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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).

LA R e T AL [ . [ -



140

. ettt Rkt il

TR EER, ok SR 4B T

https://www.yunbaogao.cn/report/index/report?reportld=5 15423

Mopgadisbn (A}
Somalia)

Mbwara (O}
(Tanmania)

Maput (B}
{Morambiqua)

Djibouti

Momhasa {8
(Kenya)

Dar-s-3alaam ()

H‘B:‘izam’.a};

Sondar (G
{Ethicpia}

Tananarive (F]
{Madagascar)




