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1. PREFACE

The coastal countries and islands of the Wstern Indian Ccean are
hi ghly vulnerable to sea-level rise, having many structural devel opnents
i ncluding major ports, cities, extensive farm ands, settlenments and touri st
facilities located along lowlying parts of the coast. A rise in sea-|level of
3 to 10 cm per decade as predicted by the Intergovernnental Panel on dinate
Change (1990) could have a devastating effect on this region, particularly
when conbi ned with other projected consequences of climate change, such as an
i ncrease in the frequency and nagni tude of tropical storms. Figure 1 provides
an overview of the Wstern Indian Ocean region and Tables 1 and 2 give
i nformati on about the countries of the region

Eval uating and planning for the projected inpacts of sea-Ievel
rise in the region is difficult, due to a paucity of data and |ow | evel s of
comuni cation and awareness anong scientists and policy-makers. Al though 19
sea-level nonitoring stations have been installed in the Western | ndi an Ccean
regi on, either through d obal Sea-Level Observing System (G.0SS) or through
the I OCINCWO regional conponent of GOSS, nuch renmains to be done. Many
stations are currently inoperative due to | ack of maintenance and repair, and
certain priority stations have not yet been install ed.

Thi s Wrkshop was convened to review available informati on on sea-
| evel neasurenents and analysis in the Western Indian Ccean and in particul ar:
(i) assess the inmpact of sea-level changes on the coastal environnent and
resources; (ii) devel op awareness of the inplications of sea-level change; and
(iii) recomend ways and means to establish links between the scientific
comrunity, carrying out sea-level neasurenents, and the decision makers, so
as to ensure a coherent approach to coastal marine nanagemnent.

The Wor kshop was organi zed as a series of 11 plenary and topica
sessions (see Annex | for Wrkshop Progranme). A total of 77 scientists,
experts and policy-nmakers from 11l countries attended the Wrkshop. A list of
participants is attached as Annex I

One of the main outcomes of the Wrkshop was the drawi ng up of an
outline for the 1OCI NCWO regi onal sea-level programme. The objective of this
programme is to i nprove the regi onal network of sea-level stations for |ong-
term nonitoring, both as a contribution to GOSS, as well as for the
assessnent of the vulnerability of this region to sea-level changes.

2. OPENI NG

Dr. EN emwa, Director of Kenya Marine and Fisheries Research
Institute (KMFRI), wel conmed the participants and wi shed them a pl easant stay
in Monbasa. He thanked all who provided assistance in the organization and
sponsorship of the Whrkshop, especially the Intergovernnmental Cceanographic
Commi ssion (1QC), the Swedi sh Agency for Research Co-operation w th Devel opi ng
Countries (SAREC), and the University of Nairobi (UON). Dr. Okemwa presented
the main research activities conducted by KMFRI and discussed sonme basic
probl ens of sea-level neasurenents at the Kenyan stations. He observed that
concern about climate change and sea-level rise has induced many countries to
nmoni tor and review this phenonena and expressed the hope that the participants
woul d have fruitful and stinulating discussions.

Professor R denbo, Chairnan of the KMFRI Board, stated that
evi dence of sea-level rise indicated that action should be taken now, as tine
is not in mankind's favour. He referred to the Ml di ves |sl ands, where the
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Figure 1: The East African Region. The dashed line represents the limits of the continental
shelves and major banks in the Western Indian Ocean.
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Table 1: The average width of the shelf is some 15 - 25 km but ranges from a few hundred metres wide

to nearly 145 km (see Figure 2 for the delineation of the continental shelf).

Estimated Shetf Length of
Country Land Area Km? Area depth range coastiine

. 0-200 Km2 {Km)

Comoros 2,236 900 350
Kenya 582,650 6,500 500
Madagascar 595,790 135,000 4,000
Mauritius 1,865 1,600 200
Mozambique 738,030 120,000 2,500
Seychelles 443 48,000 600
Somalia 637,657 32,500 3,000
Tanzania . 939,703 30,000 800

Table 2: Population Distribution (World Resource Institute, 1990)
Population Annual Coastal Density
Country (Millions) Growth Population (KM2)
rate (Millions)

Comoros 0.50 3.08 0.440 180
Reﬁnion 0.51 - ) 0.546 205
Kenya 22.40 4.20 1.640 27
Madagascar 11.20 2.90 2.000 14
Mauritius 1.04 1.65 0.772 509
Mozambique 14.72 2.69 3.000 13
Seychelles - - - 0.012 145
Somalia 5.36 2.80 1.600 8
Tanzania 2419 3.65 3,690 19
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hi ghest point is only a few neters above the high water mark, as an exanpl e
of a nation whose very existence is threatened by rising sea level. He
informed the participants that, due to other comm tnents, he woul d desi ghate
Prof essor Wasawo to represent the KMFRI board at the Wrkshop.

Dr. G Alcock welcomed the participants on behal f of the Secretary
of the 10C, Dr. G Kullenberg. He expressed gratitude to KMFRI and to the
University of Nairobi for organizing the Wrkshop, and thanked SAREC for
provi di ng substantial financial support. He appreciated also the support from
other organizations in providing additional funding to enable a w der
participation by scientists from the region. Noting that a nunber of
i nternational neetings have been convened to discuss sea-level rise and its
i npact on coastal areas in different regions of the world, Dr. Al cock pointed
out that countries of the Western Indian Ccean regi on have not held any such
neetings, at either the regional or national level, despite the fact that
these countries have many structural devel opments and inportant ecosystens
| ocated in |lowlying coastal areas. The |1 CC therefore saw the necessity and
justification for facilitating a workshop so that experts, policy-makers and
entrepreneurs could cone together to address the problenms and suggest
strategies for future planning.

M. S. Ragoonaden, Vice-Chairnman of the I OC Regional Conmittee for
the Co-operative Investigations in the North and Central Western | ndian Ccean
(ICCINCWO), recalled that IOCINCWO at its second session in Arusha,
Tanzani a (Decenber, 1987), had adopted a proposal for the devel opnent of a
regi onal sea-level programe. He hoped that by the end of this neeting, the
participants woul d devel op an outline for such a progranme to be presented to
the Third Session of | OCI NCW O

Prof. F.F. Qany of the University of Nairobi welconed the
Assi stant M nister for Research, Science and Technol ogy and stated that the
governnents in the region should initiate the necessary steps needed to
nmtigate the consequences of inpending sea-level rise in their respective
countries. In this regard, governments will need the advice of the scientists
concer ned.

Dr. G Quoch, the Assistant Mnister for Research, Science and
Technol ogy, expressed the pl easure of the Governnment of Kenya in hosting the
Wor kshop. On behalf of the Mnister, he thanked 10C and SAREC for their
substantial support. He stressed the inportance of developing regional
contingency plans to address problens arising from anticipated sea-I|evel
changes and noted that the strategy chosen nust be technically sound and
within the econonic means of the countries in the region. He hoped that at the
end of the Wdrkshop, participants would conme up with an assessnent of the
i npacts of anticipated sea-level changes on the coastal environnent and
resources in the region, and woul d provi de reconmendati ons for neasures to be
taken to adapt to these anticipated inpacts.

3. ADM NI STRATI VE ARRANCEMENTS FOR THE WORKSHOP

Dr. EE kemnwa was designated as Chairnman and M. M Odido as the
Secretary/ Co-ordi nator of the Wrkshop. The Chairnen and Rapporteurs of the
i ndi vi dual sessions are given in Annex | (Progranme of the Wrkshop). The
three committees formed were chaired by S. Ragoonaden, (Regional Sea Level
Programme), A B.C. Killango (Minland Nations Reconmendations) and A E.L.
Couto (Island Nations Recommendati ons).

The participants considered and approved the programme of the
Wor kshop as given in Annex I.
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4, SEA- LEVEL CHANCES
4.1 PAST AND FUTURE SEA-LEVEL RISE (G Al cock)

Most records of nean sea | evel show evidence of a gradual rise in
gl obal mean sea | evel over the last century. However, signals caused by |and
novenents (e.g. uplift or submergence) can mask this signal due to actua
changes in sea level. Correcting for the | and-based signal, estinates of the
actual rise in the global sea Ievel over the last 100 years lie within a range
of 10-20 cm The Wrking Goup | of the Intergovernnmental Panel on Cdinate
Change (IPCC) has estimated that, if the emssion of greenhouse gases
continues at the current rate, the level of the sea surface will rise by an
addi ti onal 8-20 cm by the year 2030, 21-71 cm by 2070 and 31-110 cm by the
year 2100.

A rise in sea level of this magnitude could cause mgjor inpacts
in many coastal areas of the world. Consequences include: the inundation of
coastal wetlands and |low ands wth associated disruption of ecosystens;
i ncreased coastal erosion and breaching or destruction of coastal structures
(both man-nade and natural); frequent and w despread flooding of |owlying
coastal areas; and contam nation of freshwater supplies and agricultural |and.
The options available in responding to sea-level rise include fortification
by buil di ng new def enses; abandonnment of vul nerable areas or adaptation to new
condi ti ons.

4.2 THE | MPLI CATI ONS OF THE EXPECTED CLI MATE CHANGES ON THE EASTERN
AFRI CA COASTAL ZONE (A. L. Alusa and J. Ogallo)

In 1989, the United Nations Environnental Programe's Cceans and
Coastal Areas Programme Centre (UNEP OCA/ PAC) created a regional task teamto
evaluate the inplications of climte change in the Eastern African region,
including countries of Somalia, Kenya, Tanzania, Conoro, Madagascar,
Mozanbi que, Reuni on and the Seychelles. An assuned nean tenperature rise of
1.5°C by the year 2025 may result in an increase in the frequency and
intensity of extreme weather events and nay cause changes in the nonsoon
winds, altering precipitation patterns over parts of the Eastern African
region. Changes in precipitation patterns are difficult to predict due to
t opographi ¢ and geographic variations. Although rainfall activity may be
intensified in currently rainy areas, an increase in tenperature could |ead
to higher evapo-transpiration rates, with deleterious effects on crops in
drier areas.

An assuned regional sea-level rise of 20 cm by the year 2025, is
not likely to cause severe inpacts. However |ocal sea-level rise may be nuch
hi gher than this in areas of |and subsidence. Inpacts may include wave inpacts
on exposed wastes and on ports, and flooding of canals, estuaries, |agoons,
etc. Soci o-econom ¢ consequences of climate change and sea-|evel rise include
i mpacts on shipping and fishing industries, agriculture and transportation

4.3 EPI SCDI C SEA- LEVEL CHANGES | N THE WESTERN | NDI AN OCEAN - EFFECTS
ON MAN- MVADE COASTAL STRUCTURES (T.S. Mirty)

Epi sodi ¢ sea-1evel changes occur during specific events such as
stormsurges, tsunam s and water waves caused by subnarine | andslides. In the
Western Indian Ccean there are two regions prone to tropical cyclones: the
Arabian sea in the north and the region between 10°S and 30°S. Storm surges
generated by tropical cyclones can cause |oss of |ife and damage to property.
A obal warming is expected to intensify tropical cyclones and the wind fields
associated with them Super hurricanes or hypercanes nmay be experienced, in
which the pressure field at the centre of the hurricane at sea | evel could be
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800 nmb or even lower. By conparison, the |owest pressure ever recorded in a
hurricane is 870 nmb. It is possible that the gap between the northern tropical
cycl one-affected region and the southern tropical cyclone-affected region in
the Western Indian Ccean nmy narrow or disappear conpletely, making all
shorelines along the Wstern Indian Ccean subject to tropical cyclones and
storm surges. Storm surge anplitudes associated with hypercanes wll be
significantly greater than those at present.

Changes in sea |l evel associated with global warm ng will be slow
and gradual as conpared to changes in sea level associated with episodic
events. Breakwaters, seawalls and mangrove forests nmy offer partial
protection fromthe destructive effects of events associated with relatively
fast sea-level changes. H gh velocity surges may result in five types of
forces: buoyant forces (lifting large objects and structures from their
foundations); surge forces (destroying or displacing structures at the |eading
edge of the surge); drag forces (displacing itens or buildings in the
direction of the waves and causing severe erosion and scouring of materials
at the bottom of structures); hydrostatic forces (resulting in the cracking
or collapse of structures); and inpact forces (caused by materials carried by
the surging water).

4.4 THE TOGA SEA- LEVEL OBSERVI NG NETWORK | N THE WESTERN | NDI AN OCEAN

Dr. G Mtchumpresented the Tropical Cceans and d obal Atnosphere
(TOXA) Sea Level hserving network in the Western Indian Ccean. So far, fair
to good data has been received from Kenya (Mnbasa, Lamu), Midagascar (Nosy
Be), Mauritius, and Tanzani a (Zanzibar). Dar-es-Salaamdata is not as good.
No information is available on the status of the sea-level stations in
Somalia. The University of Hawaii is willing to send and install instruments
if they can be assured of |ocal observer support. Data fromthe region is
avai l abl e, free of charge, fromthe TOGA Sea-Level Centre.

4.5 CONTRI BUTED PAPERS ON SEA-LEVEL STUDIES IN COUNTRIES OF THE
VWESTERN | NDI AN OCEAN

Partici pants fromeach country summari zed the work undertaken by
their respective nations on sea-level studies in the Western Indian Ccean. A
summary of the abstracts or presentations is provided in Annex I|I1.

5. CONSEQUENCES OF SEA LEVEL CHANGE

Basic data pertinent to clinmate change and sea level rise in the
region is linmted and in non-standardized formats. However a rise in the
regi on of 30-100 cm coul d have far-reachi ng consequences.

5.1 WEATHER AND CLI MATE

Changes in weather and climate patterns will affect and will be
affected by sea-level changes. There will be changes in the nagnitude and
frequency of storm events. Cyclones and their attendant storm surges are
likely to occur along tracks closer to the equator, inpacting previously
unaf fected shorelines. Changes in precipitation patterns and the nobnsoon

stormclimate may result in higher river discharges and | arger sedinent | oads,
potentially altering coastal sedinment budgets and ecosystens.

5.2 COASTAL PROCESSES

Sea-level rise, in combination with neteorol ogi cal changes, will
cause a change in tidal patterns, increased wave action and changes in coastal
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circulation leading to altered depositional and erosional processes. Exposed
shorelines are likely to experience increased erosion, and hitherto sheltered
shorelines may | ose their protection

5.3 MARI NE AND OCEAN LI VI NG RESOURCES

Coral reef comunities could initially benefit fromthe increased
area available for colonization and the increase in water tenperature.
However, ultimately these reefs may slowy be subnerged, possibly unable to
grow fast enough to keep pace with the true rate of sea-level rise. Mangroves
will mgrate landward to occupy newy flooded areas, while existing
comunities in deeper waters will be subnerged. Macroal gae and sessil e rocky
cliff organisms will have to mgrate to higher elevations on the surfaces they
col oni ze. Seagrass growi ng on marshlands will benefit fromincreased sea |eve
where their habitat is not conpletely covered

5.4 COASTAL LONLANDS

Coastal | ow ands (eg. swanps, marshes, floodplains, deltas) will
be fl ooded nore frequently and nmay even be conpletely covered by seawater or
subjected to erosion. The intrusion of sea water into estuaries and
groundwat er aquifers may affect the quality of freshwater supplies.

5.5 HUMAN  SETTLEMENTS, | NDUSTRI AL DEVELOPMENT AND  GENERAL
I NFRASTRUCTURE

Maj or investnents |located in the coastal areas including cities,
port facilities and industries will all be affected in different ways by sea-
level rise. Reclained land currently developed or inhabited by coastal
comrunities will be threatened by flooding. Man-nmade structures such as
jetties, seawal | s and enbanknents wi Il conme under increasing physical stress.
Most tourist facilities are sited close to the high water mark and are al ready
experiencing erosion problens. Arise in sea level will therefore affect them
significantly. Aquaculture may initially benefit from the increased |and
available for fish ponds, but existing infrastructure may have to be
redesi gned.

5.6 | SLAND NATI ONS

I slands have unique oceanographic, geonor phol ogi cal and
t opogr aphi cal characteristics. Their econonies rely to a large extent on their
coastal resources, including tourism Especially small island nations are

particularly susceptible to adverse inpacts resulting froma significant rise
in sea level. Sone basic work has already been conpleted in Mauritius on the
inplications of sea |level-rise on the coastal environment and soci o-econonic
activities.

6. POLI CY RESPONSES AND RECOMVENDATI ONS
The policy options available to address sea-level rise include the

fol | owi ng:

(1) protection of shores and existing coastal structures. This wll
i nvolve the construction of coastal defence structures such as
seawal | s and enbanknents. Fortification of sand dunes w th binding
vegetation may tenporarily reduce the inpact of sea-level rise;

(i) pl anni ng for devel opnent to adapt to changing sea |evel (e.g.

est abl i shnment of buffer zones);
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(iii) abandonment of vul nerable areas and relocation of affected
popul ati ons. For sone nations, particularly the islands,
this option is not viable, as there is nowhere to transfer
t he di spl aced popul ati ons.

These are analyzed in the IPCC | Report in the global perspective
(VWMD UNEP | PCC Pol i cy-nakers Summary of the Scientific Assessnent of dinate
Change, June 1990).

To be in a position to nake correct decisions on actions to take
in addressing sea-level concerns, a certain anmount of baseline data is
necessary, which will require a variety of research activities. These include
basi ¢ neasurenents of sea-level change, and research on a variety of related
topics such as how the conbined inmpacts of weather, clinmate, coastal
circulation and sea level will inpact coastal systens and human settlenents.
In order to effectively carry out the nmonitoring and research activities, sone
training will be required to develop local scientific capabilities.

It is vital that the results of this research be communicated to
managers, decision nakers and the general public, and eventually be
i ncorporated into |egislation. Physical oceanographers, marine neteorol ogists
and other narine scientists should be actively involved in nonitoring and
managi ng the coastal environnent; and also in the fornulation of strategies
for coastal zone devel opnent and nanagenent. Coordi nation of activities can
be facilitated through interdepartnental and interministerial co-operation

Speci fic reconmendati ons for nonitoring and research activities,
trai ning, awareness |egislation and co-ordination are discussed bel ow

6.1 REG ONAL SEA- LEVEL PROGRAMVE

Sea-level nonitoring and data analysis and interpretation is
necessary for the devel opment of rational nanagenent strategies. There is a
need to inprove the sea-level network in the region. A draft Regional Sea-
Level Programe was prepared by the Ad hoc Committee and is provided as Annex
IV. Al the countries of the region are urged to do everything possible to
realize this programme, in close co-operation with the G obal Sea-Leve
oservi ng System (G.CSS).

Maj or conponents of this programme include the up-grading and
expansion of the existing nonitoring network, the establishnent of a
centralized data managenent centre, training activities and fund-raising. To
i mpl enent this progranme, the follow ng actions are recomended:

(i) Each country should nake efforts to ensure that the proposed sea-
level stations wthin its jurisdiction are installed and
oper ati ng;

(i) A regional data centre should be established at KMFRI in Mnbasa,

Kenya and the TOGA Sea Level Centre should be requested to provide
nont hl y and annual nean sea-level data to the regional centre for
di stribution;

(iii) IOC should initiate and co-ordinate training, in
col | aboration with national and regional institutions; and

(iv) | OC, SAREC and ot her organi zati ons shoul d be approached to assi st
in the realization of the regional sea | evel programme.
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In addition to neasuring the level of the sea surface, I|and
novenments (tectonics) should al so be studied with appropriate equi pnent.

6.2 OTHER RESEARCH ACTI VI TI ES

Nations in the region should increase and el evate nore seriously
studies of their marine resources and environnents by upgradi ng and extendi ng
the nmandates of their marine and ocean research centres to support w der
i nterdi sciplinary research.

A wide range of research activities are needed in order to predict
t he possi bl e consequences of clinmate change and sea-level rise on the coasta
regi ons of the Wstern I ndian Ccean.

Weather and climte: Met eor ol ogi cal observations of air novenents,
tenperatures and cycl ones shoul d be inproved. There is also a need for studies
on the effect of nobnsoons on sea-level changes. National climte comittees
shoul d be established, as recommended by the Second Wrld Cinate Conference
(Cct./Nov. 1990), to develop the national climte progranmes. A list of the
nmenmbers of these national conmittees should be nade available to facilitate
person-to-person consultations on specific nmatters. A regional narine
forecasting centre should be set up to provide tinely warnings of possible
storm surges or abnornal sea-level fluctuations caused by neteorol ogical or
geol ogi cal phenonena.

Coastal Processes: Mdelling should be used to predict how different
shorelines will be affected by sea-level rise and tidal waves, in order to
come up with geopotential naps (hazard naps). Sedi nent budgets at river
nmout hs vis-a-vis | and use practices upstream should be studies, as should the
ef fect of sedinment dynanmics on jetties and beaches.

Coastal ecosystens: Further studies should be conducted on how different
ecosystens, particularly corals, mangroves and mari ne al gae, will be affected
by sea-level rise.

Hurman settlenments, industrial developnent and general infrastructure: An
assessnent of the long-terminpacts of sea | evel changes should be carried out
for existing structures. The effect of coastal dynamics on nman-nade
structures should be studied so that the effects of sea-level changes can be
predicted. To | essen the adverse inpacts of sea-level changes on the coasta
envi ronnent and infrastructure, coastal structures should be constructed in
close consultation with scientists and engi neers.

Case studies: Case study proposal s shoul d be prepared on how sea-| evel changes
will affect vul nerable areas of the island nations and mai nl and coasts.

O the island nations, vulnerable areas include the islands of
Conoro and Mauritius. Pilot projects should be initiated in Conoro and
Mauritius to assess their vulnerability because of the erosion they are
al ready experiencing and the investnments and developnents along their
coastlines. The island nations have expressed the need for the devel oprent
of nunerical nodels to assist in the nanagenment of their coastal environments.
To be able to run these nodels, the countries will need mcroconputers. Dr.l.
Fagoonee wi || provide guidelines for standardi zed data collection and for the
preparati on of background docunents for national conmttees.

On the mainland, vul nerable areas identified in Tanzani a include
M war a, Dar-es-Salaam Tanga and the Ruvu river nouth. In Kenya, Monbasa,
Mal i ndi and Lamu have been identified. Oher countries should also identify
appropriate sites for case studies, particularly in areas with |arge
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popul ati ons or substantial investnents.

A team of scientists should be established to ensure proper
steering and co-ordination of the case study progranmes. To revi ew progress
and consolidate the case study programme, a regional workshop should be
convened in conjunction with ICCINCWO-I11.

6.3 TRAI NI NG

In order to effectively carry out nonitoring and research
activities, there is a need to develop local scientific capabilities. This can
be done through short-termtraining and attachnents and/or through |ong-term
training at the undergraduate and graduate levels in marine nmeteorology,
physi cal oceanography, coastal zone nmanagenent and other aspects of narine
sci ence.

Inthis regard, |I0OC, SAREC, UNEP, UNESCO UNDP and WMD are invited
to assist in the provision and funding of these training activities.

6.4 AWARENESS

The coasts are a natural heritage that nust be conserved and
mai ntai ned for future generations. The attention of |eaders and policy makers
should be drawn to the causes and consequences of sea-level changes, in
particular to the effects this phenonena will have on coastal settlenents,
devel opment and infrastructure. Wrkshops and senminars should be held at
nati onal and regional level to inprove the awareness of policy nmakers and
pl anners about sea-I|evel concerns.

Pl anners, architects and engineers should be nade aware of
i nherent problens related to the construction of structures in the coasta
envi ronment and shoul d be sensitized to the precautions that nmust be taken to
preserve the shores, especially beaches. For future developrments in the
coastal zone, nandatory independent environnental inpact assessnments shoul d
be required.

Investors and users of the beaches (in particular hoteliers and
tourists) should be informed of the problens related to sea-1evel changes and
the best strategies for acconmmpbdating them These problenms should be
denmonstrated by experts during their neetings, and through illustrated manual s
and brochures detailing areas nost susceptible to sea-level rise. Coasta
comruni ties and society at large should be educated on the consequences of
sea-l evel change and the need for rational use of the coastal environnent.
This can be done through dissem nation of accurate information using mass
medi a, brochures and bulletins. Press conferences wth expert panels
di scussi ng the consequences of sea-level rise should be organized. Sea |eve
i nformati on should also be built into the school and college curricul um

Countries in the region are urged to provide information on their
environmental vulnerability to the upcoming United Nations Conference on
Envi ronnent and Devel opnent (UNCED), Brazil, June 1992.

6.5 LEG SLATI ON

CGovernments should be involved in the planning of coastal
devel opments. To this end, |egislation on coastal zone managenent shoul d be
further devel oped and enforced, and where legislation does not exist, it
shoul d be enacted. Conventions on environment managenent shoul d be reinforced
in the region.
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6.6 CO- ORDI NATI ON

Nati onal co-ordination of coastal managenent and protection so as
to base it on scientific know edge is inportant. There is a need for better
co-ordination between scientists and engi neers so that, in solving probl ens
related to sea-level changes, new problens are not created. A regiona
research centre associated with a university should be established. This
centre should be able to provide facilities to all scientists in the region.

An active user community for sea-level data is necessary to ensure
that the data and products are of high quality. The RECOSCI X-W O Regi ona
di spatch centre should co-ordi nate the exchange of information anong users.

7. CLOSURE

Dr. WK Ngala, the Director of Research Developnent in the
M nistry of Research, supported effort nmade by the country. M MW Dunford
of the Mnbasa and Coast Tourist Association said he would present the
problens related to sea-level change to the Associati on and expressed the hope
that some of the speakers present at the Wrkshop woul d be able to address the
Association at its annual neeting. He noted that the infornmation presented was
very inportant and should be widely circulated in an easily readable fornat.
Dr. G Mtchumthanked all those who attended the Wrkshop on behal f of the
TOGA sea-level Centre. He said the Wrkshop had enabl ed hi m make contacts in
countries where he did not have any before, thus opening the possibility of
an i nproved TOGA network coverage in the region. He hoped that efforts would
be nade to ensure that all tide gauges in the region are operational. Dr. G
Al cock thanked all those who contributed to the success of the Wrkshop and
was pleased that the Wrkshop had been interesting, stimulating and also
productive. He hoped this Wrkshop woul d open up avenues for co-operation in
the devel opment of a viable regional sea-level observing system 1In his
cl osing speech, M. S. Ming'ala, the provincial conm ssioner of the coast
province, noted that this W rkshop had brought together scientists,
entrepreneurs and policy-nmakers to address a subject of inportance to the
coastal communities. These communities are very interested in the results and
recomrendati ons of the W rkshop, as they will be directly affected by sea-
I evel rise. He hoped that the informati on presented during the Wrkshop woul d
be widely circulated in an easily readable fornmat.
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PROGRAMMVE OF THE WORKSHOP

June 24, 1991.

0800- 1000
1000- 1100

1100- 1130

1130-1230

1230- 1400
1400- 1500

1500- 1520
1520- 1700

1520- 1540
1540- 1600
1600- 1620

1620-1700
1900

Regi stration
OFFI Cl AL OPENI NG
Di rector KMFRI
G aham Al cock (10Q)
S. Ragoonaden (1 OCl NCW O
F.F. g any
Hon. G Muhoho EGH.
BREAK

Chairman sessions 1 and 2: S. Ragoonaden

Rapporteur: A Mizuka.
SESSI ON 1: Pl enary session
Past and future sea level rise (G Al cock)
LUNCH
SESSI ON 2: Pl enary session
Epi sodi ¢ sea | evel changes in the Wstern Indian ocean (T.S. Mirty.
BREAK
SESSI ON 3:
Chairman: Prof. L.J. QOgallo
Rapporteur: A B.C Killango
Thene: - Causes of sea | evel changes

- Determ nation and prediction of sea | evel change
- Evidence of sea-level changes in the Wstern Indian Ccean.

Changes in sea level in the region of Mauritius (S. Ragoonaden)
The Western Indian ocean sea-level observing system (M QO dido)
Seasonal variation in nmean sea |evel at Zanzibar Island (J. Francis
and AAM Dubi)
DI SCUSSI ONS
RECEPTI ON

June 25, 1991.
Chai rman sessions 4 and 5: Prof. D.P.S. Wasawo

Rapporteur: Saeed Mraaguni

0900- 1000 SESSION 4: Plenary session: Effects of sea-level changes on nan-nmade

coastal structures (T.S. Mirty)
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1000- 1300

Thene: Effects of sea-|eve

1000- 1020

1020- 1040
1040- 1100

1100-1120

1120-1140

1140- 1200

1200- 1220

1220- 1300

1300- 1400
1400- 1620

1400- 1420

1420- 1440

1440- 1500

1500- 1520

1520- 1540

1540- 1620
1620- 1640

page 2

SESSI ON 5:

changes on beaches and | ow | yi ng shores.
Implications of sea-level rise in North Eastern and Eastern African
region (M Kh. El Sayed)

sedi nrent dynamics in a changed climate (MP. Tole)

coast al
Coast al
Rapi d met hod of determining the susceptibility of shore line to
erosion due to a change in the sea: a case study (K K Kairu)
BREAK

Some prelimnary observations on the possible inpacts of a 3-5
nmeter (10-15ft) sea-level rise on the coastal |andform and
structures along the Kenyan coast (F.F. G any)

UNEP activities on the inplications of the expected climte changes
Qgal | 0)

changes on geonor phol ogi cal
al ong the coast (D.E. Kapule)

on the Eastern African coastal region (L.J.

The effects of sea-Ievel processes

DI SCUSSI ONS

LUNCH

SESSI ON 6

Chai r man: Luc chang-to
Rapporteur: G O Cuya

Thene: |npacts of sea-|evel i sl and nati ons.

The rising |evel

changes on the smal
of the sea and inplications to construction (low
lying islands such as Lanu) (C. K Kabubo)

Sea | evel, coasta
(R L. Ranai voson)

erosi on and nanagenent i n Madagasi kara

Rat es and causes of coastal erosion on the Zanzibar Island
(Nyandwi N. and A. N. N. Muzuka)

BREAK

Potential inmpact of sea-level rise in Muuritius (I. Fagoonee)
DI SCUSSI ONS

EXCURSI ON BRI EFI NG

June 26, 1991.

0800- 1800

EXCURSI ON
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June 27, 1991.

0900- 1100

0900- 0920

SESSI ON 7

Chairman: Dr. E.N. Ckemna

Rapporteur: Julius Francis

Thene: |npacts of sea-level changes on marine and ocean |iving

resour ces.

Possi bl e effect of a 20-140cm seawater rise on the East African

coast (W M Kudoj a)

0920- 0940

0940- 1000

1002-1020

1020- 1100

1100-1120
1120- 1300

1120-1140

1140-1200

1200- 1220

1220- 1300

1300- 1400
1400- 1620

1400- 1420

1420- 1440

1440- 1500

Vertical distribution of Kenya's intertidal seaweeds as related to
patterns of subnersion and enersion (G M Wnukoya)

Model ling the effects of sea-level rise on intertidal
with fixed individuals (E V. Berghe)

| mpacts of sea-Ievel

popul ati ons

rise on Kenyan coastal reefs (J.C. Mitere)

DI SCUSSI ONS

BREAK

SESSI ON 8:

Chai rman: Prof. J. Kokwaro
Rapporteur: Peter Cchunba

Thene: Effects of sea | evel changes on agriculture, mariculture and
nangrove ecosystens.
I mplications of sea level rise on rocky cliffs and mangrove

macroal gae in Kenya (H A Oyieke)

Sea level rise: |Its inpact on nmangrove ecosystens in Tanzani a
(Y. Maya)

Ef fect of sea | evel changes on aquacul ture, devel opment in Kenya
(J.R Radull)

DI SCUSSI ON

LUNCH

SESSI ON 9:

Chai rman: M chael W Dunford

Rapporteur: Phillip Mwvanukuzi

Thene: Effects of sea | evel changes on coastal hunan settlenents
and soci o-econom ¢ activities especially tourism

Ef fects of sea | evel changes on coastal hunan settl enents:

from Tanzania (J. A R Wnba- Rashi d)

Ef fects of sea |evel

coast (Mailu G and Muturi

The cost inplications of

(G O Qya)

Exanpl es

fluctuations on ground water
HR)
rising |evel

al ong the Kenyan

of sea: marine structures
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1500- 1520

1520- 1540

1540- 1620
1620- 1700

June 28, 1991.

0900- 1100

0900- 1100
1100-1120
1120-1220

1220- 1400
1400- 1500

1500- 1540

1540- 1600
1600

Each group will have Chairman and Rapporteur.

Meeting of Adhoc conmmittees

BREAK

SESSION 11

Chai rman: Prof.F. F. g any
Rapporteur: Dr. WM Kudoja
Pol i cy options.

LUNCH

Di scussion of Ad hoc conmittee reports
Chai r man: Dr. E. O Odada

Concl usi ons and Reconmendati ons
Chairman: Prof. F.F g any
BREAK

CLOSI NG SESSI ON

page 4
BREAK
Er odi ng Kenyan coastline: The need for geological input into
shorel i ne managenent deci sions and strategy (E. O (dada)
DI SCUSSI ONS
EXCURSI ON REPORTS
SESSI ON 10
COORDI NATOR: DR E. O (dada
Thene: Preparation of (1) Case study for mainland; (2)Case study
for island; (3) Regional sea | evel programe
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LI ST OF PARTI Cl PANTS

| NVI TED EXPERTS
ABUCDHA, P.OW (Ms)
Uni versity of Nairobi
Depart ment of GCeol ogy
P. O Box 30197

NAI ROBI

KENYA

ANDI KA, Steven S.

Fi sheries O ficer

Fi sheri es Depart nent
P. O Box 90423
MOVBASA

KENYA

CHEPKWONY, John K

Assi stant Sci ence Secretary
NCST ( MRST)

P. O Box 30623

NAI ROBI

KENYA

CHANG KO, Luc

Di rector

Met eor ol ogy Servi ces
Directorate of Cvil Aviation
P. O Box 181

SEYCHELLES

CHI KA, Francis O
Sur veyor

Survey of Kenya
P. O Box 30123
NAI ROBI

KENYA

CQUTO, Antonio M

Bi ol ogi st

Faculty of Bi ol ogy
Uni versity of Maputo
RUAlI, 50, COCP
MAPUTO

MOZAMBI QUE

DUNFORD, M chael W
Consul tant (Tourism
Mombasa & Coast Touri st
Associ ati on

P. O Box 30123

NAI ROBI

KENYA

FAGOONE, | ndurl al |

Pr of essor

School of Science

University of Mauritius, Redult
MAURI TI US

FRANCI' S, Julius

Assi st ant Research Fel | ow

| MB

Uni versity of Dar-es-Sal aam
P. O Box 668

ZANZ| BAR

TANZANI A

GACIRI, Steve J.

Seni or Lecturer

Uni versity of Nairobi
Depart ment of GCeol ogy
P. O Box 30197

NAI ROBI

KENYA
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GUYA, Ceorge O

Engi neer

M nistry of Public Wrks
P. O Box 30260

NAI ROBI

KENYA

HARUNONI , Zul fi kar
Chai r man

Monbasa & Coast Touri st Associ ation

P. 0. Box 99596
MOVBASA
KENYA

KABUBO, Charles K

G vil Engi neer

M nistry of Public Wrks
P. O Box 30260

NAI ROBI

KENYA

KAl RU, Kuria K

Research O fi cer
KVFRI

P. O Box 81651
MOVBASA

KENYA
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KAPULE, D. E.
Lect urer

Uni versity of Nairobi
Depart ment of Geography
P. O Box 30197

NAI ROBI

KENYA

KILLANGO, A B. C

Fi sheries Trai ner & Adm ni strator

Kunduchi Fisheries Institute
P. O Box 60091

DAR- ES- SALAAM

TANZANI A

KOKWARO, J. O Professor
Uni versity of Nairobi
Departnment of Botany

P. O Box 30197

NAI ROBI

KENYA

KUDQJA, WIliam M
Lecturer

Depart ment of Zool ogy
Uni versity of Nairobi
P. O Box 30197

NAI ROBI

KENYA

LAMBA Davi nder

Executive Director
Mazingira Institute/| Bl ON
P. O Box 14550

NAI ROBI

KENYA

LI SBOA, Manuel A.
Hydr ogr apher

I NHN

Av. Karl Marx No. 538
MAPUTO

MOZANMBI QUE

MAI LU, Gabriel M

Seni or Research O ficer
MRST

P. O Box 30568

NAI ROBI

KENYA

MAI YA, B. M
Department of Defence
Kenya Navy

P. O Box 95350
MONVBASA

KENYA

MALOVBE, Patrick M
County Council of Lanu
P. O Box 74

LAMJ

KENYA

M TCHUM Gary

Qceanogr apher

TOGA Sea Level Center
Department of Cceanography
University of Hawaii

Honol ulu, H 96822

UNI TED STATES OF AMERI CA

MUHORO, James W

Met eor ol ogi st

Depart ment of Meteor ol ogy
P. O Box 98512

MOVBASA

KENYA

MURTY, Tad S.

Sci enti st

Institute of Ccean Sci ences
P. O Box 6000

SI DNEY, B.C.

V 8L4B2,

CANADA

MUTERE, Jacqueline C (Ms)
Assi stant Research O ficer
KVFRI

P. O Box 81651

MOVBASA

KENYA

MJUTURI, Harun
Ceol ogi st

VRST

P. O Box 30568
NAI ROBI

KENYA

MJZUKA, Alfred N. N

Resear cher

| MB

Uni versity of Dar-es-Sal aam
P. O Box 668

ZANZ| BAR

TANZANI A

MAMNGUNI , Saeed M
Chem st

O fice of the President
Gover nment Chem st

P. O Box 81119
MOVBASA.

KENYA



MMNIJE, Justus |I.
Lecturer

Depart ment of Geography
Uni versity of Nairobi

P. O Box 30197

NAI ROBI

KENYA

MMNUKUZI, Philip P. K

Tut ori al Assi stant

Uni versity of Dar-es-Sal aam
P. O Box 35049

DAR- ES- SALAAM

TANZANI A

MAENDA J. (Ms.)

Monmbasa & Coast Touri st Association
P. O. Box 99596

MOVBASA

KENYA

NDEDE, Henry

El samere Field Study Center
The El sa Conservation Trust
P. O Box 1497

NAI VASHA

KENYA

NGULO, Wl lington K

Di rector

Department Res. Devel opnent
MRST

P. O Box 30568

NAI ROBI

KENYA

NYAM S, David O

District Environment O ficer
Provi nci al Admi nistration

P. O Box 1

KWALE

KENYA

NZANO, Archie R C.

District Environment O ficer
Provi nci al Admi nistration

P. O Box 90430

MOVBASA

KENYA

OCHUMBA, P. B. O

Seni or Research O ficer
KVFRI

P. O Box 1881

KI SUMJ

KENYA
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ODADA, Eric O S

Seni or Lecturer
Depart ment of GCeol ogy
Uni versity of Nairobi
P. O Box 30197

NAI ROBI

KENYA

ODI DO, Mka (Secretary/ Coordi nator)

GLOSS Regi onal Coordi nator | OCI NCW O
(Secretary/ Co-ordi nat or)

Research O ficer

KMFRI

P. O Box 81651

MOVBASA

KENYA

ODUOR, Booker W

Assistant Director of Fisheries
Fi sheri es Depart nent

P. O Box 90423

MOVBASA

KENYA

OGALLO, Laban

Pr of essor

Met eor ol ogy Depart nent
Uni versity of Nairobi
P. O Box 30197
MOVBASA

KENYA

QJANY, Francis F.

Pr of essor

Ceogr aphy Depart nment
Uni versity of Nairobi
P. O Box 30197

NAI ROBI

KENYA

OKEMM, Ezeki el
Director, KMRI
P. O Box 81651
MOVBASA

KENYA

( Chai r man)

OLEMBO, Reuben

Chai rman, Board of Managenent
KMFRI

P. O Box 58187

NAI ROBI

KENYA

OPI YO Maurice O

War den

Monmbasa Mari ne Park
Kenya WIldlife Services
P. O Box 82144
MOVBASA

KENYA
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OYIEKE, H (Ms)

Seni or Research O ficer
KVFRI

P. O Box 81651

MOVBASA

KENYA

POUNDJA, Mahanpud A. B.
B. P. 514

MORONI

COMORO

RADULL, John O
Research O ficer
KVFRI

P. O Box 81651
MOVBASA

KENYA

RAGOONADEN, Sachooda
Mari ne Met eorol ogi st
Met eor ol ogy Depart nent
30 Antel ne Avenue
QUATRE - BORNES

MAURI Tl US

RAHARI JAONA, Richard N.

Cceanogr apher

Institute CGeodesy & Hydrography
FTM BP 323

ANTANANARI VO

MADAGASCAR

RANAI VOSQON, Roger
Sci ent i st

CNRO

BP 68

NOSY BE
MADAGASCAR

RASH D, R M

District Environment O ficer
Provi nci al Admi nistration

KI LI FI

KENYA

SHETE, Mnanba

Assi stant Director

East African Wldlife Society
P. O Box 20110

NAI ROBI

KENYA

TOLE, Mnakio P.

Pr of essor

Ceol ogy Depart nent
Moi University

P. O Box 3900
ELDORET

KENYA

VANDEN- BERGHE, E.
Lecturer

Department of Botany
Uni versity of Nairobi
P. O Box 30197

NAI ROBI

KENYA

WASAWD, David P. S

Chai r man

Scientific & Research Committee
KMFRI Board

Prof essor (Retired)

Consul t ant

P. O Box 41024

NAI ROBI

KENYA

WEMBA, J. A R

Lect urer

Institute of African Studies
Uni versity of Nairobi

P. O Box 30197

NAI ROBI

KENYA

VWERU, Sam D. M

Mari ne Bi ol ogi st

Kenya WIldlife Services
P. O Box 40241

NAI ROBI

KENYA

Uni ted Nations Educati onal,
Scientific and Cul tural
Organi zati on

Regi onal O fice for Science and
Technology in Africa

KI TAKA, Ceorge
UNESCO Regi onal O fice

for Science & Technology in Africa

P. O Box 30592,
NAI ROBI
KENYA

OBSERVERS

GMDA, P. M
Assi stant Research O ficer

KI MANI, N.
Assi stant Research O ficer

KIMOTHO T. K.
Assi stant Research O ficer

LANGAT, S.
Techni ci an



MONARI, S.
Techni ci an

MUNGA, D.
Research O ficer

MMCHI REYA, A. S.
Assi stant Research O ficer

MAMLUMA, J.
Assi stant Research O ficer

MMNG , S. N
Assi stant Research O ficer

MMTHA, G K
Assi stant Research O ficer

MAEU, C. N.
Research O ficer

NYAMBU, S. S.
Seni or Technol ogi st

NYONJE, B.
Assi stant Research O ficer

CKETCH, J.
Assi stant Research O ficer

OSORE, M
Assi stant Research O ficer

ONLI, M M
Assi stant Research O ficer

WAKI BYA, J. A
Assi stant Research O ficer

WAKWABI, E. O
Research O ficer

WAW YE, P.
Assi stant Research O ficer

Kenya Marine Fisheries Research
Institute (KMFRI)

PO Box 81651

Mombasa

KENYA
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SECRETARI ATS

Kenya Marine Fisheries Research
Institute

Dr. Ezekiel Okemna
Di r ect or

PO Box 81651
Mombasa

KENYA

I nt ergover nnent al Cceanogr aphi c
Conmi ssion (1 0Q)

ALCOCK, G aham (Representing
Secretary |1 QOC)

Cceanogr apher

Proudnan Cceanogr aphi ¢ Laboratory

Bi dst on Cbservatory

Bl RKENHEAD

Mer seysi de L43 7RA

UNI TED KI NGDOM
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SUMVARI ES OF ABSTRACTS OF CONTRI BUTED PAPERS ON SEA- LEVEL STUDI ES
IN COUNTRI ES OF THE WESTERN | NDI AN OCEAN

Sea- Level Studies in Conoro (A B.P. Mahanmoud)

Not much work has been done in the field of sea-level studies in
Comoro. M. Mahanoud informed the participants that there is already serious
erosi on on sonme beaches of Conoro which could be aggravated by a rise in sea

level. A tide gauge, previously operating in Dzaoudzi, is no |onger there.
KENYA
(a) Sea Level (bserving Network in Kenya (M. O dido)

M. Cdido outlined the proposal for a national sea- |evel network.
This will consist of five observing stations |ocated at Kilunga, Lanu, Mlindi,
Mombasa and Shinmoni. Two of these stations are al ready operational at Lanmu and
Monbasa, however, bench marks have not yet been established for the Lanu station.
It is possible that another station will soon be installed soon.

(b) The Projected Effect of Sea-Level Rise on the Biodiversity of the
Mal i ndi - WAt anu Bi osphere Reserve (Dr. J. Mwanje)

Dr. Mwanje exam ned the projected effect of sea-level rise on the
bi odi versity of the Malindi-Watamu Biosphere Reserve. The coastal tourism
infrastructure, Mda Creek mangroves, alluvial deposits of the Sabaki estuary,
herbs and plants (which nay be of nedicinal value) in the littoral zone and fauna
species may be gradual ly destroyed following a rise in sea level. As sea |evel
rises, the fluvial and littoral environment would be inundated, and there would
be a commensurate and sustained successional change in flora and fauna
conmunities in a dynamc framework, generating an ecological response
characterized with minimal |oss in biodiversity/genetic resources. This scenario
woul d only be possible if the change is gradual, thus permtting honeostatic
controls in the natural comunities. Eventually a sonewhat steady-state climax
system may be achi eved when sea-level rise reaches a certain threshold, hence

al | owi ng for a new apex of high species diversity.
(c) Coastal Sedinent Dynamics in a Changed Climate (Prof. MP. Tole)
Prof. Tole indicated that sea-level changes will influence and be

i nfluenced by the distribution of sedinents along the coast. A nunber of rivers
and streans di scharge water and sedinent into the Indian Ccean al ong the Kenyan
coast. These include the Tana and Sabaki rivers and to a | esser though extent,
the Rare, Ndzovuni, Nyore, Mwachi, Manbone, Cha Sinba, Ranmisi, Mwmena and Unba
rivers. The rates of sedinment input are likely to increase in a warnmed clinmate
due to increased precipitation.
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(d) Rapi d Method For Deternining the Susceptibility of Shore Lines to
Erosion due to Level Rise: A Case Study (M. K K Kairu)

M. Kairu pointed out the urgent need to forecast the response of
different shorelines types to changing sea level. A rapid nethod for predicting
the inpacts of sea-level rise on coastlines was presented which is based on the
geol ogy and geonorphol ogy, especially the elevation, degree of cenentation,
weat hering, texture and the |local coastal processes.

(e) Model ling the Effects of Sea-level R se on Mangroves (Dr. E. Vanden-
Ber ghe)

Dr. Vanden-Berghe presented a basic theoretical nodel to sinulate the
growth of mangroves and the effect of sea level-rise on their biomass. The
behavi or was nodelled as a function of growh rate, fecundity and survival rate.
Under constant sea level, the total biomass reaches a steady-state equilibrium
The level of equilibrium depends on survival and growth rated, not fecundity.
In response to rising sea |level, the biomass drops to approximately one third
of the former biomass, for a wide range of growth and survival rates. The reason
for the drop is that as old individuals in the |ower part of the transect die,
newy available areas are colonized by young, small individuals. The nodel
assunes that there is only one species and that |and area upshore will becone
avail abl e as sea | evel rises.

(f) Sone Prelimnary Cbservations on the Possible |npacts of Sea-Ievel
Ri se on Coastal Landforns and Structures along the Kenyan Coast
(Prof. F.F. g any)

Prof. G any outlined some possible inpacts of sea-level rise on
coastal landforns and structures along the Kenyan coast. Kenya's coastline is
about 580 km I ong which is devel oped with [uxury honmes, hotels, beach resorts,
| arge coastal settlements and ports. Mich of the coast is flanked by Pl ei stocene
coral rock and crag which constitutes a relatively resistant naterial to marine
erosi on. Thus, Kenya would not be as adversely affected as other |owlying
countri es.

Kenya experiences a seni-diurnal tide, with a nmaxi mumtidal range of
4 to 8 nmeters. Rising sea level could have a nunber of effects, including an
increased tidal range, accel erated coastal erosion and nore frequent floods and
storm events. An increased tidal range will intensify the strength of coastal
waves and adding to their erosive power. Man-nade structures below 3 to 7 nmeters
may be affected by flooding and cracked through strong vibrations generated by
waves pounding the cliffs. Popular options for nitigating sea-level rise include
beach nourishnent, construction of coastal defenses (sea walls) and the
abandonment of threatened areas. It is recommended that Kenya forma sea-| evel
Moni toring Agency consisting of the Survey of Kenya, Kenya Ports Authority,
uni versities and research institutes. This agency would work in close
col | aboration with other international bodies doing simlar work and avail itself
of the services of UNESCO WWVO, UNEP, HABI TAT, FAO and the Regional Centre for
Services in Surveying Mappi ng and Renote Sensi ng.

(9) The Effects of Sea-|evel Changes on Geonor phol ogi cal Processes al ong
the Coast (Dr. D.E. Kapul e)

Dr. Kapule discussed the effects of sea-level changes on the
geonor phol ogi cal processes along the coast. Biological, geological and clinmatic
factors all influence coastal |andforns and will be affected by sea- |evel
changes. In particular, intensified wave forces will increase weathering and
erosi on of coastal |andforns. Ceol ogical mapping, terrain analysis and
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aeri al photography are useful nethods in deternining how coastal |andforns are
affected by sea | evel changes.

(h) Implications of R sing Sea Level for Construction on Low Lying
I sl ands such as Lamu (C K. Kabubo)

M. Kabubo sunmarized erosional effects of sea-level rise on |ow-
| ying areas. Causes of shoreline erosion may be natural or nan-nade. Natural
causes include sea-level rise, changes in sedinment supply, storm waves,
defl ation, longshore sedinment transport, sorting beach material, and wave and
surge overwash. Man-induced causes of erosion include renoval of subsurface
resources (oil, water or mnerals), interruption of littoral transport, reduction
of sedinment supplied by rivers due to construction of dams, construction of
structures which interfere with wave energy, navigation inprovenments such as
wi deni ng and dredgi ng of harbours, and the destruction of natural vegetation
cover (eg. mangroves).

(i) Possi ble Effects of a 20-140cm Sea Water Rise on the East African
Coast (Dr. WM Kudoj a)

Dr. Kudoja informed the participants that an increase in sea | evel
of 20 to 140 cm will have far-reaching effects on marine organisnms, human
structures and settl enents.

(j) | npacts of Sea-Level Rise on Kenyan Coastal Reefs (J.C. Mitere)

M ss Miutere outlined the effects of sea-level changes on Kenyan
coastal coral reefs. The coral reef comunity structure will change, prinmarily
in the back reef region, where there will be increased wave energy and |ess
exposure during lowtide. Mre of the continental shelf area will be avail able
for colonization, resulting in an increase in the width of active back reef area.
The typical pocilloporid and portid assenblages will give way to new species
assenbl ages which will be either of m xed or nonospecific stands. These would
lead to increased habitat diversity. Sea-level rise would also increase and
stabilize the rate of sedinentation and encourage the devel opnment of a soft
substrate associ ated with burrow ng.

(k) I nplications of Sea-level Rise on Rocky diffs and Mangrove
Macroal gae in Kenya (H A Oyieke)

Ms Oyi eke made a presentation on the effects of sea-level rise on
rocky cliffs and nmangrove nacroal gae in Kenya. In the event of a sea-level rise,
the ecol ogi cal niches of the various species will shift vertically upwards al ong
the cliff or mangrove trunk. For this vertical shift to occur, a continued
substrate nust be avail abl e.

(1) Ef fect of Sea-level Changes on Aquaculture Devel opment in Kenya
(J.R Radull)

M. Radull summarized the effects of sea-level changes on mariculture
devel opnent in Kenya. Prawns, brine shrinp (Artenia) and oysters are the main
farnmed species on the Kenya coast with prawns and artenmi a rai sed at Ras Ngoneni ,
and oyster at Gazi. The farming is done in a sem-intensive fashion, using
ponds, cages and hanging rafts. Sea-level changes coul d adversely affect the
collection of seed fromthe wild, threatening prawn and oyster culture. The
exi sting 52,900 ha of mangroves in Kenya will be affected and this may increase
the potential for mariculture area off Ungwana Bay. Sea water intrusion into
rivers may result in the contam nation of freshwater aquifers, adversely
affecting aquacul ture, as freshwater is essential in hatchery operations.
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(m Ef fects of Sea-Level Fluctuations on G oundwater Quality along the
Kenyan Coast (M. H Mituri)

M. Mituri presented a paper on the effects of sea-level fluctuations
on groundwater quality along the Kenyan coast. He noted that the main factors
that control water quality along the Kenyan coast are the perneability of the
rock types and the effective recharge, which facilitates efficient flushing of

salts associated with the depositional environnent. However, satisfactory
studi es have not been carried out to ascertain the influence of sea water
intrusion into the aquifers. |Investigations should be done to establish

groundwat er potential of |agoonal sands and sand dunes, and also to deternine
t he punping rate necessary to prevent salt water intrusion into aquifers.

(n) The Cost Inplications of R sing-Sea Level: Marine Structures
(M. O cuya)

M. Quya discussed the projects |aunched by the Kenya Government to
preserve |l and from destruction by the sea. This includes shoreline protection
infrastructure, such as jetties and sea walls. Mst protective structures al ong
t he coast have been damaged by ni suse by individuals, corrosion, nmarine boring
ani mal s, wave action and | ack of mai ntenance. Damage to marine structures wll
i ncrease when sea level rise as a result of increased |oading, strong currents,
waves and wi nd. The increased tenperature of the sea water will also accelerate
the rate of corrosion of the structures, consequently increasing maintenance
costs.

(0) Er odi ng Kenyan Coastline: the Need for Geological Input into shore
I i ne Managenment Decisions and Strategy (Dr. E. O (dada)

Dr. Odada stressed the need for geological input into shoreline
managenent deci sions and strategies. W despread erosion is attributed to
devel opnment pressures, sea-level rise, mning of sand, dam construction on rivers
and destruction of mangroves. Unplanned protective structures are aggravating
the erosion rather than alleviating it. The public nust be made aware of the
causes of erosion. Proper beach managenent and pl anni ng are necessary. Buffer
zones shoul d be created between the shoreline and stabl e upland areas.

MAURI Tl US
(a) Changes in Sea Level in the Region of Mauritius (M. S. Ragoonaden)

M. Ragoonaden presented the data on sea-level observations in
Mauritius. Information available indicates that the earliest levelling survey
was conducted in 1881, however no details on the benchmark references have been
found. Benchnarks dating back to 1915 have been identified at the Port Louis
harbour. OQther information indicates that a tide staff was installed in 1929.
However the earliest sea-level data available at PSMSL date from the 1942-1947
and 1953-1963 periods. Levelling based on this data was carried out in 1964 and
the National Primary Levelling network is nowtied to the 1964 nmean sea | evel.
No other tide data is known to exist between 1964 to 1986. 1In 1986 a tide gauge
was installed at Port Louis with the assistance of the University of Hawaii .
According to the data available from these gauges, nonthly sea |evel varies
significantly with a nmaxi mumelevation in February/March and a m ni nrum el evati on
i n August/Septenber corresponding to the nmaxinmum and mninmm sea surface
tenperatures observed in the region. Conparing the 1964 data with the 1987-1989
data, a relative change of 30 cm
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in the nean sea |l evel is observed.
(b) Potential Inpact of Sea Level Rise in Mauritius (I. Fagoonee)

Dr. Fagoonee outlined the potential inpact of sea-level rise in
Mauritius. Erosion will be nore acute where it was benign. Coastal roads are
at risk and nmany jetties, ship ways, breakwaters and groynes, which were not
properly designed, are showi ng signs of collapse. Wave inpacts on sand dunes and
bernms will cause erosion and |oss of coastal vegetation and sand materials.
Lagoonal sedinents will becone nobile and nay shift positions. Bays wll change
shapes, sone becoming |less inmportant, and new ones wll be formed el sewhere.
Estuaries will be flooded, causing erosion at river nmouths, and the upstream
mgration of brackish and marine flora and fauna. Coastal narshes wll be
fl ooded, beconming saltier. The biotope will change, possibly causing serious
nodi ficati on of the feeding and resting habit of sone avian fauna. Dunp sites
situated near wetlands will be encroached upon, causing toxic |eachates to flow
nore readily into | agoonal systens. Mangroves will nove inland where possible.
Existing fish reserves may increase, however the fate of corals is debatable.
In the short-term a rapid rise in sea |level may be beneficial to corals, rather
than del eterious. In the long-termcoral reefs may be slowy subrerges and unabl e
to grow fast enough to keep pace with predicted rates of sea-level rise.

MADAGASCAR

(a) Activities of the Institut Géographi que et Hydrographi que (FTM in
Sea-level Activities (M. R N Raharijaona)

M. Raharijaona outlined the activities of the Institut Géographi que
et Hydrographique (FTM in sea-level activities. Two sea-level stations have been
installed at Nosy Be and Fort Dauphin in collaboration with the Centre National
de Recherches Ccéanographi ques (CNRO). There is a need to study the effect of
the sea-level rise on coral reefs, littoral erosion, and coastal fisheries.

(b) The Sea-Level Rise, Coastal Erosion and Managenent in Madagascar
(M. L. Ranaivoson)

M. Ranai voson presented a paper on coastal erosion and coastal zone
managenent in Mdagascar. Not nuch work has been done in this regard.
Significant erosion has been noted in the towns of Toanasi na and Morondava. The
wi de beaches which previously fronted Mrondava have already di sappeared. A
boul evard, houses and a |ighthouse have al so been affected. Frequent cycl ones
have accel erated the erosion process. In spite of this, many structures are
still being constructed close to the beach, disregarding the evidence of the
instability of the beaches.

MOZAMBI QUE
A Proposal for a Sea-Level Network in Mzanbi que (M. A E L. Couto)
M. Couto presented a proposal for a sea-level nonitoring network in
Mozanbi que, consisting of 5 sea |level stations at Penba, |nhanbare, Nacal a,

Beira, Quelimane and Maputo. One gauge is already operating at Maputo. Not nuch
wor k has been done in studying the inpact of sea-level changes.
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SEYCHELLES

The Sensitivity of Seychell es Coastal Areas to Possible Significant
Sea- Level Changes (M. Luc Chang- Ko)

M. Chang- ko described the sensitivity of Seychelles coastal areas
to significant sea-level changes. Seychelles has three main islands: Mhe,
Praslin and La Digue, which are characterized by concentration of human
settl ement and roads al ong the coast. Flash floods, caused by isol ated severe
t hunder storns, have always occurred at lowtide. Due to a shortage of land, |and
recl amati on has been done in Mahe using dredged naterials. The airport and Port
Victoria are built on a reclainmed area, which is barely three nmeters above nean
sea level. Ganite has been used to formartificial barriers on reclainmed |and.
The governnment maintains a strict control on the renmoval of sand from beaches
for construction purpose; and requires that silt screen be used to contain
sediments and prevent themfromflowing into the reef during dredgi ng operations.
No residential houses are allowed on reclainmed | and.

TANZANI A
(a) Seasonal Variation of Mean Sea Level at Zanzibar (M. J. Francis)

M. Francis presented the seasonal variation of nmean sea |evel at
Zanzi bar. Based on seven years worth of data collected fromthe tide gauge at
t he Zanzi bar harbour, nmonthly nean sea |levels were conputed. Low values were
observed during the northerly nonsoons and high values during the southerly
nonsoons. Contributing factors to sea-level variations include atnospheric
pressure, wnd, and coastal currents. The effect of atnospheric pressure and w nd
is insignificant. Coastal currents appeared to be the nmai n controlling
factor on the seasonal variation of mean sea level. Based on seven years worth
of data, mean sea |evel has been rising by average at an average rate of 0.4
cm year.

(b) Rat es and Causes of Coastal Erosion on Zanzibar Island (M. A NN
Muzuka)

M. Mizuka presented a paper on the rates and causes of coasta
erosion on Zanzi bar Island. Estinmates of coastal erosion at Zanzi bar were nade
through field nmeasurenments, analysis of aerial photographs and interviews with
comunities in the eroding areas. Aerial photographs indicate high annua
erosion rates of up to 40 m between 1947 and 1977. Recent field measurenents
at Maruhubi, north of Zanzibar township, indicate annual erosion rates of 3m
These high rates of coastal erosion were caused by high wave activity during some
periods of the nmonsoons, anplified by a high tidal waves. The unconsolidated
nature of the rock formations on the western coast were found to be the cause
of the conparatively intensive erosion in this area, as conmpared to that on the
east coast.

(c) Ef fects on Sea-Level Changes on Coastal Settlements: Exanples from
Tanzania (Dr. J. AR Wenba- Rashi d)

Dr. Wenba-Rashid said that conparatively |arge-scale settlenents of
the East African coast began approxi mately 2000 years ago. During this period,
the original inhabitants, the proto-Bantu, came into contact with the ancestors
of the current Bantu speakers. By about 800 AD, traders from parts of present
day M ddl e East, the Indian subcontinent and South East Asia also visited and
settled along the coast. Available records point to the presence of settlenents
on the East African coast, sone of which have since disappeared. A few of these
settl enents have been identified and excavated by
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ar chaeol ogi sts. Sea-level changes may be one of the principal causes for the
di sappearance of settlements al ong the coast of mainland Tanzani a. Such changes
woul d have adversely affected security, economic viability and continued contact
wi th external people, anong other things.
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ANNEX |V

REG ONAL SEA LEVEL PROGRAMVE

Sea- |l evel data has nmany practical applications. These include the
i mredi at e operational requirenments of ship navigation, harbour design and coast al
zone nmanagenent, as well as long-termprediction of global sea-level changes due
to clinmate variations.

Sea |l evel has risen by 20-40cm over the last 100 years. Projections
have been made for an increase in the earth's nean tenperature of 1.5-4.5°C
before the end of the 21st century.

According to the report of the Wrking Goup 1 of IPCC, if em ssions
of greenhouse gases continue at the current rate, the global nean sea |evel could
rise at a rate of about 6 cns per decade over the next century (with an
uncertainty range of 3-10 cm per decade). The predicted rate is about 8-20 cm
in global nmean sea level by 2030 and 31-110 cm by the end of the next century
(1PCC). However there will be significant regional variations. The 13th session
of the 10OC Assenbly approved a proposal for the devel opnent of a d obal Sea-Level
bserving System (ALCSS). This will conmprise a gl obal network of about 400 tide
gauges for nonitoring sea-level changes. At its second session in Arusha,
Tanzania in 1987, the Regional Committee for | OCI NCWO adopted a proposal for
t he devel opnent of a regional sea-level network as a conmponent of GLOSS and al so
to address sea |level related regional concerns.

Over 15 sea-level stations have been installed in the region to date.
The University of Hawaii, through 10C s Tropical COcean And d obal Atnosphere
(TOZA) experinent have assisted in the installation of a nunmber of gauges since
1986. However, not all these gauges are in operation for various reasons.
Benchmar ks at some of the sea-level stations in the region are not I|evelled
regularly, while at other stations there are no benchmarks.

In devel oping a regional sea-level progranme we therefore need to
address the foll ow ng:

(a) Repai r of and Mai ntenance of Tide Gauges

The reasons why sone of the installed gauges are not operational
shoul d be investigated and appropriate actions taken to have them worki ng agai n.
For this, qualified personnel are needed. Spare parts and consumabl es are not
easily available in the region. A technician should be based in the region to
ensure that the gauges are working. This technician will also be responsible for
training technicians in each of the countries.

(b) Benchnmar ks and Levelling Information
Benchmar ks shoul d be established for all tide gauges in the region

These benchmarks nust be levelled regularly so that accurate information is
available to assist in the analysis and interpretation of data.
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(c) Installati on of New Ti de Gauges

Several locations, not identified in the GLOSS | npl enentation Plan
are of regional interest and were proposed for inclusion in a regional sea-level
observing progranme (Table 1). A feasibility study should be undertaken to
identify suitable sites for the gauges at these places. There shoul d be agencies
inall the countries conmitted to operating each of the tide gauges and providi ng
i nformation for international exchange

(d) Upgr adi ng of the Network

Gradual ly, the regional network should be upgraded and autonated
gauges shoul d be introduced with the ultimte goal of providing real tine data
and products.

The agenci es responsi bl e for operating the tide gauges shoul d be encouraged and
assisted in the collection of additional information on currents, storm surges,
salinity, sea surface tenperature, atnospheric pressure and wind data at the tide
gauge | ocati ons.

(e) Dat a Managenent

Scientists in the region shoul d have access to readily avail abl e sea-
| evel data, collected within the regional sea-level progranme. To facilitate
this, sponsorship shoul d be sought, to provide agenci es responsible for the tide
gauges with equipnent for digitizing anal ogue charts and with conmputers for
anal yzi ng t he data.

A regional data centre, for collecting, analyzing and archiving the
i nfformati on shoul d be established at KMFRI. This centre will also be in charge
of quality control. RECOSCIX-WO, with its experience in scientific information
exchange, should be requested to assist and col |l aborate in the establishment of
the centre. 10C should be requested to consider including sea-l1evel data anal ysis
software in the OCEAN-PC project. Institutions already having conputers and sea-
| evel data are encouraged to nake use of software available on request fromthe
TOGA Sea Level Centre for processing their data.

(f) Research Activities

To ensure availability of high quality data, sea-level-related
research activities should be initiated. These include the devel opnent of case
studies on the inpacts of sea-level changes on coasts and the projection of
actual sea-level rise

(9) Tr ai ni ng

Techni ci ans shoul d be trained for servicing and maintaining the tide
gauges. This training should consist of attachments and wor kshops. Longer-term
courses |leading to the awardi ng of diplomas or degrees will be useful in enabling
the technicians to nmaintain other oceanographic instrunents wthin their
institutions.

Dat a managenent is another area where training is needed. This can
be in the formof attachnents,training workshops and long-termtraining | eading
to BSc, Msc and PhD degrees.

| OC shoul d consi der sponsoring students fromthe region to conduct
studies on data fromthe region available at the PSMSL and TOGA Sea-Level Centre
as a project for a higher degree.
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I nterface workshops should be held for scientists and technicians on
sea-| evel data managenent.

(h) Publicity

The devel opnent and mai ntenance of a good network will depend on
support from policy nakers and the general public. These individuals should be
nmade aware of sea-level concerns through conferences, sem nars and workshops at
whi ch sea-level-related information is dissemnated. In addition, brochures,
stickers and bulletins with simlar information should be produced. Education
on sea-| evel changes should be built into the school and college curriculum so
that the youth are made aware of the problens.

(i) Fundi ng

Countries in the region should make a concerted effort to devel op
their national sea-level observing network, and in particular, to ensure that
the regional sea-level stations within their jurisdiction are installed and
operational. Considering the limtation of expertise and resources to do this,
the international community should be requested to assist through bilateral and
multilateral arrangements. In particular, |10OC and SAREC shoul d be approached in
this regard.

Scientists in the region should be assisted in attendi ng sea-Ievel
training programmes currently offered by several countries, some of which are
sponsored by IOC



| OC Workshop Report No. 77

Annex |1V - page 4

TABLE 1: PROPCSED REQ ONAL SEA LEVEL OBSERVI NG NETWORK
STATI ON COUNTRY PCSI TI ON
Dj i bout i DJ1 BOUTI 11- 36N 043- 09E I G (#2)
Haf un SOVALI A 10- 27N 051- 15E G (#6)
Mbgadi shu SOVALI A 02- 01N 045- 20E I G (#7)
Ki smayu SOMALI A 00- 25S 042-31E I
Ki unga KENYA P
Lanmu KENYA 02-17S 040-54E o]
Mal i ndi KENYA P
Mbnmbasa KENYA 04- 03S 039- 40E 0] G (#8)
Shi noni KENYA P
Tanga TANZANI A P
Dar - es- Sal aam TANZANI A 06-51S 039- 18E I
Zanzi bar TANZANI A 06- 09S 039-11E 0] G (#297)
M war a TANZANI A 10- 18S 040-07E P G (#9)
Port Victoria SEYCHELLES 04- 40S 053- 28E * G (#273)
Praslin SEYCHELLES 04- 18S 055- 45E O
Al dabi a SEYCHELLES 09-30 046-20 G (#14)
Far quar SEYCHELLES P
Penmba MOZAMBI QUE 12- 58S 040- 29E P G (#11)
| nhanbane MOZAMBI QUE 23-55S 035- 30E P G (#10)
Nacal a MOZAMBI QUE P
Beira MOZAMBI QUE P
Quel i mane MOZAMBI QUE P
Maput o MOZAMBI QUE @]
Dzaoudzi MAYOTTE 12-47S 045- 10E * G (#96)
(France)

Mor oni COMORO P
Nosy Be MADAGASCAR 13- 24S 048-17E O G (#15)
Tul ear MADAGASCAR P
Maj unga MADAGASCAR P
Fort Dauphin MADAGASCAR 25-01S 047-00E I G (#271)
Port Louis MAURI TI US 20- 09S 057- 28E O G (#18)
Agal ega MAURI TI US 10- 26S 056- 45E P G (#16)
Rodri gues MAURI TI US 19-41S 063- 25E O G (#19)
Poi nte des Gal ets REUNI ON( FRANCE)  20-55S 055- 18E I G (#17)

O oper ati onal

l: installed but not operational

P: not yet installed

G GLCSS station
In addition, Tanzania will identify two other sites close to the nouths of Ruvu
and Rufiji rivers which are of national interest.

(end of docunent)



