens for plamt growéh duting the
long wet periods, there may be an accumulation of a large amount of biomass. This will dey up mto s highly
combustible material during the long dty periods and thus considerably imcreasc the fire hazerd. Buming will
produce very hot fires that will de great damage to frees, shrubs and even herbaccous vegetation which may also
become degraded creating descrt conditions in the Sudan and Sahel vegetation zones. '

The effects of past hot and fierce fires that have siwept through the forcst and savanna ateas of the countries
in the West and .Cential African Region support the sbove vicw.  Although in most areas the origina! ferest and
savaonma vegetation have regemerated, other areas with shallow soils. hill sides and cther marginal -arcas have yet
to recover.  Cultivation and burning in the margingl areas arc graduaU}r turning the vepetation into poer forests,
serub land or savanna,

Increased corbon dipxide corceniration

The effects of expecied climate change on forests and crops would be compounded by increased €O,
concenteation in the atmesphere. For imstance, incrcased CQ, concentration accompanicd by high temperatures
and rainfall in"the Weat and Ceniral African Region is Iikely w lead to fasier vegetation growth, denser vepetation
and bigger trees which may reduce CO, concentration in the armosphere. T has been reported that the doulling
of €O, concentration is likely to imcrease the growth of C, and C, plants by [0-530 and 0-10 per cent respoctively.
Thus three of the most lmpmtant staple crops of the West amd Central Aftican Region - maize, sorghum amd mitlet
which arc C, plants - are likely 1o face more inensive competition from C, weeds. The same may be suid for
sugarcanc, an jmportamt cash crop and several fumage grasscs. Cm the l:'ﬂlﬂ[‘ had tice, a C, slaple widely growm
in the region, may be better protected from weeds -since 14 of the world’s most noxious wicds are C, plams and -
may ot respond to carbon dioxide as vigorously as rice,

Laboratory studies have indicated that food quality tends to deteriorate as COQ, levels increase. This is lkely
t0 increase the cost of food storage. Smdies have also shown that leaves became vicher in carbon and poorer in
nitrogen and pests have t0 consume more in order o gain the requived nithewen levels thus causing greater damage
in a carben-rich environment. Farmers may also Lave to use higher levels of [cnilizers due to the faster growth

of crops.  This may call for increased mter—u:mppmg with mlmgcl'l-ﬁnmg ln.gumf.s iz order to reduce the use of
_pm‘chascd nutrignts. .

-!Hs_e in req level

Az a result of the warming of the atraesphere, there would be an accelerled rise in sca level of ﬁ)—lﬂiﬂcm hefore .

the end of the rweaty-first centary. This will profoundly aliect the flora sud fauna of the West and Central African
Region. It will also affect agricyllute wod livestock production as well as wildlife. The area under the influence
.uf ﬂuodmg wﬂ] mﬂargc That undﬂr IANEIOVES May he axtanded landwards i:spama]I},r in ﬂu: Sine Ealcrum the
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The areas of salme soils may incrcase making them unsuitable for the cultivation of crops like maire, hana.na
pineapple etc. Coastal plantations arc likely to suffer from salinization.

8.2 EFFECTS ON FISHING

. There are indications that anticipated sea-level rise would affect aguatic life especially in brackisk waters. The
change in water level, when it occurs, is likely to upset the breeding habits of some fish already used to existing
habitats while ew spesics may of may not survive o the new envitomment. It is af0 expected that by possihle
reduction in upwelling in areas such as Mauritania and Senegal, coratn tpes of {fish production will be radiced.

It is thercfore, argued that many coastal arcas of the region would suffer loss of their nsual fishing activities.
This would, in all probability, spread to the swroending populatiofs that aré Jargely . dependent on the sea areas
for their fish supply. Such a loss would deplele the protein imake of the people and consequently lower their
rcsistance to diseases. ,

The alieration in the fishing activites of the voastal people would most likely involve some change in their
o fishing technology. For instance, inceease in water Ievel mipht resule in the peed for fishérmen to devise more
: durgble and probably morc soplisticated oets than had  existed hithero. Fuphermore, it might require changes
in the methods of carching different species of fish that would be found in their waters.  Such changes will require
‘time and traiming. They will also reyuire money and a.basic change in habits and tradifional ways of doing things.
These are difficult to achieve withoul wkimg seriously the warning on possible adverse efft:::tn of CILmate change -
and making adequate preparations lo mitigate them. -

8.3 EFFECTS ON OTHER SOCIO-ECONOMIC ACTIVITIES

Climate change and sea-level rise would also have significanl implications on the scctors of soclo-econommic
! aclivitics in the WACAF repion,  Indeed, such a simation weould destabilize the afready shaky and fragile economy
; of the region.  Among the socio-peonomic activities thar would he affecied are n-am[mrtahcm ‘commerce  and
| indusiry, touwrism and recrealion,

Trasporigion

Generally, (he blg cities located near the ¢oastlite are major road &aod raillway fermini a3 well as the main sea
and air purls ol dheir countries.  Conscgquently they handle a large proporlion of their comntries” transportation and
freighting needs, and serve wiral economic, social and communication functions, [n some countries, the economic
life uf the nafion would virmally come to a standstill if coastal towns or cities were closed to iraffic for a few days.
This iz uue of Dooala (Camerpor), Abidin (Cote d'Ivotre), Lagos (N'xgma}, Dakar (Senepal) and Lome {Togod, Lo
i menrion bur a few of such cifios,

Given the Strapic positions of these cities in the ceonomic life of theit countries, it & very likely that if there
o is sea-level rise which adversely affects their transportation system, there wounld be chaos as the movement of
S goods and people would be badly undeemined. Pt differencly, if the nations are canght wnprepared and suddenly
e find much of their railway lines, rosds, ports and airfields washed away the destruction might be such as would
" require dovades o rectify.

Cormmerce and indusizy

It has been earlier stated that as a vesult of colonial legacy Iueled by the prefefences of successive
administrations during the prst-independence era in mest countrles in tbe region, a disproportiomatc perccntage
of cornmercial and induztria! concerns are located on, or near, the eoust.

i Accelerated retreal of the coastline znd increased incidence of flooding would have a disruptive impact on
i commercial and industrial activities, Most businesses might be forced to relocate with atendant cconemic and
humate tisery. - Tn cnses where a high level of itvestments makes it impracticable to relocate, costly shore protection
measures womld nzed to be put in place. ' ’ '

In certain instances, commerce and indostry are shore-based on account of their proximity (o the sources of
raw materials which are in the coastal zone. Examples are the seafond processing factories and the plywood and



‘from the ecastal swamps and nearshore ardas. The inundation of coastal SWAIIPS wuuld mean shumng off

productive wells which can have an effect o the consumption and export patterns of countrics in the rTegion.
Tourism and recreotion '

It is obvious that the tewrism and recreation industry in the region js in a fledgling stage in spite of thie huge
potential it has as a foreign exchange eamer. ' An accelerated rise in sen-level would considerably reduce the extent
of the pererally narrow beaches in the region. For an industry that thrives on the existence of fine beaches, the
implication of worseming erosion and flooding cemsequent wpon sea-level rise would bc negative and enormous,
The few facilities that are already present are very close to the shore and would be lest; this would ageravate the
problem to-the industry posed by a lack of appropriate tourist infrastructnre. Concomitant increass in pollution
of the beaches will render those strips of beach that are left unusable or unsafc, I

The next impact is indirect but ne less crippling. Governments in the region, faced with selving the problems
associsted with the expected increase in sea-level in addilion to cxisting problems will be sufficicntly distracted
to prevent them puiting money into a sector of the ceonomy gencrally perceived by the populace at best as “upper
class” or at woerst “irrelevant”. ‘This will deal 2 shattering blow to presemt attempts on the pact of gmrmm
in the region to mject mere money into the industry for its development.

9. IMPACT OF CLIMATE CHANGE ON POPULATION. PROCESSES AND HUMAN

SETTI.LEMENTS

9.1 MSLOCATION AND RELOUCATION

!

Unfortmately, given the segtlement locations of the vatious towos and villages of the WACAF Region, these
dte the areas that would be seriously affected in the event of expected clonate change,. The effects of sea-level rse
may not be equally spread across all the areas. Human seitlements such as Abidjan, Bagjul, Cotonon, Freetown,
Lagoe, Lome and Monrovia, which are coastal, stand the greatest risk of flooding consequent on sea-level rise. The
many =ecio-econamic structures located in these cities will also be threatened. '

. In Opobo town (Nigeriz} for instance, a football pitch and the sumrounding grounds whick wete in active use
OOt quite twenty years ago &re now under water. BEven the recent concrete embankment thar was constructed coutd
oot save mmch of the loxt grouwnds.  Simiatly, in Banjul (Gambiz) both the Muslim and Christian cemeferies are
being lost throngh marine eresion. In Monrevia (Liberia) the prestigione OAU village is being encrorched upon
by the sea. In Lome {Togo) a magmﬁcaﬂt holiday resort, Tropicana Hotel, is under threat from repeated flooding
by the sea.

Mamy residential areas along the WACAF coastal region which do riot have great economic investments may
alse need relocation in the event of a substanial rise in sea level, These include the many creek towns and viilages
where getilers are literally living on the water. Their houses, usually of thaich, are on wooden stilts amd can casily
be washed away. People n these locations should, as a matter of right, be mede aware of the impending sea-level
rise which would most certainly invelve their relocation if losa of life i to be aveided.

_Relocation of such people involves loss of their homesz and land, since the inundated arcas swould be
sbandoned and new acquisitions in othier arcas would need to be negotialed for rescitlement.  This is neither an
easy process for the governments nor for the people being resettted.  Where the receiving community is already
congested, absorption of the newcomers might crcate 2 host of social problems.  These may include hostility and
suzpicion betwoen the cxisting and the in-coming communttics, .

Tt has been cxtensively documented that those who leave tbeir communities swffer considerablc social
discomfort apart from the ¢bvious economic costs. Fer instance, native Africans tend to be sentimentally attached
to their homesteads especially if those homesteads house the ‘graves of their ancestors. Movement away from such
lands -creates frustrations and feelings of estrangement. If the movement is permanent, as would bo the case for
many coastal peoples if there is significant sea-fevel rise, it would take a long time for the evacuees to scitle dewn
in their new locations.

Paxt nf the problem uf setiling down, no doubt, would be economic, For ::xample rf:sﬂtlmg riverine pecples
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entirely new way of life which is not at all easy. Indeed, history is replete with the stories of relocaed commumities
that did oot fare well even where ‘the state had intervened with sizeable resource inputs and aids.

92 NORMS AND VALUES

As was implied carlier, communities devlop sets of norms amd values that relate (0 and regrilate their way
of life especially. with rcgard to their cconomic activities. They soclallze their citizens into those complex codes of
condnet which arc intended to guide their pecple to confrm to societal demands. Such cullral patterns of
behaviout tend to be locaflzed. That is, they apply 1o specific groups of people. In the event of dizlncation from
the group’s cultural base and resetlement in other places, the resotled people would most probsbly suffer cultiral
shock. This; they would have to adjust to while ]J]ﬂd.lf_j.rmg their culiucal heritage to accommodate that of thair new
location,

Obvicusly, it is not everybody whe can efleclively and adequately adjust 1o oew ways of life.  Those who fail
to do sb would be secn as deviants. Generally, they would constimte a socially difficult group to deal with. They
would thus, become another source of sovidl disharmeony to the host commanity that is alrcady saddled with il
own varied problems,

Though cultural issues such as thosc discussed- above may nor be scen by some as direct consequences of
climate change, parmicularty of ses-Ievel rise, there is no denwving the Tacr thar ey constimie serious resettlement
problems for both the incorning. and existing communities. TIn wiew of this interrelationship between climate and
some coltural aspects of a people’s life. there is 2 need for proper planning by policy makers in nrder 10 rinimizs
the expecteli impact of olimale change for displaced persons,

9.3 I-[EALTE[ CONEERNS

Another major arca which deserves emphasis is the health implications of climate change. Inerease in
emperature will have largely dewrimental effects on people and livestock in arcas most severely atfected, in the
hot wropical coasia] areas of the WACAF Region where the incidence of sunburn, heat stroke, heat rashes and other
skin blemishes will increase.  Furthermore, it is arguéd that with nzene depletion, the ineidesier ol tkn cancers
would most probably inerease. ' )

Similarly, it is feared thal livestock might suffer from many heat-related diseases. - Temperature increase
would not ooly reduce the murmber of livestock doe o water shoriage and heat seess, tut would in all prabability
precipitate the cecurrence of animal dissases for the surviving oocs.  Thus, for both human beings and lvestock,
increase in temperature would mean reduction in well-being. ' '

10. STRATEGIES FOR ADDRESSING CLIMATE CHANGE AND ITS IMPACTS

Higher atmospberic wmperatures and increased sen-level rise az & result of climare chiange are cealitics thal
homanity has o cope with bolh now and In the fonwe. Tt 38 thought that even if all measures soggested to stop
the further inteoduction of greenhouse gases were pit o place pow, the world would sill experience 2 lot of the
anticipate] impaciy dye to the time lag in the respomge of the ocean and climate system o €O, concentration in the
atmosphere.,

In planning strategies for tackiing the preblems crcatcd by climaic and climatic variations, it is important
to nole that beth gradual climate change influgnced by CO, and the other grecohousc gascs are of
significance patticolarly to the WACAF Region, In erder to mitigate or eliminale the cffccts of adversc impacts,
siTultaneons planning and desize tp copc with the two aspects of climatic variations and change roust be made.
For the long-term climatc change caused by carbon dioxide and the othor pascs, two sets of strategies may be
recognized, including:  {a) sitategies for averting Lhe change; and (b)Y stratcgics for mitigating the effects (Kelloge,
19871, In both these cases, the WACAF Region has & veory important part (o play.

10,1 STRATEGIES FOR AVER'I‘]NG THE CHANGE

Measnrey Lo aver] climale change induced by carbon dioxide and the other gases 311 into three categorics,
These messures include:  (2) those fur redur:mg ﬂ]ﬂ de:majm for fnsetl ﬁlcl-a cswclally b}r mnwnmg aﬂl:l usmg
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Strategies which involve reduction of demand for fogsil fuels involve the use of conservation messures and
alternative sources of energy. These measures are particularly important for developing areas like the WACAE
Region because the relative contribution to the atmospheric flux of gases has been increasmg since 1950, Redu::mg
energy demand will reduce burning of fossil fuels. Reducing or banning bush burning, a common practice in the
remon and one which has mereased recently because of the pressure to clear more land for agriculiursl use, will
curtail this source of CO, input into the ammosphere. Technical solitions, which include those for controlling
atmospheric concentration of carbon dioxide, are linked with world, regional and national emergy policies, forest
management and persenal and sociefal values. Exainples of such solutions are those for comtrolling carbon dioxide
at their sources, for example throuph measures for comteolling the production and use of coal and petroleum,
controlling emissions from power plants ot at (he point of combustion. Thie may involve a complete social change
through a centralizing compier, Iarpe-scale production facilities and cooverting the societies to an all-electric
BEOBOMY. ' :

The third category of measurcs for averiing the changes involves increasing biomass production including
afforcstation.  This measurc will sorve as 4 pawral sink which will absorb carbon diexide. Cooper (1978) for
cxample noted that an inercasc of just ope per cem in the plant life on earth especially forests, would be sufficient
to absorb ooc year's relesse of carbon dioxide at the present rate (Kellogg, and Schware, 1982). The topical areas
in peneral, and the WACAF Region in particular, are of significance in this regard because of the peed o redoce
the rate of deforestation and reforest the delorested areas. Howewer, it j5 also | important to note Lhal reloresiation
implies ecological changes and climate change may linit these opportunities.

10.2 STRATEGIES FOR MITIGATING THE EFFECTS

‘The second proup of measures for addressing the problems of carbon dioxide-induced climate change are
those for mitigating the effects of these changes. Such measures include those thal protect (“protective” also. called
“preventive” options) and those that would belp to inerease man’s resilience to impacts of climate change
{"adaptive” options).

+ In relation to ssa-level rise, there will be a oced to protect heavily huilt—up areas with high value insiallations
and population demsities where the option of rclocation is not a reasonable economic proposition. But there is a
snag here in thal many of the congineering countermeasures which are feasible for shoreline- protection in the face
of sca-level mise are coonomically impractical in view of the financial disabilities of meost comtrics o the Tegion.
The approach herc should be towards the adoption of low cost, low wechnolopy, bot effective measures such as
permeable  non-concrete floating breakowaters, artdficially raising beach elewations, installation of rip reps, timber
groyacs ete. from locally available materials. Similar measures can be employed m the protection of important
arable lands. Forunately, cutside of the urbanized ceniwres, the ceasts are n almost pristine condition and largely
uninhabited except perbaps for small fishing settlemenis which in any case, are highly mobile in dispositicn.
In such sitzations, resettlement of cxisting populations znd the cnforcememt of set-back lines for any new
developments on the coast should be applied. Wheré coasts at decrned highly wulnerable o total ban on new
developmen! is necessary.

Sirategics for increasing resilisnce to the impacts of climate chanpe include the protection of arable soils,
improvement of water maonagement, application of agrolechnlogy, improvement of land ase policies,
maintenance of food reserves amd e inteoduciion of  disasier relicl messures. T the WACAF Region, the loss
of arable soils thromgh erosion amd saliniealion bas been treinemdous in recenl yoars, | This has been duc o poor
management pi‘ar:licca, overpracing emd poor agricolloral pracbees.  These in lom bave lod o deserlilicalion, a
process which bas been acceleraling berase of the reldlive pemistence of droughts in he tegion as already moted.
Iiprowved walker management echoigues, for ceample, through building of Jams. apediacts, reservoirs, irmgation
Syslems amd diverling rivers, which can provide adegumate and reliable watcr supply in fimes of drought, amd which
can protect aguinst river flooding are all measures which can increase resilience 1o climate change and variabilicy.

The application of agrotechnology i of partiontar  importance For increasing food production.  This measure
s of great significance in the WACAF Hegion where some of the nations are characterized by monocoltures
that acecovunt for mest of their food production, and which unfortupately are generally more susceptible- o both
short- and long-term climatic variations and chanpes than areas with diversified crops. Thus, the region needs to
develop agrmecima]dg}f ench a3 more efficlent irrigation systems, salt water cropis, higher temperamie-iolerant.
varieties of plants and animals, new forms of nitrogen fixing plants and planls that would he adapted to changing
climates or climatic variabilitics in the region.

Tmnrntad mnaoctal land 110s anlicriee athar meaoree that canld mitioate the efferte Af clitiate shanos and



expected, for example, that a future ses-level rise wonld increate flooding and afher environmental hazards. - It
is therefore impartant that it should he one of the faciors o he considered in planping, which might for imstance
provide for the conversion of flooded agricultural lands to aguatic wses such as maricultore. By it nanre,
methodology, process and regulations, urban and regional planning offers the greatest scope for _incorporating
Iand use policies.

Maintenance of food reserves a.ndprcmmn of dizaster relief are other ‘_rueasurg& which could miﬁgate the
effects of climatic variations and climale change. The WACAF Repion, like any other part of the werld, requires
o relisble food supply and sinee amy foture variations and champe in climate could adversely- affect food produciicn
in the regiom, il would be prudent to be prepared with adeiuate food reserves (Kelloge and Schwaré, 1982:
Schreider and Mesirow, 1979) even though countrics in the repion are far from meeting their present foed
requirements. Much can also be achieved through provision of disaster relief, ag'is now being done by internationsl
organizations, to help the countrics adversely ‘affccted by the recent climatic variations. Advanced readiness may
mean all the difference between survival of large populations and calamity.

Other strategies for moitipeting the effecls of inereased atmospheric carbon tioxide include measnres involving
conservation of emergy, use of renewable energy resourccs and reforestation.” Other strategies are those that lead

o improved choices. Such measres mclude those ermployed for:  (2) environmental mondtorng and warning

systems; (b) providing and applying improved climatic data; (c) pfoviding public information and eduealion; and
(d) the transfer of technology. On the global scale, the acquizition of climatic data and the global monitoring of the
environment are functions of international bodies such as fhe World Meteorological Organization (WMO)Y. But on
the nationsl and repional scaler meteorological and water resources development imshifutions are expected to
provide meteorologicsl and water- resources- data and information as well as assistance ip public information and
education, Unfortunately, the provision of climatic and water resources dara is difficule in the WACAN Region.
For example, in many of the WACAF countrics, 8 bagic problem is that climaric and other climate-related dara are
available from a wariety of sources not always known to scientiss inferested in climate application and impact -
studies. Many of the data are, for example, held by agencies other than meteerological, hydrologicai” and
oceanegraphic service upits. Part of the data are scatterad in libearies, record odfices and in most eases, they are
incomplete, inaccurate and of oo use for meamingfu! research or impact snedies. Also, there are always the
problems associated with admimistrative bureancracy which h:we long been recopnized tn many of these countries,
but for which no solutions hawe been found.

Added to the problems associated wiﬂl the characteristics of the sources where (he nocessary dalg can be Tound
are problems related to inadequate networks of metsorological siations apd coverage of tho dwla,  Fur example,
in Nigeria, average rain gauge density is only abowr one guage per 900 km?®. in cootrast in (e silumion in Burope
where the density is usually one gauge per 50 km®. The simation is even worse for other climalic parameters such
as Ccvaporation, and solar and per radistion, for which there are fewer stations that measure them,  The need to
provide appropriate data aeduisition infrasmmicture in the countries of the repiom is overwhelming, which wonld
bring the provision of regional climate change scenarios closer 1o reality. This will provide an ppreciation of the
problem of global ¢limate changn: at the regional level and lead to more replistic and fruitful proposals Tor dealing
with the problem. )

The provision of public information and cducation will aflow the population w become folly aware ol lhe

.ecological effects and socio-economic impacts of development, climate change and climatic variations. For his

measure, it is important @ ensure wider participation of the popnlation in the preparation, implementation amd
evaluation of the programmes aimed at combating the copsequences of climnatic evéms resulting from climale
rhange. Tt is also important to consider the culmral beritage and leanings of the differere groups in finding suluuuns
bo the problems created by nhmm_e _change.

"It seems a fairly evident proposition that the solution to most of the WACAF Region's economic, social and
eeofogieal problems arising from the -comsequences of elimaric variations and climate change depends to a large

extant on the oeansfer and the application of sciemce and technology. For example, immediate invesiment in applied . -

climatology and weather ami climate prediction techniques i& highly desirable in the’ WACAF countries. Thers is
also a nesd For ibwastrent in the transfer and use of appropriate adaptive technology in areas such as agriculwmre,
water supply. energy resources, fisherfes. forestry and land uge planning. :

Most of the above discussed measures are significant, not enly for long4term changes in climate, but alse for
short-term climatic variations. Ewven if climate change ar climatic variations did net occur, the measures would



11. CONCLUSION

In the past, the coasts of the West and Cemiral African Region were often exclusively used for a_grmﬂnnc
animal busbandry, fisheries and wade. However, ther¢ has been the more Tecenr establishment of industries,
transport terminals, military installations and residences a3 well as recreational areas along the coastal fringe, The
cconomic, social, strategic and recreational valucs of the marine environment and coastal arcas have risen so highly
over the years that competition for more intemsive land wses has also increased. Periodic variations in climatic
conditions have exposed the WACAF coastal enviromment as well as buman activitics and structires o insecority
~and destruction. A fomre climatc r:ha.ngr: that leads to warming of the earth and Tisc in sea level threatens preat
danper for the coastal aress and marine covironment of the WACAF Region. The enormity of the various eapecied
impacts dictates that great sdjustments be put in place to make the coastal zonc habitable and to prns.t:rw., its
importapt Tole in the socic-ecopomic  development of the region.

Given the financial disabilities of thesc countries in the region, omly well plauned anlicipatory actions by these
countries would ensuwre that much stress, harards and resource losses would be avoidid or minimized as the
expected changes occur. Tt is hoped that governments in the region, while pursuing policy options at the patonal.
devel, would appreciate, ©yen more than ever befors, the distingt advanlages for a regional approach to the
problems associated with global warming. The Abidjan Convention (April, 1981), signed wmder the anspices of
UNEP's Regional Seas Programme for the West and Ceuntral African Region provides a vamtage platform for
discossing and institntionalizing a regional plan of action o address expecied climate charige -in the region.

Looking beyvond the need to- packape auﬁcipmpqr and reaclive aeions for the impcn:ling effects of the. global
climate chapge, it is pertioenr now, as il glways way, o call for an end to the present “crisis managcmtn[ appmal::]l
to solving problems of eoviconmental degmdation in the region's coastal zome.

JAs has been umphuxi:u:tl repeatedly by various avthors the coast iz nof only & wasting resource composed of
variouy fragile ecoyyslems, it s also a zone for a wide varety of ofien conflicting nses. The ‘inhercnt altraction of -
some: uses OF the coastal zone can also be a sowrce of eovironmental degradation. Resulting conflicts #re soimetimes
difficulr to solve unless imstihwionalized frameworks exist. The need is merefore wrgent {or countries in the ragion
to establish coasial zone mapagement policies. Such policies shouid state clearly not only the concerns of the.
countries for radonal coastal zone dﬂvclupment but aleo the comrols and procedures o be applied in the furure
in coazial areas. : .

In this regard, inspiration-and lesson can be drawn from the prevalenl practice in the industrialized countries
where, despite a wide variety of ¢xlstng wrban and regional conirols to reduce the tremendous pressure on the
use of coastal areas, specific laws have been passed po pive greater precision io the lepal stams of shoreline
management amd control. The Coastal Fone Mapagement Act of 1972 in the United States of America and the
Dn:m:e Mo, 79-716 of 17 A.ugust 1979 in France, are pﬂﬂlﬂl]lﬂl‘l}f msmmtwe

For the region, the broad ﬂhjemwes of Coastal Fone Management puliciﬁs- should be too

{a) Evilve and implement regiopally sound coastal protection measures;

(b} Siop the haphazard wbanizatdon of shorelines. This calls for the establishment of ser- hack lines in fromt of
which mo scilements - or facilides should be located;

(] Preserve the ecological characterisics of oon-urbanized areas including 1gr1cu1rural as well a8 wild sections
of [he coastline. This tequires a ban on the mining of any miperal rescurces, such as sand or gravel, from the
shore, except in designated quarries. This is vital in marine areas used for aquaculmure/maricultore, all
mangrove swamps, marshes and tidal flars which should remain in their namral states. Where development
iz imperatve (e.g. dredging for access (o odl locations), proper envieonmental impact asscsyments should be
carled owt prior to execution of the job. In fact. extensive antl-pollution -measures are called for under this

" objective; and,

(d) Promote sustainable development of the coastal zome. Such Coastal Zome Mapagement Pollcies ame f:ssr:unal
for comprehensive and lomp-range coastal management planning in the region. They would hopefully sow
the seeds for the rational comtrol of hazards in, and the equitable development of, the coastal zone in the
WACAF Region. '
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