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PREFACE

In spite of uncerfainties surrounding the predicted dimate change, greenhouse gases appear to have
accurnulated in the atmosphere t0 such a level that the changes may have started already and their continuation
may how be inevitable.

The envirenmental problems associated with the potential impact of expected dlimate change may prove to
beamong the major environmental problems facing the marine environment and adjacentcoastal arcas in the near
future. Therefore, in line with UNEF Governing Coundil decision 14,20 on "Global Climate Change”, the Choeans
and Coastal Areas Programme Activity Centre {OCA/PAC) of the United Nations Environment Programme
{UNEP) launched and supportad a number of acHvities designed 1o assess the potential impacl of climate change
and to assist the Governments concerncd in identification and implementation of suitable response measures
which may mitigate the negative consequences of the impact.

Since 1987 to date, Task Teams on Implications of Climate Change were established for ten regions covered
by the UNEF Regional Seas Programme (Mediterrancan, Wider Caribbean, South Pacific, East Asian Seas, South
Asian Seas , South-East Pacific, Eastern Africa, West and Central Africa, the Kuwait Action Plan Region and the
Red Sea and Gulf of Aden). The Task Team for the Eastern African Region was sponsored by LINEP.

The iitial objective of the Task Teams was to prepare reglonal overviews and site-specific case studicson the
possible impact of predicted climate change on the ecokogical syslems, as well as on the socio-economic activities
and structures pf fheir respective regions. The overviews and case sfudies were expected o

» examine the possible effects of the sea-kevel changes on the coastal ecosystema (deltas, cstuarics, wetlands,
coastal plains, coral reefs, mangroves, lagoons, elc.);

» examine the possible effects of temperature elevations on the terrestrizl and aquatic ccosy stemns, including
the possible effects on economically imporiant species;

» examine the possitile effecls of climatic, physiographic and ecological changes on the socio-economic
structures and activities; and

» getermine areas or systems which appear to be mest vulnerable to the above.

Theregional overviews were intended tocover the marinc environment and adjacent ¢oastal areas inflizenced
by, or influencing, the marine environment. They are to be presented to intergovernmental meetings convened in
the framework of the relevant Regional Seas Action Plans, in order to draw the countries’ attention tothe prablems
associated with expected ¢limate change and to prompt their involvement in development of policy options and
response measures suitable for their region.

Following the completion of the regionzl overviews, and based on their findings, site-specific case studies are
developed by the Task Teams and are planned to be presented and discussed at national serinars. The results of
these case studies and the discussions at the national seminars should provide expert advice to national authorities

in defining apecific policy options and suitable responsc measures.

The Task Team on the Implications of Climate Change in the Eastern African Region was established and met
in its first meeting in Nairobi between 21-23 Junc 1989, and In its second meeting jointly with the Task Team for
the West and Central African Reglon in Mairobi between 18-21 December 1989. Each member of the Task Team
was assipned a specific subject 1o address in detail. and the present overview is largely based on the contribulions
by the indtividual members of the Task Team as given in Annex I. The Task Team consisted of:

5.0, Allela, AL. Afusa, M.Kh. El-Sayéd, GL. Kamukala, P. Kiguta, M. Kihy, J. Matondo, TJ. Njoka,
LJ. Ogallo, V.L. Saha {Coordinator).

This publication was prepared by A.L. Alusa and L.J. Ogallo on the basis of work carried out by the Eastern
African Task Team, edited by John C. Pernetta, and finalized for publication by M. Gerges (Deputy Director) and
M. Kh. EFSayed {Consuliant) of OCA/PAC.
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1 INTRODUCTIOGN

Anticipated global warming as a resultof the emission of greenhouse gases into the atmosphere was the most
important subject discussed during the fifteenth scssion of the Governing Council of UNEP and at the Secor
World Climate Confererwe. ‘The so-called greenhouse effect is'a most pressing environmental problem fo the
cxtentthatitinvol vesmany scientific disciplines and hence presents major challenges. Thegreenhousegases (CO,,
CFCs, CH,, NLO, O,, ete.} have the effect of changing the atmosphere's radiative balance by trapping more heat
near the earth's surface resulting in a risc in global mean surface temperature. It is now clear that if the burning
of fossi] fuel continues at the present rate, global wartning is a virtual certainty.

General circulation models estimate that by the year 203) the mean global temperature will increase within
the range 0.5-4.5°C, (Bolin ¢ 2!, 1986, IPCC, 1990}, This may appear small, but cven the lower end of this range,
if achieved, would cause major changes in regional climate. Specifically, such regional climate change, when
coupled with an increase in frequency and intensity of extreme weather events such as floods, dronghts and
cycloncs, will have considerable impact on communities and theit socio-economic well-being. The regional
impacts of changes in greenhouse gas concentrations are, however, ot well understood.

Present planning activities, o the extent that they are ¢litnate-sensitive, assume that past climate provides a
reliable basis for future climate. With the known effects of greenhouse gases, this assumption is no longer valid.
A forecast of future climate must now take cognizance of the greenhouse effoct and the anticipated global elimate
watming. Specifically, the expected mclting of ice-zheets and thermnal expansion of the oceans is expected to lead
to sea-level rise in the range of 20-140 cm by the end of the next century. In 199, the Intergovernmental Pancl on
Climate Change {IPCClestimated that the global mean sea-Jevel will rise by 20 cm by the year 203). Theseexpected
changes are important additions to the planning process in view of the increasing population and the subsequent
increasa in use of coastal arcas for various activities suchas tourism, agricolture, fishing, harbours and industries.
For the Eastern African Region, the sea-love] rise forecasts necessitate a serious examination of cfforts wwarda the
amelipration of the adverse effects of glohal warming. '

Obviously, serious environmental problems are likely to atise in association with potential impacts of
expected climate change in coastal areas of East Africa, and the ohjectives of the Task Team were as follows:

Long Term Objectivies

(a} Assess thr polential impact of elimate change on the coastal and maring environrment as well as un the
socic-coonomic struchures and actvites: and

(b) Assist Governments in the identification and implementation of suitable policy options tITII_J- TESponse
measures which may mitigate the negative consequences of the impacts. '

Short Term Objectives

{a) Analyze the possible impact of expected climate change on the coastal and marine ecological syslem, as well
as on the socio-cconomic structites and activities; and

1) Prepare ovetviews and selected case studles relevant to the Eastern African Region.
This overview is expected to specifically address the following:

{a} Possibleeffects of the sea-leve] changes on the coastal ecosystermns {deltas, estuaries, wetlands, coastal plains,
coral reefs, mangroves, lagoons, efc.);

{b) Tossible effects of the temperature elevations on terrestrial and -aguatic ecosystems, including the possiblé
effects on economically important species; '

{cy Possible effects of climate, physivgraphic and ecological changes on the secio-economic stractures and
actvities; and :

{d) Areas or sysicms which appear to be most vulnerable i the expecled impacts.
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The OVerviews were furthar evpected to be based on:
(a) Best available existing knowledge and insight inta the problems relevant to the objectives of the study;

(b} Assumptions accepted at the UNEP/ICSU/WMO International Conterence in Villach, 9-15 October 1985,
i, anincrease in temperatitre of 1.5-4.5°C and a sea-level rise of 20-140 cm before the end of the bwenty-first
century. For the purpose of this overview and the various studies by members of the Task Team, a
temperature elevation of 1.5°C and a sea-level rise of 20 am by the year 2025 were accepted (with the
understarxding that these estimates may have to be revised on the hasis of new scientific evidence). AnlPCC
(190 scenario, for example, estimates the mean global sea-level rise to be between 10-302m by the year 2030,
and 20-100 cm by the end of the next century; and

{c} Several detailed case studies, which would constitute the substantive annexes of the studies.

This paper reviews the results of a series of papers prepared by members of the Task Team on Implications
of Climate Changes in the Eastern African Region, in cooperation with the Oceansand Coastal Areas Programme
Activity Centre (OCA/TAC) of UNEF, these arc listed in- Annex I of this repart.

2. PHYSICAL CHARACTERISTICS OF THE REGION
21 CLIMATE

The Eastern African Reglon straddlcs latitudea 18%N - 2725 and has Jarge spatial variations in climate, which
range from arid and semi-arid o humid tropical. Specificalty, rainfall is one climate parameter with the highest
spatial and tetnporal variability in the region. These large variations are due, in part, to the complex topographical
features and thermally induced meso-scale circulations. Figure 1 gives sotne examples of the Lypical seasonal
rainfall characteristics over the region. Most of the arcas near the equator have two distinct rainfall scasons
centered argund March-May and September-November. These seasons are related to the double passage of the
Inter Tropieal Corvwergence Zone (ITCZ) which follows the seasonal movementof the zun. Away fromtheequaicr,
most of therain is concentrated within the summerseasonsas is evident in Figure 1. The peaks in the northern and
southern hemisphere are centered aronund June-August and Decemnber-February respectively. It should be noted
that the seasenal rainfall patterns are signiticantly modified in sonve areas by meso-scale systems. For cxample,
some of the coastal areas receive their rainfall throughout the year a3 4 result of the land / sea breeze effects whilc
those lying on the leeward sides are permanently dry. Apart from the ITCZ, the intensity, location and orientation
of the monsoonal wind systems, tropical cyclones, sub-tropical anticycloncs, jet streams, extra-tropical weather
systems, easterly /westerly waves, global teleconnections, ete., are among the other systems which atfect the
climate of the area. These, together with the dominant regional features sich as the Mozambique channel trough,
the dynamiclow running across the African Continent in a north-easterly/ south-westerly direction and the other
thermally induced meso-scale circulations, sighificantly affect the local climates of some areas. If these features
areshifted, changed or modified by the expected greenhouse gas induced climate change, the climate of the region
will be changed.

Further away from the equator, temperature becomes a significant varizble with a clear distinction betwean
thecold winter and hat summer seasons. Additionally, the highlandshave a marked temperature differential, and
these differentials determine the local environmental humidity. A deseription of the climate of the region is
pravided by Griffith (1972) and Ogallo (1985).

2.2 GEOGRAPFITY

The geography of the coastal areas of the Eastern African Region will, in this context, be delimited tolatitudes
18°N-27°5 to include Comores, Keniya, Madagascar, Mauritius, Mozambigue, Reunion, Seychelles, Somalia and
Tanzania. The mainland coastal plain lics less than 100m above sea-level and is narrowest (10km or less} in
northern and north-vastern Somalia and from south-eastern Kenya to northern Mozambique. It becomes wider
{around 20km} southward and in areas traversed by large rivers such as the Juba, Limpopo, Pangani, Rio Save,
Rufiji, Ruvu, Ruvuma, Tana and Zambezi (Figure 2). Immediately inland, the topography isinterrupted by a range
of mountains and escarpments before Hsing to inland plateaux (UNEP 1982).
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Figure 1: Seasonal distribution of rainfall at various locations in the Eastern African Region

The coastal characteristics of the smaller islands of the weskomn Indian Occan are quite different from those
of the continent and Madagascar. On these islands, the entire land mass can be considered as being included in
the coastal zone in the senze that ackivities nearly anywhere would directly affect the marine environment, The
coastal plain is neplipible or absent on the graniti islands of the Sevchelles, the volcanic islands of Comores and
Masrarenes, arwf along almost the entire eastern coast of Madagascar. Mauritius which iz volcanically older, isless
rugged with flat areas aleng the northern coasts. Western Madagascar's extengive plaing are associated with the
major rivers anc ate believed to be the result of deposition of soil from the upland platean ((JNEP 1985},

The eoasts of Eastern Africa and the islands are demographirally significant. Coastal activitics notably
fishing, sea ports and tourism have madeit attractive forlarge populations to move fothe coastand 0. cocupy some
of the islands which wiould otherwise not be economical to inhabit. The islands especially the small islands, have
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2.3 GEOLOGY AND GEOMORPHOLOGY

The major processes which have resulted in the present configuration of the East African coastline include
Holooene tectonic movements and post-glacial sea-level rige. The evolution of the region is therefore associated
with the geology and geomorphology of the rift valley, and some of the faults, like the lowermost terrace of
nprthern Tanzania and its extension into Kenya are still very young. Stratipraphic evidence support the
geophysical conclusion that there is a long, gradual structural transmission from the East Africanmainland to the
deep ocean, with no sharply marked continenital edge. :

East Africa is approximstely at isostatic equilibriurn. Marked changes in the spatial distribution of seismic
and geothermal activity i3, howevar, common in many parts. The geology and geomorphology of East Africa are
best discussed country by country since there are major rogional differences, especially in the cage of the islands
in the Indian Ceean. Detils of the regional geology and geomorphology are given by El-Sdyed (198%) and
Fay (1989). The vatious countries, together with the major towns, coastal settlements and rivers are shown in

Figure .,
Comoros

The Comoros risc as isdlated a8 mounts of volcanic crigin at the northem end of the Mozambique channel
and consist of four main islands, namely, Grande Comore, Anjouan, Mohali and Mayotte. Grande Comore i5
geologically the youngest, but the largest and highest. Itis steep-sided with a simple coastline, but has permanent
streatns and ample scil. Mohali is the smallest and lowest but with ample soil and many permanent streams.
Mayatteis the oldest island, generally low (66m) with tnany temporary and permanent streams. To the soulhand
south-east lie 2 dozen smaller islands.

Kenypa

Most of the Kenyan coast lies at altitudes of between (-200m MSL. Part of the suuth rises to between 200 and
1,060m M5L with the Taita Hilla tising to above 1,500m MSL. '

The coastal region and sections to the north are dominated by Quatcrnary sedimentary rocks of coral and
sandstone, permeated by Tertiary sediments of cural in the areas around Malindi and smaller sections to thenorth
and south of Kilifi and south of Mombasa town. The latter arca is bordered inland by a narrow strip of Juragsic
rock struchires permeating further inlend into Triassic and stl! further into Carbeniferous-Permian deposits.

The principal soil types in the region include a narrow coral reef along the coast bordered inland by & natrow
strip of coastal sands towards the north where it is permeated by narrow bands of grurnosolis brown clay soils.
The svil sputh of Larmu is composed of by-alternaic bands of loams beyond which the grumosolis are permeated
by thick bands of ash and pumice soils. :

The shoreline has an sxdensive fossil reef which is raised a few meiers above present sea-level. Living coral
reefs fringe the Kemyan coast (500 m - 2 km off shore) except where the influence of river systems is felt such as
around the mouths of the Chimba and Ramisi Rivers which are characterized by extensive mangrove forests.

Muadagascar

The coasine consisls of a series of sandy beaches interrupted by rocky cutcrops. There are extensive fringing
reefs all along the coast. Sandy beaches are extensive along the western coast, while fluvial deposits cover the
eastern coast. The norlh-west and parts of the west coast contain the most extensive mangrove forests in the entire
region. The north-east isa mounlainous region with litle habitable area ncar the coast, a rugged indented coastline
is characteristic of this region. There is an extensive barrier reef formation, some 24 ke in length, off the
south-gast coast of Toliasa. The east coast also has extensive fringing reefs and coral sand barrier beaches behind
which run a rhain of lagoons connected to form an inland waterway called the Pangalanes canal.

Muwriitus

Mauritius, a member of the Mascarche group of islands has 2 mountainous topography containad within a
coastline of 200 km and a lolal area of 1,865 km?, It is almost wotally surrounded by a fringing reef of about 150 km



Mo zembigne

Mozambique is generally Iower lying than maoet of the other East African countries. The influence of the great
river systems is greater in Mozambique than elsewhere on the East African coast. Most of the coast of
Mozaembique, 2,730 ke, faces the Mozambique channel, henee it is mostly protected from the strong forces of
wind-driven waves from the open Indian Grean. Because of the low cnergy nature of the coast there are large
volumces of riverine sediment and deposits. The Bay of Maputolies at the confluence of four tivers - the Mapute,
Matola, Tembir and Umbcluzi. North of the Bay of Maputo to the Zambezi tiver the coast is satdy and swarmpy
with mangroves, sandy spits and offshore bars. North of the Zambezi dela sandy stretches are interrpted by
rocky cliffs and headlands as well as coral islands. In all, some 25 main rivers enter the Indian Ceesn along the
Mozambique coast (UNEP 1982), Where such rivers have not resulted in the formation of mangrove forests, there
are significant areas of coral fringed coast, coastal dunes, and swampy areas protected by barrier beaches and

islands.
Rewstion

Reumion isthe youngesl of the Mascarenc islands and is still volcanically active withthe highest peak (3,069m}
in the Indian Ocean. The major characteristics of the coastal areas of the island are:

* 33 km of rocky intruded headlands;
* 13 kmn of low-lying rocky coasts;
= 59 kinof pebbles and shingle coasts;
* 35 ki sandy beaches of biodastic, basaltic and coral reef deposits;
* 8 km of alluvial lagoonal coasts.
Seychelles

Thete ate about 100 islands spread over the Indian Ocean belween 5° and 10°5 and 45° and 56°E, These are
divided into the inner granitic islands ko the north east and the outer coralline islands fo the south and west. The
former are characterized by a rugged topography with mountains rising steeply tw 905m elevation, with the
highest peak on the Jargest island (Mzhé) being nearly 1,000m above MSL,

The second group of islands spreads westward and southward from the granilic group towards the coasts
of Africa and Madagascar. The sixty or more ¢oralline islands are charactcristically flat and low-lying (between
3-5m MSL). They are composed of calcareous sand and rubble derived from the debris of adjacent coral reefs.

Somalia

Somalia has the longest coastline of the tropical East African countries with 2,000 km facing the Indian Ocean
and 1,300 km facing the Colf of Aden. Most of the coastline consists of @ serics of sandy beachcs and bays
interrupted in places by racky cliffs and headlands. The southern coast of the Culf of Aden cunsists of a series
of sandy bays interrupted by rocky promontorics extending into the sea down to a shallow depth. There are

neither fringing reefs nor bars. Between 6°N and 8°N the coast becomes sandy with gradual appeamace ui coral
(UNEF, 1984, 1987).

In general, the land area contiguous to the shoreline of the Somali coast consists of:
* flat, sand and gravel covered coastal plainsof varied width usually occurting at the mouths of river systems;
" moumtains with precipitous cliffs that form a rocky shoreline; and

* coastal dunes that are active, i.e., have no vegetation cover or are lightly covered with thurn-bush or scrub
and aracia woodlands.



Tanzania

Tanzania has a fairly narrow coastline which extends fronv approximately 5° to 1(#5 (694 km), and has large
swoeping sandy beaches with rocky outcrops, steep limestone diffs, fringing mangrove forests and areas with
elevaled [ossil reef (UNEP /TUCN 1988).

The Tanzanian coastal area is unique within East Africa in showing an almost complele stratigraphic sequence
from the Karroo to recent times, permitting the development of models for the continental margin in terms of
sedimentation, local warping and dating of fault movements. In the Karroo, the marine intercalations and lagoon
evaporites arc limited fo the broad ccaslal zone. Comparison of topography, surface geology and geophysical
definition of the decp structures shows Lhal on the large islands, the known fold and fault structurés have
developed progressively through tertiary times. The coaslline is characterized by extensive growth of mangroves
near the mouths of large rivers such as the Rufiji and smaller, intermittent rivers, such as the Ruva. The
Mowankulu end the Pangani are the major anes.

24 QCEANOGRAFHY
Coutinental Shelf

The width of the continental shelf off the East African coast varies markedly throughout the region, but iz
generally very natrow. Table 1 gives abreakdown of estimated shelf area in the Eastern Alrican Region (El-Sayed
1989). The barrier reef is virtually absent from the west Indian Occan. The continental shelf is however, colonized
by corals, hence the fringing recf is a dominant feature along most of the edge of the shelf, usually al 45 m depth
and in water temperatures of 18°C.

The principal ocean currents in the west Indian Ocean depictedin Figure 3 show that the waters in the west
Indian Ocean are characterized by a warm, surface waler layer with small annugl temperature variations.
However, the hydrography of the Indian Ocean waters is strongly influenced by seasonal variations of the
monsoon wind system. Figures4, 5,6 and 7 are the current patterns and vector mean currents during January, the
winter, and July, the sumtner monsoons, while Figure 8 gives the vector mean currents for the periods between
the monsoans. '

[n the spouthem hemispherc, the Southern Equatorial current which flows at around 1295 i5 the principal
current Bowing from east to west all year round. Part of the current branches off north-east of Madagascar to form
the southward-cast Madagascar current, while the main stream splits after the northern tip of Madagascar into
southward current which flows throtgh the Mozambique channel forming the percnnial Mozambique Current,
and a northward component which forms the East African Coastal current. This latter current is the main suriace
layer of water bathing the continental shelves of Kenya and Tanzania with nutrient-poor mid-pecan waler
resulting in low biologica! praductivity along the coast. South of Madagascar, the East Madagascar current and
the Mozambique current join at about 26°S to form the Agnlhas ¢current, while south of 30°5 the West Wind Drift
is predominant.

Table 1

Breakdown of eatimated shelf area in the Eastem African Region

Estimated Shelf

Country Land Area kn® Area km® Length ;Jlfn'l:!]uast]me
{Depth Range 0-200m)
{omoros 1934 00 =0
Ketiyn EE? g5 6,500 500
Madagascar 595,790 135,000 4,000
Maurillus 1,865 1,600 200
Mozambigque 738,030 120,000 2500
Saychalles 443 48,000 pt
Somalia 637,657 32 500 3,000

Tanzania 939,703 30,000 21} 1]
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The ¢urrent flow in the northern kemisphere changes direction with the seasomal reversal of the tnonsoon
winds. During the period of the sonth-west monsaon (April to October}an eastward flowing surface curreny, the
south-west monsoon current prevails. The East African Coastal eurrent, which becomes the Somali current is
influenced by the provailing strong wind with a speed of over 600 km/ sec {over 10 knots) causing it to flow north.
The fast Bowing Somali current ransports about 50-65 million m?/sec. of water penetrating deep into the oceanic
water mass and causing an upwelling about its west flank along thve north-west Somali ccast. This upwelling
induccshigh productivity off the Semali coast as the turbulent activity bringsnutrient rich cold sub-surface waters
?th temperatures below 20°C ko the surface. The average temperature of the surface water is 24%C with a salinity

5%«

Daring the north-gast mensoon (November-March), the surface flow pattern changes from a clockwise flow
pattern in the northern Indian Ocean as the north-east monsoon current dominates, flowing westward with its
southern border at 3°6. The Somali cutrent forms the equatorial counter-current and parly flows dovmnwards o
join the Mozambique current. With less turbulence due to the weak Somali current, a thermocling develops at
about 60-80m depth with the surface waters having uniform femperatures between 28-30°C and a salinity of
approximately 34.5%.. The region can therefore be divided into three hydrographic zones, (El Sayed, 1989):

{a} Somali upwelling zone, north-past of Somali coast;

{b) Monscon current zowe: Tanzania, Kenya, Seychelles; and

{¢) Apulhag and Mozambique current zone: Comoros, Madagascar, Mauritins and Mozambiqie. En this zone,
current Aow patterns are subject to seasonal, cyclonic influence in December-April.
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Figure 4: January current patiem
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Figure 6: July mean current paftern
Source: UNET, R3RSE Mo, 12, T982,
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3. STATE OF THE ENVIRONMENT
3.1 NATURAL RESOURCES

Thenatural resources of the region have not been fully explored, yet alone exploited. Specifically, the mineral
resource potential rerains largely unexplored and becanse of the high cost of mining, whatmineral resources have
been identified have not been mined. There ans, however, considerable mincral resourees in the countries of the
region. The most widespread one issalt, and inthe case of Kenya, soda ash. Other procicus mineralslike diamonds
in Tanzania and gold and rubies in Kenya, Mozambique and Tanzania occur in sufficient economic quantities.
There has recently been considerable axploration for petroleéum and natural gas and there seem to be good
prospects for petroleum in Kenya and natural gas in Tanzanja. Mozambigue has large deposits of coal that have
not been fully exploited. _

If the petroteum, natural gas and coal resourcesare fully realized and explofted, we would expect an increase
in fossil fuel burning and an increase in CO, and other greenhouse gas emissions into the atmosphere from the

region.

Water resources are relatively plentifui on the mainland, but fresh water supply is iow in the densely
populated island countries when compared to the demand. The river systemsinsome of the countriesare camrying
considerable seditent loads due fo increased agricultural actlvitics in the watersheds,

Forestresources along the East African coast ate mainly mangrove forests which fringe up to5,100 km?. There
islimited tropical forest coveralong the Kenya coastal strip with dry tropical forests in the northern coast of Kenya.
Both the mangrove and tropical forests have rare endemic species of bushesand plants, and alsosetve asaunique
habitat for rare mammals i.e., sable and roan antelopes, birds and plant species.

3.2 AGRICULTURE

The Kenya and southern Somalia coastal strip is productive for agriculture with a mean annual rainfall of
400-500mm. The Madagascar, Mozambigue and Tanzania coastal plaing are marginal for agriculture except for
the river basins and flond plains. The coastal strips around the small islands of Comoras, Mauritius and Seychelles
have pocr soils and are of limited agricultural use. At present, the human impact on the natural resources of the
coastal strips of Comoros and Seychelles seems to be ad versely affecting marine ceosystems. The human impacts
of coastal agriculture and forest practices may accentuate possible dimate impacts on coastal areas. Specifically,
changing land use patterns along the enastal strip and upland areas will enhance the negative impacts of
anticipated climate change. Animal grazing along the Somali coasthas already destabilized theland surface in this
area. Generally, interlor land use patterns in areas of high agricultural potential and over-grazing in semi-arid
lands is already an environmental problern and will be accentuated by any other cdimate change impacts.

3.3 FISHERIES

Increased greenhouse gases and associated climate change such ag change in the patterns of sca surface
bemperature, precipitation, sea-level rise, ete., would have significant spatial and temporal impacts on fisheries.
These impacts will, however, be dependent on the intensity, dutation and the rate of change of the environmental
Pparamelers since many ecosysterns can adjust to slow and/or emall magnitudes of climate change.

The direct impacts of increased greenhouse gaseg concentrations and the associated climate change on
fisheries include the effects on daily, seasonal and general ecological characteristics of fish such as the ate of
respiration, metabalic functions, poputation dynamics (reproductive cycles, rates of growth and mortality,
migralion, etc.), cndoctine functions, body structure, cover and coloration, social activitics, physiclogical
processes, elc. Indirectimpacts range from the effects of the quality and quantity of air, water and fgod (plankton}
to other disturbances from man's activities like marine pollution, exploitation of resources, increased demand for
fish (over-fishing) etc. Climate change may also affect the oectirrence and spread of some diseases and pests in
fisheries,

Increased greenhouse gases and the associated climate change will affect the chemistry and physics of the
coestal waters and the rest of the oceans through changes in ocean temperatires, salinity, concentration of the
gases and solid suspensions in the oceans, upwelling, patterns of the ocean currents, chemical reachons, general
Cj"f.‘lEE- of the various gases, effects of UV o, £. vand other danerrous solar rawms die in azane danlaHon sk



Fish are an important source of food am contribute to the cconomy of most countrics in the region. The
narrow continental shelf and extensive recfs restrict transpurt along the coast, apart from coral-free grounds sach
as in Northern Madagascar, the North: Kenya banks, Zanzibar and Mafia channels and the Somali coast. Near
shore, small pelagic fish are caught by artisanal methods.

In the island states the fishing industry is constrained by the rocky coastlines in some cases, unfavourable
coastal watcrs and limdted continental shelf azeas. Nonetheless, there are important fish resources in the region
off the coestal zones. In Madagascar, most fish calches come from inland fisheries while along the coast
exploratiori for shrimp goes on. '

In Mozambique, substantive fishing occurs along the entire coasiline. There are extensive pelagic fisheries in
Sofata Bay and shallow water shrimp fisheries in Maputo Bay with dlupeids found in estuariey.

In Kenya, the extensive fish resources along the coast remain largely unexploited and Ihere is also a large
potential tor lobster, crab, freshwater fish and crustacea.

TheSomali coastline has good fish resources north of 15°N, but the rest of the arca is fairly unprogduclive. Tuna
are found in commercially viable quantities while the north cast coast has abundant pelagic fish within the
upwelling zone near Ras Hafuna where nutrient-rich water from the deep ocean is brought to the surface,

Tanzania hag 6-60 km of shelf and many fishing grounds. Filter fecding cdupeids abound along the East
African coast, notably at Pemba and Zanzibar, and near the shallow islands between Mafia and Zanzibar Islands.

The rale of climate change in the coastal region would be one of the major. factors which will determine the
distribution of fisheriesin the region. The intensity, duration, and frequency of extremic climate events are factors
which could result in severs impacts which may be beyond the adaptation capabilitics of the fisheries. A good
cxampleis the recutrence inabnormal warming of the sea srface temperatures over the central and eastern Pacific
Ocean (El-Nifio phenomena). This event has been linked to world-wide droughts, floods, cyclone activities,
chaniges in monsoon citculation, famine, and many non-meteorclogical parameters of econgmic and biclogical
importance. Some of the regional climate anotnalies along the East African coast have also been closely linked to
the EI-Nifio events (Ggallo, 1988 & #989a). ) '

Finally, man's activities not directly associated with climate changes like over-fishing, pollution, coastal
development, etc,, can induce further stress on the charagkeristics and productivity of the fisheries over the region.

3.4 TOURISM

Tourism plays a major tole in the economic activities of the countries of the region and is generally
concentrated, tut not limited, to the coastal areas of these countries (Kigutz and Kihy, 1989}, The contribuition of
tourism to the gross domestic prodsuct ranges from slightly below five per cent {Somalia} to over 45 per cent
(Seychelles)of the total, The mainfouristatiractions are pame teserves, historic sites, national parks, sand beaches,
coral recfsand the warm coastal climate. A pood proportion of the indigenous population in the coastal arcas are
employed in the Kurist industry, - ' :

Al present, tourism is being adversely atfected by marine pollubion and siltation which are progressively
eroding the beaches in some of thecountries. Specifically, changed agricultural patterng inarcas upstream of rivers
that emply into the Indian Ocean are affecting the quality of beaches. Qerasional accidental oil spills also affect
the tourism industry of the area. : :

3.5 INFRASTRUCIURE

The present infrastructure will determine the extent and ca pability of the countrics to respond toany climate
change impacts. In some cases the infrastructure may have caused environmental degradation wlich may
exacerbate the impacts of climate change,

Transportation

The road netwark in (he I‘I!:lﬁl'ﬂl. areas of East Africa is not verv elaborate. bubnravides adomiaka anraes b Faa
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{a) Natural environment adversely affected during construction of new roads;
{b) Noise during construction adverscly affects wildlife; and,
(¢} Exhaustfumes produced by vehicles using these roads and railway lines cause environmental contaminatio;

In addition to land transport, the countries rely on maritime transport among themselves and fromone pa
of the coastine to another. Various harbours exist in each country, bul their sophistication varics from counb
to country depending on the lavel of utilization of the port by the shipping industry. In some cases, the ports an
pullated by oil spills which affoct marine life. '

Different sized airports exist in the coastal arcas of East Africa and the island states. Air transport augmen
the other moies of transport and is mostly associated withinternational travel in support of the fourism indngtr
The level of develupment of air transport varies acconrling to size of the country, the degree of development of tt
tourisim ind ustry and the standard of airports.

Industry -

Mosi of the coastal areas of the countries under study have light induslry, cxecpt in cascs where the capil
cilics ar¢ located on the coast where more and heavier industry tends to concentrate. Being developing countrie
however, the level of industrialization is relabively low. The major industries include oil refineries, ceme
manufacturing, textile industrivs, sugar factories, breweries and fish processing,. .

Notwithstanding the low level of industrialization, the manner in which waste is handled is far fro
satisfactory. Specifically, tanning and textile ind ustries do not handle their effluents in an environmentaily sour
manner. Consequently, effluents are discharged directly into rivers which ultimately discharge info the ocem
and poliute them. At the moment, the problems are not major due o the lightness of the industry. If it shou.
intensify, the degree of pollution could lead to more serious environmental degradation.

3.6 POPULATION AND DEVELOPMENT

The Eastetn African Region was estimated to have a total population of about 62.24 million in 1081 with ¢
average annual growth rate of 3 per cent. The population is unevenly distributed over the region. Northe:
Mozambique and Merca northwards of Somalia are almost inhabited due 0 exireme climate conditions.

Excluding the islands, about .94 million people, or 14.6 per cent of the population, reside in the coastal are
It shomld also be noted that the bulk of population in the islands is conrentrated on the coast. The mean annu
growth rate for the coastal areas is aboui 3.3 per cent which is slightly higher than the mean regional growth ral
Migration and urbanization play an important role in the overall growth of the coastal region. Diversification .
socio-economic activities in coastal cities hag anhanced employment opportunities in these cities and hence caus
the population to drift towards the coast. 1tisargued that if such a rate of growth continues, the population of cith
such as Dar-cs-Salaam would double every 10 years. Table 2 gives the breakdown of population by country. Tl
average density in the coastal region is about 124 4 per kmn?, but it ranges from £ per km? in Somalia bo 509 per kr
in Mauridus {Kamukala, 198%; Kigula and Kihu, 1989; Saha, 1989).

Table 2
Prpulation distribotion in the Eastern African Region

Coutitry Population Annagal . Coasta] Papulation Density
{Millinnay Crowth Rate {Millioms) {(kmp*
Comoros 0.50 308 0.440 1
Kenya 2240 420 1440 7
Madagascar 11.20 25D . 2000 11
Mauriting 104 165 0.772 509
Mozambique 1472 264 2000 13
Reunion a51 - 054% 05
Seychelles - - 002 145
[ o S [ = ¥ “ ar 4 A o



The tutat population in terms of its present density and distribution may not be particularly critical. What
appears critical is the rapid rate of population growth in some of the countries in the region. Kenya for example
has an estimated population growth of close 10 4 per cent per annum. Such a high growth rate combined with
anticipated dimate change could have serious socio-cconomic impacts.

As pointed outabove, about 14.6 per cent of the population resides in the coastal areas. The majority of these

populations are employed by the light industry located along the cnast and others in the tourist industry. Most

. of the economies rely on agriculture and tourism which together contribute close te 50 per cent of the gross

' domestic product. Tourlsm specifically is a main carner of foreign exchange in the coastal parts of most of the
countries in the reglon.

With increasing population, the pressure on social amenitics, notably in the coastal citics, has become very
high. The infrastructure is unable ko keep pace with the population growth rate. Asa result, educational facilities
are ne longer adequate and the resource base to support the required expansion programme is non-existent.

Development trends in the region are markedly varicd partly reflecting the differences in political ideology
as vehicles for development. There are marked developments in some countries of the region but others lack the
basic resource base to get started, while others have charted political and ideological paths that requirea gestation
tine to produce visible results. These differences ate manifested in the great disparity in per capitaincomein the
oountries of the region.

With regard to husman setflement, one can classify the varions settlernents along the coast, (Kamukala, 1989,
as:

(a) Scattered or clustered pattern of settlernent;
(b} Nemadic and pastoralist migratory settlements;
(¢} Urban settiemnonts; and

. {d) Rural centres.

The first type of setflement i asanciated with a kin-basced land tenure system and this has been largely
enhanced insome countries such as Madagascar, Mozambique and Tanzania whereefforts havebeen made toplan
and develop villages as a deliberate government policy. The second settlement pattern iscentred around livestock
in semi-arid parts of the region while rural cenires are population settlement clusters based on farm-associated
cooninic acivities such as commercial retailing, agro-industries, etc. The urban settlements, on the other hand,
are primary cities characterized by rapid population growth, detcricrating employment situation, and inadequate
sowial services,

3.7 POLLUTION

In the recent past, urbanization has been fast and remarkable within the Eastern African Region. Although
the ratio of urhan population to total population is still low, the rate of urbanization remains unprecedented in
the history of urban development. This rapid urbanization has led to inadequate water supply, overcrowding,

. poor system of refuse collection and dispozal of garbage, inadequate drainage and sewevage syslems and
| unemployment. These shortoomings lead to domestic sewage being discharged direcily into rivers and in some
vases the sea. Urban solid waste remaing uncoliected in cities and physhral congestion in urban and rural areas
leads to slumsa. Such is the situation in the bulk of the cities along the coastal areas of East Africa.

Additionally, there is some light industrialization in the coastal areas and such Indusirial development and
expansion hasiead to further pressure on the environment. In most countries of the region, there is nolegislation
with a systematic enforcement mechanism for the punishment of offenders who pollute the environment.
Industrial development has mushroomed without proper environmental impacl assessments being carried oul.
Consequently, rivers, creeks and the sea have become dumping sites for industrial wastes.

Nttt
- ——————

Industries of major environmental concem in the region include textiles, tannerics, paper and pulp mills,
hroweries. chemical factories. cement factories. susar fackories, fertilizer factories, and oil refineries. In some



3.8 COASTAL DEGRADATION

There is a serious trerd towards the degradation of the coastal environment, with 2 decline in the nature
vegrtative cover and soil fertility, and (he death of wildlife - all a3 a result of htman activity. Animal huskandr
and agriculture have both contributed Lowards the degradation of the coastal environment. The many competin
demands on the limited natural resources haveresulted in depletion of forest cover, destruction of [ANErOvES am
generzl degradation of coastal habitats.

~ Marineresources are threatened by these activities. Mangroves were a common feature in sheltered bays am
estuaries providing shelter to many important fish species and prawns. They are now threatened by intensiv
cropping for polcs, firewood and by large-scale clearing for salt production. Corals are now endangered by th
frequent blasting by artisanal fishermen. Coraireefs have also been damaged by excessivo siltation caused by soi
erosion through poor agricultural practices and deforestation along river banks. Harbour development involying
dredging and dumping has also damaged the reef. Coral areas are thercfore under stress from both nalural an
huinan itnpacts.

The shoreline in most of the region is receding as a result of coastal erosion. Intropical areas such as thearca
under study, coral reefs are often an integral part of the low lying barrier islands. Sand supplies are insufficien
to keep pace with rising sea-levels, hence barrier islands are being drained {Hekstrs, 1989). The shoreline retrea
over parts of Tanzania has been estimated at beiween 3-5 metres per day (Fay, 1989).

3.9 DESERTIFICATION

Long drawn out droughts, over-grazing and poor agricultural practices, deforestation and reclamnation o
wetlands for agriculture are all combining to bring about desertification in the coastal areas of East Africa
Additionally, and as pointed out earlier, the continued high population growth rate is placing pressure on lan
beyond its carrying capacity. Tronically, the new development of creating infrastructures in the semi-arid area
where nomadism was the natural system for sustaining population is shifting and concettrating human an
animal populations in a few areas and seriously degrading them as the Jand is not given the recovery period i
would naturally experience under nomadic practice. Where the digging of boreholes, eic., has been founc
beneficial for livestock development, their arrival when not accompranied by proper pasture managernent has lec
ta high concentrations of livestock beyond the holding capacity of the pastures. Such developments have led &
deserl conditions around towns where such infrastructures have been buiit.

Desert encroachment is encouraged 25 noted above, by deforestation, poor agricultural practices which leac
to soil erosion, and prolonged droughts. When these occur in semi-arid areas with shallow soils, desertification
becomes irreversible (Sestini ef af 1989). There i3 evidence that this problem is present in tha semi-arid parts of th
tegion,

310 HYDROLOGY AND WATER RESOTIRCES

The coastal region of East Africa has abundant water resources through rainfall, regional vivers anc
groundwater. Rainfell is the dominant factor which determines the quantity and quality of water availably
underground and in the rivers. Wateravaiiable from rainfall, however, vatics highly in space and time. Themoar
annual rainfall ¢ver the coastal region ranges between 800-1,600mm per year, but the coastal zones of Somalis
receive less than 400mm per year while coastal Mozambique and the islands {Comoros, Madagascar, Mauritiug
Reunion and Seychelles} receive between 800-3,2000mm per year (UNEF 1987). The amount of precipitatior
generally decreases inland (rom the coast.

The region is well drained by rivers inciuding the Juba, Limpope, Rufifi, Ruvu, Ruvuma, Tana, Warmi and
Zambezi. Some characleristics of these rivers are shown in Table 3. Many projects have been developed along
these rivers for flood control, hydropower gencration, water supply, irrigation, etc. Inereased surface runoff, soi
erosion, pollution, changes in water storage, sedimentation, mismanaged water use, and otherinereases in humar
activity are some of the major Hreats facing these rivers. '

The region ia formed of sedimentary rocks and alluvial deposits which store graandwater rescurces
Croundwater exploration is under way in the coastal zones of Kenya, Somalia and Tanzania, The groundwate:
resources along the coastal areas of East Alfrica are not fully utilized with the exception of parts of Somalia whers



The water resourcesof the region are abundant butunevenly distributed, depending largely on rainfall. Some
regions receive abundant rainfall and therefore have adequate water resources for their needs, whilc others have
water shortages. As an example, Somalia hag been experiencing considerable water deficit in rcoent years while
olher parts of the reglon have had excess water resources.

Tabie 3

Some characterislics of the major tivers of the Eastern African Region

Drainage Area Highest Recorded Flow
River (1,000 km?) {m*/s)

Tana 132460 5, 400,00
Juba 200,00 -

Rutiji 15821 5,754.00
Ruvn 1519 1,177.50
Wamd 36.45 48.20
Cangaini J6.45 248.90
Zambezi 1,300.00 862500
Limpopo A58.00 -

Smirce Matemdn, ., 1988, Unpuhlished manuseript.

4.0 EXPECTED CLIMATE CHANGE AND SEA-LEVEL RISE

The emission of carbon dioxide and other greenhouse gases such as chlorofluorocarboens, methane,
nitrous oxides, ozone, has been increasing as a result of human activitios such as the burning of fossil fuels,
changing agricultural practices and defarestation. The consensus in the scientifie community is that if the trend
contituigs it will enhance the greenhouse effects and lead to a general increase in the mean global lemperature.
Water vapour which isone of themajor greenhouse gases will also increase on the average in respense to increased
evapotranspiration possibly resulting in further warrning of the globe.

Carbon dioxide has been responsible for more than half of the enhanced greenhouse effects in the past
{IPCC, 1990). Carbon dioxide records derived from Anfarctic ice cores given an estimated CO, concentraton
between 270-290 ppmv during the period 1000-1800. The estimated concentration increased by 15 ppmv by the
year 1900. Instrumental records give the 1958 and the present CO, concentrations as 315 and 354 ppmv
respectively, indicating a mean increase rate of (.6 ppmy per year. .

41 INCREASE IN TEMPERATURE

There is a general agreement that increased concentration of the greenhouse gases will enhance the
greenhouse effect leading to the general warming of the atmosphere.  Various models. predict teinperature
increases ranging between 0.5-4.5°C with the doubling of CO.. The [PCC “business asusual” seenario givesa mean
global warming of about 1°C by the year 2630. The large ‘ariations in the model outputs of the mean global
femperatures are associated with the inability of the climake models to characterize accurately the complex
interactions between the land focean/atmosphere processes and the temporal variability in climate parameters
{Charney, et al. 1976; Manabe and Stouffer, 1930; Hansel f al 1986).

Most of ‘the dimate maodels have been unable 1o give accurate information on the tegional femperature
anomalies which are required inorder to assess climate change impacts. However, the modelspradict increasing
temperatures, but one would expect large spatiat variability in temperature anomalies over the Eastern African
Region which has complex regional features such as topography and the existence of large walcr masges. It is
therefore neeessery to noke that no specific anomaly can be standardized for the region toinclude all the islands
with varying locations, size and peomarphological characteristics. But it can be safely said that enhanced
greenhouse effects over the region will lead fo a general increase in the reg;mna] temperature.

‘The change in glabai temperature and the result and change in regmna] temperature h,ave Pecn observed b_-,r
Barnet (1984), Cadet and Deihl (1984}, Cadet {1985) and Ogallo (1938, 198%a, 1989b) among others. -



Ogallo {1989a) observed significant teleconnections between the temperature anomalies over many parts of
the global oceans and East Africa seasonal rainfall anomalies. The most significant relationship was observed
alang the coastal areas (see exampley in Figures 3 and 4 for the extremely wet and dry scasons of T988 and 1989
1cspectively). The significance of this relationship is that even if the regional temperatire anomalies arerelatively
small, the temperature changes over other parts of the world would have significant impacts over the region
through the changes in the regional circulation patterns.

4.2 CHANGES IN PRECIPITATION PATTERNS

Precipitation is the major source of waler for human fresh water use in the region. It also determings the
amount of water discharged into the Indian Gcean by the various rivers and affects general coastal hydrodogry. Any
change in the spatial and temporal distribution of precipitation will therefore have significant impacts on the
caastal areas of the region and on the regional hydrological cyeie,

The predicted effects of global warming on precipitation have varied significantly fromonemodel to another
due to poor understanding of the compilex feedback processes associated with climate change and the natural
responses of the regional sub-systems. Some studies have noted that a global wiarming leading to an increase in
some cloud cover can easily offsetor decrease theimpactsof the greenhouse pases. Brethertonet af (1986 ndicated
that an increase of about four to scven per cent in the cover of some clouds can offset the warming induced by
doubling of CO,.

Other models have shown an intengification of the rainfall in the currently wet areas of the trupics. Increase
in temperature, however, will impaose severe watcr stress in the relatively dry aress. Some models indicate
increased mean area rainfall and reduced soil moisturc over the Sahet region during the northern sumemiet season,

Whileit may be difficult to quantify theimpacts of giobal climate change on theregional precipitation patterns,
there is evidence from studies that teleconnections cxist between the regional rainfall and Lhe global general
cirenlation systems like the sea surface temperature (SST} anomalies, Southern oscillation, El-Nifio cvents, etc.,
{Micholson and Entakhabi, 1985; Janourak, 1988 and Ogalle, 1988; 198%). Further impacts can be eslimated
from the rain-gencrating systerns like the Inter Tropical Convergence Zong (ITCZ), sub-tropical anticyclones,
jetetreams, monsconal wind systems, extra-tropical weather syskems, easterly /westerly waves and tropical
cyclones. oo

It is expected that global warming will affect the onset, cessation, duration, location, intensity and other
characteristics of the monsaonal wind systems which are the major sources of water vapour for rainfall formation
over the region. Such changes will therefore have adverse effects on the spatial and temporal distribution of
rainfall over the region. The space/time chatacteristics of the [TCZ will also be affocted by changes in the
mensoonal wind systems and the regionat temperature anomsles, inducing furthcr stress on the regional
precipitation.

One of the crucial parameters for the formation, intensification, frequency and tracks of tropical cycloncs is
the sea surface temperature. Changes in the regional tempetature may shift the storm characteristics over the
region, thereby affecting areas hitherto not hit by tropical storms. :

4,3 SEA-LEVEL RISE

It iz noted that enhanced greenhouse effects will lead to a general rise in the regiona)] tomperature and
allendant precipitation increase in the wet areas together with changes in the characteristics of tropical stormg.

With a general temperature inerease, a melting of the glaciers over the high mountaing like Kilimanjaro and
Kenya will be experienced. As these glaciers are the sources of the major rivets such as the Galana, Pangani and
Tana which drain into the Indian Ocean, it is expected that the melting of the glaciers will contribute towards
Ielative sen-level rise. Further, increased precipitation in the wetter areas is expected o increase the runoff into
the rivers and hence the Indian Ocean, further contributing towards the relative rise in sca-level. Higher
temperatures will alse lead to thermal expansion, melting of polar glaciers and sea-level rise between 10-30cm by
the year 2030, and between 20-100cm by the end of the next contury. Sea-level rise between 20-140cm was assumed
in this review,



Additionally, the expected sea-lewel rise must take cognizance of a significant lag time and any thermal
expansion will be delayed by the targe thermal inertia of the oceans.

5. EVALUATION OF THE IMPACTS OF CLIMATE CHANGE ON THE COASTAL ENVIRONMENT
51 AFPROACH

As discussad above, giobal warming will lead to changes in precipitation .patterns over the region and
sea-level rise. The changes in precipitation patterns will be the result of changes in monsoon circulation, and
general circulabion parameters. These changes will consequently affect:

{(a) Surface and groundwater flow and river discharge. They will alter surface and groundwater availability, the
incidence of floods, and the amount of sediment transported 1o the Indian Qcean;

(b} The movement of marine water masses (waves, enrrents and tides), and the intensity and tracks of tropical
cyclones;

(¢) Natural ecosystems as a result of increased air temperature and its effects on water and 30il qualities; and

(d) Ccecupation and utilization of the eoastal towland regions due to the sea-level rise and changed parameters
of agriculture, fishing, industry, tourism and the quality of life.

The linkage between population growth rate, level of industrial development at the coast, new agricultural
practices and futnre soclo-economic needs are central to any development of national management strategies.
Additionally, thestrategies will be further complicated by the fact that socio-econemic forces external 1o the region
will cumne into play. For example, world-wide commodity prices and trade trends together with the demand for
consumer goods in a competitive international market make socic-economic forecasts difficult and . hence
complicate the development of management strategles.

Impact assessment tnust also have as its base the present state of degradation of the environment because it
is this basc against which one can measure the “shack” effect of additonal environmental degradation as a result
of climate change. Itis also necessary to know the extent of changes with a degree of certainty. These are:

{a) Climate change;

(b} Sea-level rise;

(c) Puture level of populaticn;

(d) Future level of agricultural and other practice; and

(¢} Influence of climate on general planning and development policy.

Itis possible to model with a degree of cerlainly the impacts of changes in rainfall amuunts, cyclone intensity
and frequency on the physical coastal areas of the region. 1 is alse possible to predict, through modelling, the
effect that sea-level rise is likely to have on coastal areas bascd on an understanding of the geomurphulogy,
hydrodynamics, sediment budgetsand plate tectonics of the region. One may also be able to qualitatively estirnate
the effects of increased air temperatures and changed soil/water paranlers on the ecosystems. The real test,
however, is in estimating the impact of all these physical and biological changes on Lhe future socio-economic
framcwork of the coastal arcas.

The problems posed by climate change and consequent sea-level rise require the davelopment of a coastal
zone management stralegy. Such a strategy must estimate the “value” of the systems threatenad now, and in the
future, and determine the cost effectiveness of intervention. The present and oxpected levels of population based
on current and known population growth rates will determine the priority assigned to the available options.

A response to expecled impacts can then be evolved. These responses can be preventive or reactive or both.
In the fallowdne sactHons we shall dizrnge the pvnoctad imnacke AfF climata rhaneea ard aas Jawn] rien an marns



5.2 IMPACTS ON QCEAN PARAMATERS

To assess the impacts of dimate change on the ocean parameters in the East African coastal region, one has
to understand how climate change will affect certain forcing functions in ¢limate variables. Parameters like
pressure and rainfall will be influenced by climate change. Changes in presaure will come as a corsequence of a
shiftin the position of the ITCZ. This shift will also affect the gpatial and perhaps temiporal distribution of rainfall
in the area. The strength of the monsoons will affect tropical cyclone intensity, distribution in time and space and
oyeclone tracks.

' Increase in rainfall and the melting of the mountain glaciers with increase runoff and will atfect salinity.
Feedbark processes may affect salinity in the opposite way and the relative magnitude of these ocpposing forces
will determine the net salinity of the ocean waters in the area.

Change in surface winds will have a direct bearing on the ocean currents and wave formation and
comspquently will affect coastline weathoring patterns. Tt is noted that the currents in the Indian Ocean are relatad
most closely to the monsoons. To the cxtent that climate change witl affect these monsoons, ocean currents will
alter with significant impacts on regional rainfall as has heen ohserved during the strong El-Nifo/Southern
nscillabion events (Ogallo, 1989).

The emperature increase will affect the dissolved oxygen levels of the ocean waters in shallow areas and
perhaps establish stratification which might in turn affect the primary produocers of the eutrophic zones. High
temperatures tmay lcad to anaerobic conditions in some parts of the peoean waters.

Higher wind velocites will affect evaporation rates and will set up density gradients which will in furn afiect
ocean circulation.

53 IMTPACTS ON THE COASTAL ZONE

Climate changes that lead trysea-level rise will affect coastal zones of the region considerably. Specifically, the
region’s fringing reef is likel¥ L be vulnerable o increased wave action and the deposition of sediment resulking
from increased pracipitation and flond conditions on the higher grounds where agricultural activities will alzo
have increased.

Rising sea-level will also affect the growth of coral reefs. Whereas coral reefs keep pace with rising sea-level
(Marshall and Jacobsen, 1985), the finger-like corals which have this capacity are also extremely fraglle and are
likely to be destroved by recurring storms or swelis (Saha, 19§9). The rise in sea-level may lead to destruction, or
submersion, of islands which will lead o a change in the jurisdictional zone of certain island statcs.

For the island states, continuing sea-level risc will lead to gradually rising beach rid geshigher towardy the sea,
on the lagounal side of atolls, as land pushes towards the lageon. This wili result in a higher pradient slopre from
the bop of the lagoun beach ridge towards thecentral depresston down which sediment will move forming island s
with swampy interiors.

Changes in the space/time characteristics of rainfali {intensity, duration, onset, frequencies of floods,
droughts, ete.), cyclone frequency, intensity and tracks coupled with sea-level rise and temperature anomalies is
expected o have severe effécts on the vegetation and habitats of the coastal zones.

54 IMPACTS ON HYDROLOGY AND WATER RESOURCES

Enhanced greenbousc cffectand associated climate change will have significant impact on regional hydrology
by affecting the varivus components of the hydrological ¢ycle, including rainfall evapotranspiration, sutface
runoff, river discharge, mountain glaciers, underground water storage and recharge rates, etr. This will affec the
qualily and quantity of water available from the three dominant regicnal scurces, Le. rainfall, rivers and
groundwafer. Discussions of climate change impaclsmust lhcn:t'ﬂrc include consideration of impacts on regional
water FEsQuTcES,

Increase in the regional waler rcsources will greally enhance flooding in the river calchments and coastal
areas, The implications arc thal there w1[1 be serious erosien and consequend Sndm‘u:nl lranspcrrt to coastal areas
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The high islands of the south west Indian Ocean are highly dependent on wnderground freshwater resources
although not to the same absolute extent as the coral islands (Saha, 198%), Increase in rainfall will increase the rate
of groundwater recharge increasing the potential of the groundwater resources. Increase in temperature and
cvaporation rates can huwcvcr, reduce water availability. Additionally, the increased flooding risk, as well as
saline intrusion through rising sea-level and rocurrence of storm eondifions may also lead to a decrease in walker

quality.

Under dry scenarios when the intensity, duration and frequency of droughts increase, water resources from
rainfall will be significantly imdted. This will reduce water availability from rivers and groundwater resources.
Increased dry conditions, high temperatares and evapolranspiration rates will further increase the demnand for
water. All these factors may lead to competiion for e avaitable water among the varlous water use activities.
Specifically the detmand for such uses as hydropower gemeration, irrigation, and domestic water supply, will place
inprdinate pressure on scarce water resources. These demands will further deplete groundwater availability in
countries where it is the only soutve of fresh water, eithver in island states or in some mainland coastal areas. The
proportion of energy that can be made available from hydroelectric sources will be reduced ak the expense of
alternative energies, including fossil fuals.

55 IMPVACTS ON ECOSYSTEMS

General circulation models of climate change suggest that temperature increases will be greaterin the higher
Iatitudes than in the lower latitudes. The "lower” temperature increase at low latilndes may still be severe,
exceeding the thermal tolerance limits for species and ecosystems. Because the daily and seasonal temperature
ranges are greater at high latitudes, the temperature rizse may be within the tolerance limits of cocosystems in these
latitudes. Nonetheless, it is expected that temperature changes in the coastal areas of East Africa will lead to
latitudinal and altitudinal shifts in plants and animal species - hence disrupting the present ecosystem balance.
However, the species could havedifficulty in shifting or adapting to rapid rates of cdlimate change wihich could lead
toextinction of certain spacies and reduction in biologiral diversity. Increase in aridify, along the drycoastal part,
wonld alter the current ecological balance in the long run. TFhis may disadvantage bhe survival of dryland
ecosystems. The increased CO,, high temperature and higher rainfall {where relevant} will promote faster forest
growth in the coastal areasand the mangrove forest will regenerate faster. Moreover, there will be a remarkable
improvement in the sustainable yleid of the mangrove fmest as well as the habitat quality for flshenes and other
wildlife species .

Extreme climate events such as droughts, floods, cyclones, stomns and hurricanes can be particularly
destructive to cpastal forests. The south coastal reglon experiences cyclones. An increase in the frequency,
intensity and. tracks of cyclones will lpad to possible extinction of large rare tree species in Madapascar and
Mozambigue, In Mauritins, for example, endemic ecosystems arc alrcady under cxtreme siress through pressure
of population, invasions of exolic species as welk as extremna climate evenis. The prospect of increased cyclone and
drought events would further exaccrbate the ecological stress in such systems.

High waves associated with storms, hurricanes and cyclomes destroy mangrove forests, thus exposing the
shore 10 preater erosion. The mangrove forests reduce the intruyion of saling water into coastal fresh water
aquifers, hence thelr d estruction will increase the scarcity of fresh water for dotnestic, agricultoral, industrial and
livestock use. With the change in the habitats, animals, although more mobile, will change their distribution in

response to habitat change. However, not all animal species, or plants will be able to adapt or shift. This leads to -

the risk of extinction. Habitat destruction as a result of climate change could set the stage fn:rr an even larger wave
of extinction than would resu!t from human dtsh’uchnn alone {Feters; 1989),

It should be noted that ecosystems have the cupautytuadapttume 1mpactoﬂhmate and weather anoma] ies,
however, 2 djmatedlangeﬂfa fast rate, large magnitude and long durahnn may exceed their Capdblllty t-::-ada pt.

56 DMPACTS ON AGRICULTURE

A glabal increase of CQ, in the atmosphere is likely Lo have a posilive impactl on coastal agriculture, The
produciivity of sugar planlatiens, colton fickls and banana plantations, would increaze. The yield of fodder for
livestock woulkd also increase. Since coastal plants such as maize, sorghum and millel are C, planis, the higher
emperatures will be more important in increasing yields than the so-called CO, fertilization which has a grealer
effect on C, plants. The carbon confent in the atmosphere i3 increasing annua]lvb',rapprmclmatelv 2.9billion lons.

Cre v iedak



The impact of temperaturc increase will be more significant in the norlhern and southern coasts due to larg
diurnal and seasonal variatiens in temperature as one moves polar-wards from Ihe equator. Temperature rise wil
minimize neat-freezing temperatures which are injurious to tropical crops like maize. The warmner femperature
will promate greater productivity in agriculture, but at the same time, the favourable temperature may enhanc
the spread and persistence of crop and livestock pests and diseases. Additionally, high temperature will enhanc
humus degradation processes in the soils.

With regard to aress where droughts will be longer and more frequent, there will be highe
evapotranspiration rates which will increase demands for irrigation water. Moisture deflcits for crops may occu
more frequently, thus lowering crop yields. - ' '

Changes to the seasonal distribution and total amount of rainfall recived will influence the timing of seasona
activities and management of agricultural production, ' -

More rainfall, higher temﬁerah:res and higher eoncentration of CO, may aggravate the probiem of weeds it
cultivated areas and the competition botween weeds and ¢rops may reduce the yiclds,

Possible increase of mean global rainfal] of 7 to 11 liernent will have positive effects on forests and coasta
forested areas will expand. More moistire may aggravate the problem of bush encroachment in coastal aress, ang
contribute o the spread of tsetse fly into new areas. : : :

The changes in precipitation, temperatures and L“Dz concentration are expected to be accompanied by othe:
climate changesin terms of the frequency and severity of droughts, storens, cyclones and floods which would haw
adverse impacts on agriculture. :

Droughts are frequient in the semi-atid coastal rangelands of Somalia and Wesiern Madagascar. Any climatk
change that increases the severity and frequency of droughts in East Africa will adversely affect craps ang
liveslock productivity. -

- Theseaigexpected turisc by between 20cm and 140cm by the end of the next century. Theimpacts of sea-leve
rise on agriculture are particularly serious in the deltas and estuaries of major East African rivers where extenslve
areas are being reclaimed for rice and sugar cane growing.

Sea-level rise will increase the intrusion of saline water further up river and anly crops adapted to saline
conditions will o wellin the areas. In the Zambezi the saline sca water has already moved about 8 ken upstreary
as a resultof dam construction. The fresh water aquifers along the East African coast will also becgme more saline
and thus limit the use of groundwazter resources for irmigation and livestock. The sea-lovel rise and enhanced tidal
wave erosion willlead to theloss of cuastal wetland areas which are reclaimabile for rice and sugar cene growing

5.7 IMPACTS ON FISHERIES

Climate change is expected Lo impact the individual fish stocks in the region {Saha, 1989). The year to vear
variability of stacks could increase which would lead fo planning and management problems for the countries in
the region. As nofed cardier, climale change will aifect certain marine parameters which in turn will affect the
breeding, migratory patterns and feeding habits of mest fish. Tuna, for example, may migrate ko colder areas.

Sea-level rise will have the effect of flooding ard pushing back the mangrove swamps which are important
spawning, nursery, and fishing grounds for oysters, crab, mallet and shrimp, and will have a deletcrious effecton
production. '

Depletion of the ozone layer and subsequent increase in ultra-violet-Bradiation may adversely affect crabarud
shrimp larvae and hence affect individual stocks, although this effect fas not been conclugively proved.

Gencrally, the lack of specific regional climate change scenarios makes it difficult o be specific as to
the impacts on fisheries. It is clear, however, that changes will result in different migratory habits, increased
inter-annual variation in fish stocks and changes in distribution uf fishcries within the region. :

58 TMFPFACTS ON SOCIETY
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paramctcrs are severcly affected by extreme climate eventslike droughts and floods, especially inarcgionlike East
Africa where rain-dependent agriculture and tourism ferm the backbone of the cconomy. The importance of
agriculiure to the regional cconemy is indicated in Table 4 which provides an averview of cconomic indicators for
the countries of the region,

Impacts arising from climate change will therefore have far reaching soclo-economie impacts on the
infrastructure and society in general since many activities are sensitive to rainfall variability. Specifically, it will
influence demographic shifts due to expected degradation of the coastal zones and to the frequency and intensity
of exfreme events such as droughts, floods and tropical cydones. Theexpected shift in the mongoonal areas could
shift the agroclimate zones which could be expected in the long run to result in a commensurate movement of

population.

Sea-level rise, higher rainfall and increased temperature will affect infrastruchure such as roads and railways.
[n particular, the island states will encounter considerable problems in road maintenance and communicabions in
genersl if the sea-level should rise. Most of the road networks in the region are dirt roads, so any frend towards
increase in rainfall islikely tolead to roads becoming impassable mostof the imemaking communication ditficult
or practically impossible. This will place a strain on economic pertormance and achanged climate may necessitate
transfer of food from productive areas to drought-stricken areas by road.

Higher rainfall may lead to poor landing conditions but is unlikely o sericusly affect air trangport lo any
appreciable degree. However, the higher frequency of rainfall, the rise in sea-level and attendant darmage to
beaches is likely to affect the tourist industry. Siltation along the bearhes as a result of flooding and changed
agricultural activities inland wil! affect the quality of beaches and reduce tourism along the coast.

The young, but growing, industrial sector is likely o be adversely affected by climate chanpe and rising
sea-level. Ports are most likely o be affected and this will have far-reaching economic implicabions.
Reconstruction of ports, which ig a costly exercise, to deal with sea-level rise, will affect maritime trade and the
shipping indusitry. Mostof the industry in the region is agro-based or related to fishing. Communication between
ports and inland areas (where most of the raw materials for the agro-based industries come from} via road and
rallway line will be critical for these agro-based industrics. To the extent that the toad communication nebwork
will be affected by climate change, the industries in the coastal areas are also likely to be adversely affectod.

These impacts may lead to unerngloymnent in the coastal areas and reduced standards of Living, With 13 per
cent of the population living in the coastal arcas of the region, and with the econotnic activities of the island
states being related to shipping, fishing, and other maritime activities, such an eventuality will affect the entire
economy of these countries. -

Human settlcment is likely to undergo considerable alteration as, through climate change, arid lands get drier
and wet areas get wetter.  Sca-level rise will dispiace populations close to the coastline. This will be more
pronounced in island states where the nerve centres of activitics are coastal. These centres are already sensitive
to storm surges and occasional swells and are extremely vulnerable to sca-level risc.

Table d
Official Development Assislance {QDA) 1984-66, and basic sconomic indlcators for 1986

CMNF |Mill.i.ﬂ.l.‘l USG? CDP % L]
Country % Mean  Awnozl Change ODAGDE
Total Per Capita 1963-73 197386 Agriculture Industrial
Comoros 130 28D - - 37 15 35
Kenya H60 410 8.2 4.3 a0 20 7
Madagascar 2350 230 34 -3 43 14 o
Mauritius 1.240 1,200 24 A7 15 32 4
Mozambigue 3000 210 - - 35 17 10
Seyrhelles - - - - - - -
Somalia’ 1,560 2RO 29 p 15 9 Ta

Tanzamnia 537 240 5.4 14 L 10 1
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6. CONCLUSIONS
61 SUMMARY

It is generally agreed that enhanced groenhouse effects and their associated impacts will result in sever,
changes to the climate and ecosystems of the region, There is however no definite indicalion as o the precis
magnitude of the temperature and sea-level changes at a regional level, Models have estimaled the avera ge ris
in mean global tempetature and sea-level to be about 1°C and 20emm respectively by the year 2030.

With the assumed temperature changes it is oxpected that there will be changes in the characteristics of th
maonspon winds which would lead to changes in precipitation patterna over parts of the Eastern African Region
However, it is expected that the many differences in topography, and other environmental parameters will Jeac
to extreme variation in the changes of precipitation. Changes in femperature will further Icad to changes in Hy
evapotranapiration rates, with deleterious effccts on crops in the dricr arcas where the water resources ar
generally limited,

The need for a regional climate scenario is eritical for an accurate forecast of the impacts of temperatur
increase and sca-level rise. Such a scemario would take cognizance of the varied topography and the axistence o
many island states within the region. Until then, the impacts will remain in the realm of educated guesses baser
on prosumed scenarios which are themsel ves uncertain.

Predicting the effect of tempersture increases on agriculiure is indeed very difficult. ‘To the extent that if
leads toincreased rainfalf it can be said to be posttive, but in the drier areas wherc droughts will persist and be more
intense the effects will be negative. Thedemand for itrigation will increase and lead o possible stress on available

water tesources. Salination of irrigation water will affect the cropping patterns along the coastal areas which may
necessitate a change in farming practices.

The effecis of sea-level rise appear much easicr to forecast but no clear indication of the expected regiona,
sea-level rise scenario has been developed. Assuming a sea-level rise of 20em {Incal sea-level rise could be muct
more than this) the effects could be minimal but there will be impacts such as:

{a) Wave-induced crosion and other impacts on cxposed coasts, such as those to be found in island sta tes, and
on ports in the enlire region,

(b} Flooding of canals and estuaries, lagoons, ete,, which have far-reaching implications for agriculture.

The effects could be more serious if subsidence oocurs which would mean higher relative sea-level rise. Nol
encugh is known of the geology of the area to cstimate these local cHects with any accuracy.

An inerease in the intensity and frequiency of tropical cyclones will have a devaslating effect on the island
shates of the area. Ifthey change their tracks, arcas not hitherto used todealing with tropical cyclones will be prone
foextensive damage. None of thesnppositions on the frequency orintensity of tropical cyclones however, has been
methodically examined and any impacts cannot be specific 0 any one area at this tire.

There are likely to be impacts on industry in the coastal areas which will have socio-economic sighificance.
Sea-level rise will affect the shipping industry and fishing while any increase or decrease in precipitation will
influence the productivity of agre-bascd industry in the region. The expected ncgabiveimpact of increased ratnfall
on road transpert will further affect the movement of raw materials from up-country to the coastal areas hence
influencing industrial productivity that may lead to unemployment and other socio-ceonomie problems,

Temperature increase and an increase in CO, may have a pogitive impact on forcst growth although in the
drier areas the potential for forest fires will be greater. With increased precipitation, it is expected that there will
be an increase in weeds and the warmer temperature will favour an increased risk of agricultural pests especially
inswamps. As temperatures increase, ecogystemns will migrate or adapt graduall y, butitislikely that biodiversity
will be reciuced, especially om islands, due to thelimited supply of fresh water. Cradual adaptation of ecosystems
will however, depend on the rate, intensity and duration of the climate change.

6.2 VULNERABLE AREAS/SYSTEMS AND FUTURE STRATEGIES
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The Intergovernmental Panel on Climate Change (PCC)} Working Group 1 is presently evolving dimate
change scenating on the basis of which impacts can be assessed, and global response strategics evolved (IPCC
1930, : .

Thereare alsoconsiderable gaps inknowledge of the regionand such gaps need to be filled it order to guantify
impacts and facilitate the development of response strategies and policy options.

Response strategies must be based on climale change scenarios, expected impacts and fature plans for the
coastal areas of the region. Plans such as land use, human setfement, port development, tourism development
{hotels and resort areas), are all necessary in this respect. :

Sestini et ai (1989) speak of two types of response strategies - preventive and reactive. Proventive sirategies
address the protection of present investment while reactive strategies seek to adjust, react and adapt to changes
as they arise, Preventive strategies use prior knowledge of the economic worth of present investment and its
relative significance vis-a-vis the cost of erecting preventive structures or creating new onesif damaged. Reactive
strategies respond to events as need the ariscs and are basically “adaptive”. Resettlement of populations is a
reactive strategy and need not be done before the event. However, reactive strategics tieed to be based on
predictable developments so that planning can be made to deal with future developments.

Tothe extent that climate change and sea-lovel rise scenarios at a regional level are unlikely to be available in
the next 10-20 years, reactive strategies might be the most applicablein the Eastern African Region. This is all the
more significant in view of the level of economic development in the region which can ill-afford an investment in
protective structures that, in vime, may prove not to have been necessary.

Notwithstanding the above, costeffective management strategies should be put in place lowards the
sustainabie exploitation of the natural resources. Land use practices shoulkd be geared towards sustainable
development with climate change taken intoaccount. Likewise, planning the settlement of large populationsalong
river banks, coastlines and large watcr masses should first consider the risk of flooding due to increased rainfall,
sea-level rise, and changes in storm surge frequency. :

Rescarch programmes to monitor water resoutices, and living resources should be carried out in order to
evolve adjustment actvities to climate change. Sich research programmes should include identification of
suitable crop varieties, and bree provenances.

It is important to mount educational programmes o sensitize coastal communities to the risks posed by
expected climate change and sea-lavel rise. This will lead to the development of a state of preparedness in coastal
settlernents for reactive strategies in the avent the expected impacts occur.

Fians to mitigate the effects of droughts and floods should be prepared in terms of food storage and
distribution systems and infrastructure. Waterresource projectsshauld take intoaccountexpected climatechange
impacts, including high evaporation rates, low inflows (droughts) and silbing (floods). _

There is a need to enhance regional efforts towards afforestation /reforestation in order to address the basic
issue of an increase in CO, in the atnosphere. In this respect, public education en environmental issues would go
a Jong way in increasing “on-farmi” afforestation.

There iz an urgent need for in-depth rescarch into the likely implications of climate change and sea-level rise
on the south west Indian Ocean island states which are seen as being partcularly vulnerable.

Governments should be encouraged to review all- proposed major investment decisions, espedally on
coastlines or on coral islands under their control, such decisions being confirmed only after a review of sea-ievel
rise impact. Governments should also screen private sector projects along the littoral and on coral islands and
cstablish local eriteria that would ensure greater longevily of structures as well as cffluent disposal syslems
relating thereto.

Finally, it isévident from thisreview that the coastal areas are vulncrable to the expected climatechange. The
impacts at the individual coastal locations will however, depend on the height of the location above the sea-level,
eeoloev of the area, time/space patherns of the climate change, Lhe degree of adaptability of the local ecosystems
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