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1. EXECUTIVE SUMMARY

by R.S. Arthurton and H.H. Kremer

The LOICZ-Basins project

The Land Ocean Interactions in the Coastal Zone (LOICZ) core project of the International Geosphere
Biosphere Project, IGBP, is evaluating the physical, biogeochemical and human interactions influencing
coastal change. The coastal zone is an integral part of the water cascade between catchments and oceans
that is subject to external and internal forcing from both anthropogenic and natural pressures. LOICZ has
four foci, under which there are three categories of projects. The LOICZ-Basins project is working to
assess at local to global levels the impacts on the coastal environment of changes caused by such pressures
and drivers within river catchments. Drivers such as damming, deforestation, agriculture and urbanisation
influence the flows of water, nutrients, sediments and pollutants to the coastal sea. Studies addressing these
issues have produced large amounts of data, but generally these data have not been subject to integrated
assessment and synthesis. Only recently have the interactions of human historical evolution and
biogeochemical environments been considered.

In LOICZ-Basins a tiver catchment (or island) and its associated coastal area are treated as one system
(Figure 1.1). The focus is on the horizontal fluxes of substances within this system. This approach,
integrating the natural and social sciences, addresses issues such as critical concentrations and loads,
biological resilience and carrying capacity. To generate a global picture, a set of standardised (and thus
comparable) regional assessment workshops has been implemented, using an adaption of the Driver-
Pressure-State-Impact-Response (DPSIR) framewortk, developed by the OECD (see Appendix 1). The
assessment aims to up-scale information from individual river catchment-to-coastal sea systems to sub-
regional, then regional, levels. Characteristic types of coastal issue and change are identified and prioritised,
and linked to their perceived major drivers.

%

]

Socio-Economic
Drivers
Environmental
Pressures
y

Biophysical properties
Catcl t Basin - Coast

Atmosphere

Stakeholder
Gains/Losses

N

2
s
3
&
-
=
£
o
=
<
o
@
-
&
2
=
=
=
=
2
3
=

Figure 1.1 The catchment (island)-coastal zone system and the DPSIR framework.

LOICZ-Basins contributes directly to UNEP’s Integrated Coastal Area and River Basin Management
initiative (ICARM) as well as UNESCO/IOC Integrated Coastal Area Management (ICAM) and Coastal
GOOS (Global Ocean Observing System) programmes. Links with other global projects including the
Global International Waters Assessment (GIWA), with which LOICZ-Basins has some common interests,
have been established.



The African Basins (AfriBasins) wotkshops

Two wortkshops were held in Africa to address LOICZ-Basin issues. The introductory workshop
(AfriBasins I) was held at the UNEP headquarters at Gigiri, Nairobi, Kenya and hosted by the Regional
Office for Africa (ROA) in July 2000. The second wotkshop (AfriBasins II, also in Nairobi, Oct/Nov
2001, and hosted by ROA) refined the preliminary assessments and focused on human dimensions. A
principal objective was to highlight at local to regional scales the linkages between human activity drivers in
the catchments and environmental and socio-economic issues and impacts in the coastal areas. Using this
information, a second objective was to establishi a sound basis upon which to develop proposals for
interdisciplinary case studies on the human dimensions of land-driven coastal change within the African
region, with a focus on the implications for coastal monitoring and management. For this purpose “hot
spots” important for future research evaluation and a project design applicable to various spatial and
temporal scales was to be identified. The workshop considered a draft “AfriCat” proposal, developed from
the on-going “FuroCat” project, as an umbrella for the case studies. The proposal would have an emphasis
on addressing the regional African needs, in the context of the ptiority areas for action as identified by the
African Ministerial Conference on the Environment (AMCEN) in preparation for the Wotld Summit on
Sustainable Development in Johannesburg, September 2002.

Ovetview of the African catchment—coastal zone system

Building upon the output from AfriBasins I, eight sub-regions were identified for assessment within the
Africa region, on the basis of geomorphological and climatic characteristics (Figure 1.2). The vatious sub-
regions differ widely not only in the biophysical nature of their catchments but also in the availability and
quality of existing data relating to their material fluxes. The named catchments assessed (Figures 1.3 and
2.1) were chosen as tepresentative of their respective sub-regions.

1. Notth West Africa — relatively arid, medium basins (Sebou, Moulouya) with seasonal runoff and (in
Morocco) major human pressure through diversion and damming causing coastal change issues; includes
coastal stretches of Algeria and Tunisia but no information on systems there was gathered during the
AfriBasins process.

2. West Africa — featuring a variety of large, transboundary (Niger, Volta, Senegal) basins subject to major
damming resulting in reduced sediment and water fluxes and reduced coastal stability as a growing threat to
the lagoon-based cities; also the medium basin of the Cross River. Damming, deforestation and agriculture
are considered to be the principal drivers of state changes at the coast through modifications of the
hydrological regime, water quality and sediment discharge in the large catchments.

3. Congo — a sub-region with extensive, though diminishing, rainforest. Awvailable information about its
land-based drivers and how they relate to coastal issues is scarce. The large transboundary Congo basin has
little variation in discharge through the year.

4. South West Africa (Cape to southern Angola) — mostly dominated by the upwelling system of the
Benguela current; cool and temperate small (Berg) and medium (Olifants) catchments in the south, arid
large catchment (Gariep, formerly Orange) in the north with limited river runoff. Damming and agriculture
are the principal drivers considered responsible for minor-to-medium but progressive state changes and
impacts at the coast, causing modifications to runoff, water quality and coastal geomorphology.
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Figure 1.2. Sub-regions for the assessment of river catchment-coastal sea interaction classes
determined in the LOICZ AfriBasins workshops.

5. Nile — a single-catchment sub-region incorporating the wider coastal stretches influenced by the Nile
catchment with land-based drivers including the Aswan dam, urbanisation and agriculture. The damming
of this transboundary river system has led to profound changes in fluxes through the Nile delta and in the
associated coastal sea (the Mediterranean). This is exacerbated by a rapid growth of urbanisation and
industrialisation around Cairo and changes in agricultural practice in the Nile River valley and its delta
region.

6. East Africa (Somalia to northern Mozambique) — featuring medium (Tana, Sabaki, Rufiji) and small
catchments with monsoonal (seasonal) flushing and subject to damming; also extensive coral reefs. Coastal
erosion and sedimentation, pollution and loss of biological functioning are the principal impacts.
Damming, deforestation and agriculture are the principal drivers and these are expected to become
increasingly significant in respect of their impacts.

7. Central/south Mozambique — medium (Incomatl) and latge, transboundary (Zambezi, Limpopo)
catchments with high seasonality in runoff and subject to extreme cyclonic events; an estuarine/deltaic
coast characterised by beach plains and mangrove-fringed creeks. The principal issues are reduction in
stream flow, coastal erosion, salinisation and nuttient depletion, all attributed to damming.

8. South East Africa — ranging from subtropical in the north to warm temperate on the Cape coast and
characterized by medium (Thukela, Great Fish) and small (Groot Brak, Kromme) catchments that are
subject to various anthropogenic pressutes, particulatly water abstraction. Damming is an important driver,
with freshwater retention in semi-arid conditions, and there are plans in place for further intensive
damming.
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For the Africa region a prelimimnary ranking order was drawn up together with expected future trends in

impacts (Table 1.1).

Table 1.1 Major activities (drivers) and present status and trends affecting the coastal zone in Africa.

)

s

Damming Erosion Increasing Almost all sub-regions, with 2 and 5 as
L Sedimentation particular “hot spots”
Diversion
Salinisation Local unknown 1,7
Nutrient depletion 7,8
Various drivers | Biodiversity loss Major Almost all sub-regions
Deforestation | Erosion Medium ranking for most sub-regions,
Sedimentation but major for coastal impact generated in
B small and medium catchments in 1 and 6
Agriculture
Utbanisation Eutrophication . : Medium overall but major in 5
; Medium | Increasing
Pollution
Industrialisation | Pollution As above, but in most cases motre coastal
than catchment-based — 4, 5, 6




Coastal erosion and sedimentation were identified as significant and progressive impacts in neatly all of the
sub-regions, the problems being acute in the Nile delta and West African lagoon systems. Damming was
viewed as the principal driver, with reductions in stream flow and sediment flushing. Damming also
contributed to estuarine salinisation, e.g., the Incomati River in Mozambique, and nutrient depletion in the
coastal sea, e.g., off KwaZulu Natal. In most sub-regions deforestation and agriculture were regarded as
important drivers, particulatly in respect of coastal sedimentation from medium and small catchments, e.g.,
the Tana and Sabaki rivers in Kenya. Human settlement was identified as a major contributor to
eutrophication and the proliferation of aquatic weeds in the large West African catchments. Elsewhere,
while eutrophication and pollution were recognised, they were mostly restricted to local (coastal) urban-
industrial sources, e.g., Alexandria, Mombasa, Saldanha Bay and Cape Town. Loss of biodiversity or
biological functioning was seen as another common issue, telated to a complex interplay of human and
natural drivers.

In general these data are characteristic of developing economy situations where economic growth and water
use exceed the development of the necessary urban and industrial infrastructure. This finding parallels
those made in the South American (SAmBas), and East Asian Basins assessment and synthesis processes
(Lacerda ef a/. 2001; Hong 7 4l. in prep.). However, heterogeneity of the sub-regions seems to be more
pronounced in Africa than in the other world regions, making the ranking of issues and drivers in Africa a
more complex challenge.

The AfriBasins assessment process

In the preparation and execution of AfriBasins II, the standardised LOICZ-Basins assessment tables

(Appendix 1) were used to guide the following sequence of assessment steps:

e Assessing and ranking coastal issues/impacts (together with their critical thresholds) due to human
activities within catchments based on documented coastal changes.

e Assessing and ranking major catchment-based drivers and their consequent environmental pressures
impacting the coast.

e Assessing and ranking the various dtivet/pressute settings generating the coastal issues/impacts and
identifying the trends of state changes in the coastal environment; up-scaling to sub-regional then
regional levels.

e Assessing and synthesising scientific, policy and/otr management responses.

e  Assessing and synthesising gaps in understanding, “hot spots” and research needs.

The issues were assessed for the rivers shown in Figures 1.3 and 2.1. A summary of the major concerns
arising from the assessment is presented in Table 1.2.

A scarcity of relevant standardised data is a recurrent problem in most of the sub-regions assessed. This
shortcoming applies both to scientific data and, particulatly, to socio-economic information, whether
concerning activities in the catchments or impacts at the coast. Time-series data generated from routine
monitoring programmes 1is particularly sparse. The workshops highlichted a considerable dearth of
knowledge about the critical loads and thresholds of material fluxes passing from the catchments to (or
through) the coastal area to the coastal sea that, if exceeded, would significantly change the coastal
environment. There was a need for common parameters to be established in respect of the indicators of
change that were relevant to the region.

Supposed “multi-driver” impacts posed a major research challenge, particularly in the medium and large,
transboundary catchments. The specific contributions (positive or negative) arising from, for example,
agricultural practices, deforestation and damming to the fluxes of water and sediment that reach the coast
need especially careful analysis, bearing in mind the socio-economic implications of regulation in these
areas. In the AfriBasins process the rates of changes in the coastal environmental state resulting from
catchment-generated pressures were assessed only in general terms — ‘direct’ or ‘progressive’. In some cases
there was uncertainty in the assessment. In order to prioritise appropriate responses in the catchments at
management and policy levels, there is a need for more specific information on the rates of change as well
as the time-lags between the incidence of anthropogenic pressures and the corresponding changes in the
state of the coastal envitonment.



In addition to the material fluxes generated or influenced by human activities in the catchments, the coastal
sea of the region also receives significant nutrient and pollutant discharge from the urban-industrial nodes
at the coast itself. Research is needed to assess and quantify the impacts of such coast-generated pollution
and eutrophication for comparison with the impacts ascribed to catchment drivers. The contributions that
natural drivers make (or have made) to changes in the state of the coastal environment over a range of
time-scales is another area for consideration by regionally integrated research. Understanding natural
processes and their variability over time (e.g., short- and long-term climate change), as they affect both the
catchments and the coast, is an important prerequisite for an assessment of the contribution that human
activities may make to coastal change. The coastal impacts of human activities in catchments need to be set
in the context of natural driving forces in the African context.

While the working groups accepted the various difficulties implicit in the AfriBasins assessment process,
the input to the assessment tables and the conclusions drawn from them represent their expert judgement,
making the best of the data available.

The AfriCat proposal

From the results of the DPSIR assessment, the workshop identified a number of river catchments within
the region that were appropziate for detailed case study, examining various aspects of the catchment driver -
coastal impact linkage. Such initiatives would become the input to the planned AfriCat proposal envisaged
as providing a conceptual umbrella for the individual proposals to be developed by the LOICZ AfriBasins
scientist network. AfriCat’s broad principles would be similar to those of the established EuroCat
programme (http://www.iia-car.unical.it/ EUROCAT/project.htm).

The selection of demonstration sites provides coverage of the key issues identified by the AfriBasins
wotkshops and also a representation of the various sub-regional river-coast classes. Many of the chosen
catchments are large — greater than 200,000 km?— and extend over several countries, thus involving a range
of transboundary issues. In each case study there would be an integrated, systematic approach to the
understanding of the water cascade, taking the catchment and coast as a single system. There would be
emphasis on robust science and relevant data-building and communication. It was recognised that the
studies must add value to existing work, and have a strong socio-economic input, showing how the needs
of a clearly identified user community were being addressed. As well as serving local and regional needs,
the integrated studies of AfriCat will also feed the global aims of Earth System Science, through provision
of reliable bases for up-scaling in a region where, compared with Europe for example, recent and reliable
data ate scarce.

Within the AfriBasins network, the key contact persons identified for each of the case study sites agreed to
assist in further developing specific research proposals and to investigate the options for potential funding
on national and international levels. The workshop reiterated that, regardless whether national or
international financial support was targeted, the initiative and detailed networking needs at site level would
need to come from the regional scientific community. LOICZ could provide a framework and assist in
sustaining the necessary links.

The wotkshop affirmed the need for effective sub-regional coordination and a scientific coordinator for
each study site, working under the general guidance of a Policy Advisory Board. The overall coordination
of the further drafting process was dedicated to the Centre of African Wetlands, Ghana and the Pan
African START Secretariat. UNEP-ROA confirmed its suppott in generating the national, governmental
approval for the initiative through the AMCEN process. AMCEN was identified as an appropriate
platform to facilitate the governmental approval for the various site study plans in a broader context of the
Abidjan Declaration.

Demonstration sites (see Table 1.2)

For the eastern side of the region, the inclusion of the Nile was confirmed; also the Tana and Sabaki rivers
as a linked site, the Rufiji, the Zambezi and the Incomati. For the Incomati site, the study could be built on
earlier assessment and planning efforts conducted at the University Eduardo Mondlane in Maputo and a
draft trilateral project plan between Mozambique, South Africa and Swaziland, all of which were developed
with support of the Coastal Management Centre of RIKZ in the Netherlands. A project on the integrated
evaluation of riverine fluxes to the Maputo Bay region, “Catchment2Coast” recently funded by the



European Commission, could be associated with the AfriCat project. This could be a key exercise in a
continued second phase of the global LOICZ programme. For the western coast six sites were confirmed
as providing suitable case study opportunities for AfriCat — the large catchments of the Congo, Niger, Volta
and Senegal, the medium Cross, and two medium catchments in Morocco.

Table 1.2 Suggested demonstration sites* for key case studies of catchment—coastal sea systems in
Africa.

| eS|

Semi-arid climate, small to Damming Good coverage of flux M. Snoussi
’ts | medium catchments, high Aoricultur data within catchments,
seasonal runoff variability, gric ¢ few comprehensive
coastal erosion/sedimentation, studies on coastal
salinisation linkage. Socio-economic
profiles and analysis to
be integrated
2. West Africa | Senegal, Transboundary catchments Damming Fair coverage of I. Diop,
Volta, under strong human influence, | Deforestation | biogeochemical data, A. Kane,
Nigert, coastal erosion, changes in socio-economic G. S. Umoh,
Cross nuttient supply and habitats information expected to | O. Martins,
due to changes of material be limited; baseline C. Gotdon
transpozts project development

(Volta - PDF-B status).

3. Congo Congo Nuttient input Uncontrolled | Apparently very limited [ tha
urban growth | data

Nile Transboundary river under Damming, Good data coverage H. Awad
catchment | extreme anthropogenic intensive

Add integrative value to

and delta, |influence, flux changes to the | agriculture, . .
existing projects

Alexandria | floodplains and delta — high high popul-
city coast | waste load ation density

6. East Aftica | Tana/ Monsoon: al runoff with Damming, Holistic study, flux data | J. Kitheka,

Sabaki sediment load changes agticulture generation J. Ochiewo
Rufiji Monsoonal discharge through | Agticulture, Flux data generally very | A. Ngusaru
mangrove to Mafia marine high popul- limited
patk with coral reefs ation density
7. Zambezi | Large transboundary Damming No comprehensive study | T. Forbes,
Central/south catchment with the largest available; investigations | L. Mhlanga
Mozambique resetvoir in Africa, discharge would partly have to
to delta/beach plain coast generate data
Incoma ti Reasonable data A. Hoguane,
. . it F. T
Transboundary catchment with | Damming coverage, catuer auacale
. . S assessment and project
major erosion and salinisation . .
Agriculture development carried out

impacts, medium

Maputo eutrophication and biodiversity | Urbanisation | Integrated modelling P. Monteiro
Bay (incl. |loss project
Incoma ti “Catchment2Coast” with
River etc) potential for association
with “AfriCat”

* This list of suggested sites is not exclusive and is subject to amendment.



2. REGIONAL ASSESSMENT AND SYNTHESIS OF AFRIBASINS
by R.S. Arthurton, H.H. Kremer, Wim Salomons and O. Martins
2.1 Introduction

The Land Ocean Interactions in the Coastal Zone (LOICZ) core project of the International
Geosphere Biosphere Project (IGBP) is evaluating the physical, biogeochemical and human interactions
that influence changes in the state of the coastal environment. The LOICZ key questions that aim to
address these issues are:

e How are humans altering the mass balances of water, sediment, nutrient and contaminant fluxes, and
what are the consequences?

e How do changes in land use, climate and sea-level alter fluxes and the retention of water and particulate
matter in coastal zones, and affect morphodynamics?

e How can we apply knowledge of the processes and impacts of physical, biogeochemical and socio-
economic changes to improve integrated coastal management?

Coastal zones worldwide are subject to many pressutes, both natural and anthropogenic, which change over
time. Management practices in Europe and North America over recent decades have significantly
decreased the impacts there of “classical” contaminants such as heavy metals, nutrients and PCBs, but
nutrient inputs show only minor reductions. In emerging economies, these latter substances have a high
priority. In addition, new classes of industrial and agricultural chemicals have entered the priority lists of
international organisations and should become the subjects of coastal impact and monitoring studies.
Increasingly coastal areas are subject to a “competition for space” — urban and industrial development
pressutes, tourism and increased traffic all demand physical space, constraining the size and functioning of
coastal ecosystems and creating major challenges for managers and regulators. Past and planned physical
changes in river catchments, particulatly by damming and diversion, influence the natural flow of water,
nutrients, sediments and pollutants to the coast. Numerous studies have addressed these issues and
produced large amounts of data, but these data have seldom been subjected to integrated assessment and
synthesis. Only recently have the interactions of the physical and biogeochemical environments and human
historical evolution been considered. As a step in this process, information and response strategies relating
to coastal states, including many in Africa (UNEP 1999; UNEP ef 4/ 1997, 1998), have been reviewed
under the “Global Programme of Action for the Protection of the Marine Environment from Land-based
Activities”.

The LOICZ-Basins project is working inter alia to develop a global assessment of the importance of
changes in river catchments and their impacts on coastal seas by applying a “systems’ approach. The river
catchment and its associated coastal zone are treated as one system (Figure 1.1). Changes in the coastal
zone are affected both by local human activities and by its biophysical properties. Thus, on a global scale,
regional coastal zones will show differences in their responses to a similar human activity. The regional
systems are subject to outside (long-term) pressures and drivers including climate change and global socio-
economic changes. To elucidate these intricate relationships, LOICZ-Basins focuses on the hotizontal
fluxes of substances within the catchment-to-coastal sea system. This systems approach, integrating the
natural and social sciences, addresses issues such as critical concentrations and loads, biological resilience
and carrying capacity of the coastal environment. Airborne flux of fine sediment is not considered in this
approach.

LOICZ-Basins uses a standardised DPSIR framework, developed by the OECD (1993), for the assessment,
analysis and integration of the results of past studies (see Appendix 1). This permits a combination of the
results from the natural and social sciences as well as feedback from and to policy/management options
(Turner e al. 1998; Salomons ¢f al. 1999). To generate a global picture, a set of standardised (and thus
comparable) regional assessment workshops has been implemented, aiming to scale up information from
individual river catchment-to-coastal sea systems to sub-regional and, finally, regional scales. Characteristic
types or classes of coastal issues and changes are identified, prioritised and linked to their major natural and
anthropogenic drivers on a catchment scale. Numerical or qualitative indices are developed to allow this



ptioritisation and to permit qualitative or semi-quantitative comparison of the scenarios of land-driven
coastal change within and across regions.

LOICZ-Basins therefore deals with the roles of human society on the transport of materials — water,
sediments, nutrients, heavy metals and man-made chemicals — within the catchments and the impacts of
those roles at the coast and in the coastal sea. In addition it aims to propose feasible management options
along with an analysis of the successes and failures of past regulatory measures. Since the changes in
fluxes are mostly land- or river catchment-based, the catchment-coastal sea system is treated as one unit —
a water continuum. Applying this scale to coastal change phenomena, human activity drivers including
agriculture, fisheries, urbanisation, industrialisation, transport and tourism, as well as morphological
changes in the catchment (notably damming) have to be taken into account in as far as they affect the
fluxes. In particular the following parameters are assessed:

e material flow of water, sediments, nutrients and priority polluting substances (past, present and

future trends);

®  socio-economic drivers that have changed or will change the material flows;

e indicators for the impact on coastal functioning; and to detive from them

®  a “critical load” for the coastal zone and “critical thresholds™ for system functioning.

The assessment enables the visualisation/mapping and up-scaling of the issues and scenario simulation on
various spatial and temporal scales. It is expected, ultimately, to use the LOICZ typology approach for
global up-scaling, which is under continued development in co-operation with IGBP-BAHC (Biospheric
Aspects of the Hydrological Cycle core project).

Basins has established links with other global assessment projects including the UNEP-led, GEF-funded
Global International Waters Assessment (GIWA), with which it has much of its DPSIR methodology in
common. It contributes directly to UNEP’s Integrated Coastal Area and River Basin Management initiative
(ICARM) as well as UNESCO IOC Integrated Coastal Area Management (ICAM) and Coastal GOOS
(Global Ocean Observing System) programmes. LOICZ has agreed to channel the AfriBasins results into
the joint ACOPS (Advisory Committee for the Protection of the Sea)-IOC African Process, which already
has the political endorsement of at least 11 countties in the region and will feed into the Johannesburg
World Summit on Sustainable Development to be held in September 2002.

Outputs from the AftiBasins I workshop (contributor — O. Martins)

During the first LOICZ AfriBasins workshop held in Nairobi 25-28 July 2000, a comprehensive scientific
and institutional network was established. This included representatives of the Global Environment
Facility (GEF, Biodiversity and Land Degradation), the Wortld Bank (African Water Resources
Management Forum Interim Task Force) and UNEP (Division of Environmental Impact Assessment and
Early Warning and the Division of Policy Development and Law).

The AfriBasins I workshop was successful in building a regional, multidisciplinary network of scientists,
bringing together their expetrience and knowledge of published work and other relevant existing
information, and identifying projects within the region with mutual agendas and/or the potential to be
associated with the regional synthesis. The workshop identified the pertinent regional issues, providing a
preliminary rank order of cutrrent and predicted impacts with analyses of their trends on the basis of the
expert judgement of the participants and published scientific information.

AfriBasins I proposed an interim shortlist of potential demonstration sites for the development of case
studies addressing some of the prioritised driver-impact issues. It identified the following catchment-
coastal systems from five geographical African sub-regions:

North Africa — Alexandria delta (Nile representing a large transboundary system with well investigated
drivers of change, especially damming, and a good coverage of biogeochemical and other scientific data)
South East and East Africa — Zambezi and Tana rivers representing systems of different sizes, one
(Zambezi) under huge damming pressure and with no comprehensive investigation in place and the other
(T'ana) currently the subject of planned damming and with an holistic scientific investigation underway.



Also up to two smaller catchments under variable human pressure representing the mainly monsoon-driven
East African systems with high seasonality in biogeophysical and hydrological characteristics.

West Africa — the three basins of the Niger, Volta and Senegal rivers (all with potential for up-scaling being
transboundary, under strong human impact such as damming and deforestation and subject to various on-
going and planned initiatives);

North West Africa — 2 or 3 smaller catchments in Morocco (representing highly influenced river systems
in an arid climate with seasonal variance in runoff).

Finalising the regional synthesis: AfriBasins I1

Drawing on the work by the network of African scientists in AfriBasins I and attempting to fill the
disciplinary and knowledge gaps identified at that workshop, AfriBasins IT aimed to finalise the preliminary
integrated regional assessment and to provide a link to the first global LOICZ-Basins synthesis. A state-of-
the-art regional overview and an identification of “hot spots” to be picked up in a proposal for future
regional integrated research were the immediate products expected from the workshop. It was recognised,
however, that the information and participant-experience bases for this assessment exercise were, of
necessity, restricted and that there would be a need for a comprehensive bibliography and a thorough
review process.

The assessment took into consideration the vatiety of geographical/climatic sub-regions and tiver
catchments of various sizes, many with transboundary issues. It recognised that African regional seas and
tivers are most visibly influenced by global change and anthropogenic activity, and that human adaptation
to this forcing is itself generating severe impacts on systems functioning. The wotkshop therefore aimed to
provide a range of current and future trend information on loads and critical thresholds, which would feed
into the scenario simulation efforts of new research.

The AfriBasins II workshop adjusted the sub-regional divisions that had been proposed in AfriBasins I,
now recognising a total of eight sub-regions (see 2.3). Using the standardised proforma tables based on the
DPSIR framework (Figure 1.1), two working groups completed the assessment compilations at catchment
and sub-regional levels for the western and eastern/north-eastern coasts of Africa respectively. The
emphasis throughout was on a close coupling of the physical and biogeochemical sciences with the human
dimensions both of the driver-pressure settings in the catchments and of the issues and impacts at the
coast. Finally the sub-regional assessments were scaled up to the regional level.

The standardised LOICZ-Basins assessment tables were used to guide a detailed sequence of assessment
steps (see Chapter 5). Key questions were posed at each step.

1. Assessing and ranking coastal Issues/Impacts (together with their ctitical thresholds) due to human
activities within catchments based on documented coastal changes in the region:

®  What are the major impacts (coastal issues) identified at the coast or in the coastal sea?
e How close are these impacts to their respective critical thresholds of system functioning?

2. Assessment and ranking major catchment-based Drivers and their consequent environmental Pressures
impacting on the coastal system:

e  What are the major driver/pressure settings at catchment level causing coastal change and what are the
temporal trends of the changes?

e What are the spatial scales on which specific driver/pressure settings impact on the coastal system?

3. Assessing and ranking the various Dtiver/Pressure settings generating the coastal Issues/Impacts and
identifying the trends of changes to the state of the coastal environment; then up-scaling to sub-regional
then regional levels:

e What are the major driver/pressure settings causing observed coastal impacts?
e What are the future trends at sub-regional level; at regional level?
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4. Assessment and synthesis of scientific, policy and/ot management tesponses:
e  What is the current status of the responses taken on scientific, policy or management levels to address
the perceived major coastal issues in the region?

5. Assessment and synthesis of gaps in understanding, “hot spots” and research needs:

e  What are the major gaps in our understanding of river catchment-coastal sea interactions in the Africa
region and which “hot spots” should be addressed with priority in a future integrated scientific work
proposal (natural and socio-economic disciplines)?

The issues were evaluated according to the sub-regional division made by the experts for the river systems
shown in Figure 2.1. These tivers represent a reasonable coverage of the geographic and/or climatic sub-
regions or types of catchment-coastal sea systems identified as being characteristic of the African continent.

MOULOUYA **
~\
SEBOU *¥

SENEGAL *

TANA LARGE = *

VOLTA * / ‘ & SABAKI **

MEDIUM = *%*

SMALL = ##%

ZAMBEZ]I *

LIMPOPO *

“ INCOMATT #**
BERG #+¢ ¢

THUKELA ™,
GREAT FISH *#* -~
<~ GROOT BRAK ##*
KROMME #*##

Figure 2.1 Sub-regions (dashed lines) and rivers in three catchment size classes (<10,000; 10,000 — 200,000;
>200,000 km?) evaluated for issues, pressures, drivers and land-based activities in AfriBasins IT wotkshop.
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2.2 Indicatots for coastal change

The availability of reliable information on critical loads and thresholds for catchments within the region is
patchy. In the AfriBasins II workshop the identification of indicators for changes in environmental states
at the coast was supported as being a realistic aim for the assessment process. Information gaps in respect
of thresholds were not considered critical.

While some of the indicators for coastal change that have been cited in the AfriBasins II assessment are
policy-related, most belong to the ecosystem approach (see section 2.1 and Table 2.1) and are suppotted by
a wide range of measurable or otherwise obsetvable indicator parameters. Some indicators relate directly to
a coastal issue, e.g., the measurable rate of shoreline retreat or advance as an indicator for coastal erosion or
sedimentation. Others are less precise, e.g., the assessment of crop yields as an indicator for estuarine
salinisation. International conventions on chemical concentration threshholds provide direct indicators for
water quality issues (pollution, eutrophication, nutrient depletion). Biological indicators such as algae and
seagrass are used as proxy indicators of water quality, but also as direct indicators for the loss of biological
function and loss of biodiversity.

The critical loads of water, sediment, nutrients and pollutant fluxes, excesses (or shortfalls) of which may
cause significant changes of state and thus possibly major impacts on the coastal system, are generally
pootly known for the region. Coastal erosion and sedimentation may be one of the more obvious coastal
changes, but its causes may be difficult to attribute (see 2.4). Only if it is certain that the shoreline changes
are due to changes in the rate of sediment discharge from rivers will the estimation of a critical threshold
for system functioning be meaningful. Similar caution should be applied in assessing the critical loads of
nutrients and pollutants discharged from river basins in the vicinity of major coastal urban and industrial
centres unless the sources, for example of recognisable pollutants, can be determined. The capacity of the
coastal environment for retention, and the potential for dispersal, of nutrients, pollutants and fine
sediments are other factors to be considered in the assessment of critical loads and thresholds, though
relevant data within the region are generally sparse.

Table 2.1. Summary of environmental indicators of drivers, pressures and state changes applied in
the African regional context (based on OECD 1993).

//////////////// %/ w7 / 7 //////////%/”/ a.

U Coastal erosion e Shoreline Change ]
Diversion ) ¢ Sedimentation through e Siltation of channels, |  egislation and
Water abstraction reduced tiver flushing harbours enforcement measures

e Salinisation b

® Nutrient depletion in ® Groundwater salinity |  CZM strategies

coastal seas increase, reduced crop yields | e
e Loss of biodiversity ® Fisheries stock changes oastal/ CﬂVifOn-mCﬂFa.l
e Increase in aquatic weeds |® Changes in species | Management authorities

composition and abundance

Deforestation e  Siltation e  Changes in distribution of | ® ICZM strategies
® Loss of biodiversity healthy corals and seagrass
Agticulture e Siltation e Maximum allowable
e  Eutrophication e  Excessive algal concentrations (MAC)
e DPollution growth /blooms
e Loss of biodiversity e Incidence in rtelation to
agreed conventions
Utbanisation e  Futrophication e  Fxcessive algal | ® Legislation and
Human settlement e  Human health issues growth/blooms enforcement measures
e  Loss of biodiversity o Incidence of water-related | ® MAC
diseases
Industrial growth e  Pollution e Incidence in relaton to
®  Loss of biodiversity agreed conventions
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2.3 Biophysical sub-regions and catchment-size classes (see Figure 2.1)

Building on the results of AfriBasins I, eight sub-regions were identified for assessment within the Africa
region, on the basis of their general (catchment and coastal) geomorphological and climatic characteristics.
As outlined in Chapter 1, these were:

1. North-west Africa (Morocco) — a relatively arid sub-region with seasonal runoff characteristics and at
least in Morocco major human pressutre through diversion and damming causing a variety of coastal change
issues. (This sub-region includes the coastal stretches of Algeria and Tunisia but no information on
systems there was gathered during the AfriBasins process).

2. West Africa (Cameroon, Nigeria to Senegal) — featuring a variety of large rivers subject to major
damming resulting in reduced sediment and water fluxes and reduced coastal stability as a growing threat to
the lagoon-based cities. In this sub-region there is also a class of ephemerally draining systems with
considerable total annual run off such as the Cross and Imo Rivers; about 70 to 85 % of their annual
runoff concentrate around the five months, from June to October (FAO, 1997).

3. Congo (Central Angola to Cameroon) — central African sub-region including the very large Congo
catchment with extensive rainforest but little information available about its land-based drivers and how
they relate to coastal issues.

4. South-west Africa (Cape of Good Hope to southern Angola) — mainly dominated by the upwelling
system of the Benguela cold current; cool and temperate in the south, arid in the north with limited river
runoff to the coastal sea.

5. Nile — including the wider coastal stretches influenced by the Nile discharge reflecting land-based drivers
including the Aswan dam, Cairo urbanisation and industrialisation, and agriculture in the Nile valley and
Delta.

6. East Africa (Somalia to Nampula province, northern Mozambique) — featuring small- and medium
catchments under monsoonal forcing (seasonal flushing) and subject to damming, and special for the
occurrence of extensive fringing and patch coral reefs.

7. Central/southern Mozambique (Zambezi to Maputo Bay) — high seasonality in runoff characteristics
(including intermittent cyclonic flooding) and transboundary issues including damming and impacts such as
salinisation in the coastal zone; alluvial coast.

8. South-east Africa (Maputo Bay to Cape of Good Hope) — ranging from subtropical in the north to
warm temperate on the Eastern Cape coast and charactetized by generally small catchments that are subject
to various human use patterns with plans in place for intensive damming,

For the purposes of the assessment the river catchments that were selected for analysis were categorised on

the basis of their areas: large basins — greater than 200,000 km?; medium — 200,000-10,000 km?; and small —
less than 10,000 km? (see Table 2.2).
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Table 2.2. African drainage basins assessed in AfriBasins.

|

.

L 2870 10 Negligible no data Mediterranean
(3349-Nile (2854%) (120 pre- (0%)
Basin damming)
Initiative)
Zambezi L 1500 (1300*%) 3361 47.3 (20%) 24.1 (15%%) Indian Ocean
(3170%)
Limpopo L 412 (410%) 177 (168%)  34.6 (33%) 74.6 (80*F) Indian Ocean
Gariep (formerly L 1000 (1100%) 180 (348*) 35 (20%) 35 (18*%) South Atlantic
Orange)
Congo L 3700 (3800*%) 46000 67.5 (43%) 11.6 (12*%¥) Atlantic
(46300+-
38050*)
Niger L 2240 (1200%) 6130 40.9 17.8 (18- Atlantic
(6342%) 33%k
depending on
Basin area)
Volta L 390 (400%) 800 1.509 <0.1 Atlantic
(1268%)
Senegal L 290 (270%) 10-6736 1.18-2.862 (78%%) North Atlantic
(675)! (21%)
Tana M 132 (42%) 126 (149%) 3 no data Indian Ocean
Sabaki M 70 63 (32%) 2 no data Indian Ocean
Rufyji M 188 (180%) 900 (983%) (17%) (94+%) Indian Ocean
Incomati M 46 101 (73*)  no data no data Indian Ocean
Thukela M 29.1 146 (95%) 10.5 375 Indian Ocean
Great Fish M 29.3 (29.9+) 17 (3.2-58"9  high but no data Indian Ocean
unknown
Olifants M 46 38 2.7 58.7 South Atlantic
Cross M 48 1649 no data no data Atlantic
(FAO,
1997)
Sebou M 40 131 (139*%) 26 995 (650*F) North Atlantic
Moulouya M 53.5 (51%) 13 (51%) 12 (6.7%) 240 (224%)  Mediterranean
Groot Brak S 0.1 0.8 very little no data Indian Ocean
Kromme S 0.94 3.3 (0.1 little — all no data Indian Ocean
trapped
Berg S 6.42 (7.7279 22 (16T no data no data South Atlantic

Where possible figures derived by the AfriBasins team are displayed in comparison to earlier data such as from the GLORI
database to give an impression of the partly high variability in curemntly available information for certain systems. Where no data
could be provided during the workshop external sources have been used to fill gaps such as FAO and LOICZ information or data
have been calculated from such databases.

1 The values are relative to the Bakel station and the first ones are the mmimum and maximum while the number in brackets is the mean module for

a 90-year period.

2 The values are relative respectively to the years 1982-83 and 1981-82.
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Data from: Allanson & Read 1995; Berg 1994; CSIR 1985; Depattment of Water Affairs and Fotestry 1996; Haida
2000; Dr D. Hughes, Institute for Water Research, Rhodes University, Grahamstown, South Africa, pers. comm.;
Kane 1985; Kitheka 2001; Meybeck & Ragu 1995; Michel & Sall 2000; Morant 1983; Niang 1999; Peters 1978;
Reddering & Esterhuysen, 1983; Rooseboom 1992; Snoussi ¢7 4. 2001; UNEP 1998; * = corresponding figures taken
from or ** = calculated from the GLORI database, Milliman et al., 1995; * = Dupra et al. 2001; ** = Dupra et al.
2002; FAO 1997 — http://www.fao.otg/docrep/W4347E /w4347e0w.htm

24 Coastal issues, state changes, critical loads and ranking (see Table 2.3 and Chapter 5)

On the basis of referenced information, the working groups identified for each of their respective sub-
regions the key environmental and human issues or impacts affecting coastal areas (including the coastal
sea) that were considered to have been caused, or influenced, by land-based human activities. The issues
include matters of management concern at local, national and regional levels. Generally they involve
changes in the state of the coastal envitonment that impact on its geomorphology and/or its ecosystem,
affecting issues such as water quality, biological functioning and human health. The state changes that
affect coastal geomorphology relate mainly to the sediment that is discharged from rivers. Examples are
where reductions in discharge at river mouths contribute to the impoverishment of sediment on adjoining
beaches and the consequent erosion of beach heads (coastal erosion) as in the Nile Delta, or where
increases lead to sedimentation (siltation) and coastal progradation as with the case of discharge from the
Sabaki River at Malindi in Kenya. While the coastal ecosystem has a natural biological resilience and is able
to cope with biogeochemical changes to some extent, certain functions may be damaged or otherwise
altered if the changes exceed critical thresholds (see 2.2). An example of this is the growth of toxic algae in
an estuary where eutrophication resulting from the discharge of untreated sewage exceeds a critical level.

Distinguishing between natural and human activity drivers as influences on state changes is a particular
problem in the assessment of coastal impacts and issues. For example, the possiblity that marine forcing
(changes in sea level and/or climate-driven longshore drift) rather than catchment activities might be the
cause of some of the cases of erosion and sedimentation that are detailed in the AfriBasins assessment must
be borne in mind. Understanding natural processes and their variability over time (e.g., short- and long-
term climate change), as they affect both the catchments and the coast, is an important prerequisite for an
assessment of the contribution that human activities may make to coastal change. Another problem in the
assessment process concerns the weight to be attached to land-based human activity drivers at the coast
itself, rather than within identified catchments. The situation is well illustrated by the coastal city of
Alexandria with its important issues of pollution, eutrophication and human health attributed to
urbanisation and industrialisation separate from any identifiable catchment. For the purposes of the listing
of coastal issues, such cases have been included and ranked in the assessment, though generally there is no
scope for including them, however acute they may be, in the catchment-by-catchment review of
driver/pressure settings assessed in Chapter 5 (see 2.6). An exception has been made, however, in the case
of coastal urban nodes in the south-west Africa sub-region.

In ranking the coastal issues and impacts, it has proved difficult to achieve a consistency of standards
between, and even within, sub-regions. Local, short-term hot spots may have attracted high rankings —
beyond the threshold—yet more spatially widespread and longer-term impacts that have been assigned lower
rankings may actually turn out to be the more significant. Even in simple cases, ranking the issues and
impacts and the state changes as part of the assessment has, by its nature, been a process of somewhat
subjective judgement within the limitations of the mostly sparse data. This may have led to anomalies in
the assessment output.

Information regarding both the coastal environmental state and the critical loads and thresholds relating to
the various impacts varies greatly in both its quality and availability. The working groups regarded scarcity
of data, particularly time-series data, as being a serious impediment to the understanding of the driver-
impact linkages throughout the region.
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2.5 Driver-Pressure-State relationships

Socio-economic dtivers within the catchments cause environmental pressures, which affect, with different
time delays, the inputs and fluxes of substances to the tiver systems and, after transformation in those
systems — in their estuaries (or deltas) and associated coastal lagoons — the discharge of those substances to
the coastal sea. The flow of substances is modified both temporally and spatially by the geomorphological
and biogeochemical properties of the basins, the estuaties and their contiguous shores. The state of the
three different types of aquatic ecosystem (tiver, estuary and coastal sea) represents the condition of
significant components of the system that may be affected by these pressures. Changes to this state lead to
impacts, which may affect both environmental and socio-economic processes at the coast and in the
coastal sea. Because of the wide diversity of the African drainage basins, an attempt to present an overview
picture of driver-pressure-state relationships beyond the sub-regional scale (see Chapter 5) is considered
inappropriate.

The working groups considered the drivers at the sub-regional scale and ranked them numerically according
to their respective state changes and consequent impacts on the coastal system. The numbers ranged from
0 (indicating no change) to 3 (indicating a major change). The rankings were applied variously to large,
medium and small basins (see 2.3) as appropriate to the specific sub-regions. In the cases of the Nile and
the Congo the rankings applied to only one large basin each. The working groups also assessed the time-
scales over which changes in the state of the coastal environment were taking place. In some cases the
changes were a direct or immediate result of catchment pressures, e.g., impoundment of water and
sediment by damming; in others they were gradual or progressive, e.g., continuing detetioration in water
quality through the increased discharge of sewage due to urbanisation. The workshop acknowledged the
difficulties involved in achieving consistency in the state change ranking process both between the sub-
regions and within sub-regions, for basins of different size classes.

2.6 Assessment of land-based drivers (see Table 2.4 and Chapter 5)

Supported by referenced information, the working groups compiled and assessed available information for
each of the selected catchments regarding the relationships between the drivers (both natural and socio-
economic) in the catchments and the perceived resulting environmental pressures and consequent state
changes and their impacts at the coast. The groups assessed the importance of specific drivers in respect of
the various impacts and issues, using numerical rankings for the present situation and indicating the trends
of future change.

The difficulty in making the correct attributions of drivers to impacts has been a matter of concern
throughout the assessment. In cases of pollution, eutrophication and human health there may be few
doubts about the identity of the causative driver(s). Specific recognisable pollutants, for example, may be
traceable to individual point sources. With erosion and sedimentation, however, the driving forces may be
complex and comprise several different contributors (including natural forces) that may be positive or
negative in their individual effects on material flux. For example, a river system may have a reduced
sediment input as a consequence of damming, while the same system (below the dam) may receive an
increased supply due to deforestation or changes in agricultural practice. To make a meaningful assessment
of the respective contributions made to, say, the coastal issue of sedimentation by e.g., agtriculture,
deforestation or damming in the catchment may simply not be feasible on the basis of the data presently
available. Thus the impact rankings that have been made should be treated with caution. To some extent
such anomalies have been moderated as part of the up-scaling procedure from catchment to sub-regional
scales but, where data on the spatial and temporal scales of impact or state change have been unavailable, it
is recognised that some rankings, even at sub-regional scale, are tentative.

2.6.1 Catchment scale

(The contributing authors for this section are also the authors of the corresponding assessment tables in
Chapter 5.)

The vatious sub-regions show wide variation not only in the biophysical nature of their catchments but also

in the availability and quality of existing data relating to their material fluxes. As far as possible the
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catchments that chave been chosen for assessment are considered to be representative of the catchments in
their respective sub-regions. The Nile sub-region comprises only one catchment. All of Africa’s ‘big four’
tiver basins, the Niger, Congo, Nile and Zambezi have been included in the assessment, as have the
important transboundary basins of the Senegal, Volta, Cross and Gariep rivers on the west coast and the
Limpopo and Incomati on the east. Representative medium and small basins have also been assessed.
These comprise the basins of the Sebou and Moulouya rivers in Morocco, the Olifants and Berg (west of
the Cape of Good Hope) in South Africa, the Tana and Sabaki rivers in Kenya, the Rufiji in Tanzania, and
the Thukela, Great Fish, Kromme and Groot Brak in South Africa east of the Cape.

1. North West Africa (contributor — M. Snoussi)

Notth-west Africa is characterised by young mountains and numerous medium and small drainage basins
with strong slopes, while the alluvial plains are few and of limited extent. River runoff and precipitation are
irregular and may be high. Pootly vegetated steep slopes are prone to surficial runoff, resulting in soil
erosion and high levels of fluvial suspended sediment transport — probably among the highest in Africa.

The Sebou and Moulouya catchments (located in Morocco) atre representative of the medium drainage
basins that characterise the semi-arid Maghreb area. They have generally been supported by good quality
recent data. A wide range of impacts and issues has been reported. Many large dams have been built over
recent decades. The resulting sediment entrapment has not only reduced the reservoir capacity, but has
also become the principal cause of coastal erosion. Reduced stream flows due to damming are also
regarded as favouring the accumulation of marine sediments.

The main sources of coastal eutrophication and pollution are untreated domestic and industrial wastewater
and fertilizers. Most of the urban sewage is directly discharged without treatment. Human health issues
also arise from the discharge of untreated sewage (related to urbanisation), while loss of biodiversity (or
biological functioning) is seen as a complex interplay of all the principal drivers. Increasing salinisation is
recognised as a setious issue, caused vatiously by urbanisation and agriculture (over-abstraction of
groundwater) and the natural drivers of climate change and sea-level rise.

2. West Africa (contributors — A. Kane, I. Niang Diop, C. Gordon, G. Umoh)

The assessments of these catchments, including the large basins of the Senegal, Volta and Niger (which
have significant transboundary implications) and the medium-sized Cross River basin, have generally been
suppotted by good quality, up-to-date data. A wide range of impacts and issues has been reported. Coastal
erosion is a problem associated with all catchments, with critical thresholds exceeded in respect of the Volta
and Niger. Damming, deforestation and agriculture are all cited as contibutors, with damming the prime
cause in the Volta. Coastal sedimentation is another common issue, especially at the mouth of the Senegal
River though in this case not obviously directly due to catchment dischazge.

Algal blooms are a manifestation of eutrophication particularly in the Volta and Niger, with urbanisation
(or human settlement) and, to a lesser extent, agriculture seen as the principal drivers. Oil-related pollution
is an important issue in the Cross River basin, while aquatic weeds such as Nypa palm are reported from all
catchments and attributed to damming (Senegal) and a range of other drivers including transport. Critical
thresholds for the loss of biological functioning due to a complex of drivers have been exceeded in the
Volta and Niger and especially in the Senegal. Human health issues including the incidence of water-related
diseases that are attributed to urbanisation have been reported in all catchments, with critical threholds
being exceeded in the Volta and Senegal. Salinisation is seen as a problem in the Niger and Cross, where
the drivers are unclear, and the Senegal, where climate change (drought) is regarded as the cause.

3. Congo (contributor — P. Morant through S. Taljaard)

The Congo is the second largest river in the wotld on the basis of annual flow. The system extends over a
distance of 4,700 km between Lake Tanganyika and its mouth on the Atlantic Ocean. The dominant
characteristic of the river is the remarkable regularity of its regime. The lower reaches of the basin, ie.
below Kinshasa and Brazaville (some 300 km upstream of the mouth) are free of major urban and
industrial developments. Two harbours in the lower reaches probably produce some oil-related pollution.
Near the coast human activities include fishing, gathering medicinal plants and subsistence cropping. The
loss of habitat and biodiversity there as a consequence of mangrove felling for fuel wood is regarded as a
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major issue. Little quantitative data, however, is available about land-based drivers and how they relate to
coastal issues.

4. South West Africa (contributor — S. Taljaard)

The major perennial river basins in this sub-region that may influence the coastal zone include the Kunene
(on the borders of Namibia and Angola — not assessed), the Gariep (formerly Orange, a large basin on the
botders of Namibia and South Africa), and the Olifants (medium) and Berg (small) basins (both in South
Africa). Utrban nodes along this stretch of coast, which also have a significant influence on the coastal
zone, include Walvis Bay (Namibia) (no expertise available at workshop), Saldanha Bay (West Coast, South
Africa) and Table Bay and False Bay (both Cape Town, South Africa).

Quantitative data on coastal impacts of the Kunene and Gariep basins are very limited. Although some
data are available for the Olifants basin, these are limited to impacts on the estuarine region mouth. Data
on the coastal impacts of the Berg River basin have up to now also been limited to the estuarine region
inside the mouth, but currently studies are underway to extend investigations into the larger St Helena Bay
area.

The Gariep estuary is recognised as one of southern Africa’s most important coastal wetlands. Its mouth is
of delta type, the mouth dynamics being affected by upstream impoundments and associated water use
practices. Duting prolonged low-flow periods, salinisation in the lower reaches, particularly of the
groundwater resources, has become a concern.

Human activities in the Olifants catchment appear to have limited impact on its estuary and coastal zone,
although damming and agriculture have led to a reduction of freshwater inflow. Flow in the Berg River is
very seasonal, with low flows in the dry summer period and higher flows during the wet winter season. The
high concentration of dissolved inorganic nitrogen in the winter runoff is attributed largely to fertilizer
entering the river through the agricultural runoff.

Impacts of human activities around the urban and industrial nodes include the progressive deterioration of
water quality. Eutrophication attributed to industrial development around Saldanha Bay is of considerable
concern. Of the urban node embayments, only False Bay receives significant basin drainage, with 11 small
catchments discharging to the bay.

5. Nile (contributor — H. Awad)

The damming of this transboundary river system has led to profound changes in fluxes through the Nile
delta and in the associated coastal sea (the Mediterranean). This is exacerbated by a rapid growth of
urbanisation and industrialisation around Cairo and changes in agricultural practice in the Nile River valley
and its delta region. All of these socio-economic drivers, together possibly with the natural driver of
climate change, have produced significant impacts at the coast and in the coastal seas around the Nile delta.
Notable among these has been the acute coastal erosion around the mouths of the Rosetta and Damietta
distributaries of the delta. This is largely attributed to the almost complete cessation since the 1960s of
coarse sediment flux below the Aswan Dam. Damming is also seen as being responsible for the increasing
salinisation of groundwater in the delta area. Other important coastal issues include eutrophication and
pollution of the coastal waters due to the discharge of urban and industrial waste water (Mex Bay and Abu
Qir Bay, Mediterranean pollution hot spots) and the loss of habitat resulting from the landfilling of coastal
lagoons. Attribution of coastal pollution to fluvial discharge is complicated by the significant inputs from
the extensive utban-industrial area of Alexandria at the western limit of the delta (also a Mediterranean
pollution hot spot). The assessment is supported by good quality data, including information relating to
critical thresholds.

6. East Africa (contributors — J. Kitheka, J. Ochiewo and A. Ngusaru)

The assessed catchments of this sub-region are medium basins, all subject to seasonal flushing, the principal
rainfall occurring at the transitions between the north-east and sourth-east monsoons in April and October.
All of them discharge on a coast that is characterised by fringing or patch coral reefs with an associated rich
biodiversity. The Rufiji discharges through a delta dominated by mangrove forest into coastal waters that
include the largely pristine Mafia Marine Park. Coastal erosion and the discharge of sediment are two of
the important issues on this coast. Both the Sabaki and the Tana rivers intermittently discharge sand and
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fines, the sand being transferred to beaches thence in part to dune systems that characterise the coast of
northern Kenya. Fine sediment, carried in suspension as plumes through the coastal waters, may settle and
smother growing coral. Beach-head erosion, mainly of eatlier-formed beach deposits, is widely reported,
but its attribution solely to a reduction in sediment discharge from the catchments is controversial.

The contributions that damming, deforestation and changes in agricultural practice make to increased or
decreased sediment input to these systems have been the subject of several studies in the Tana and Sabaki.
Most of these suggest that all of these drivers are increasingly contributing to the problems of coastal
erosion and sedimentation. The Tana is already dammed and additional dams are proposed there, as they
are for the Rufiji. Pollution is recognised as being a significant issue in the Tana and Sabaki basins, with
agriculture, industry and urbanisation all making contributions as drivers. In the Rufiji pesticides used in
rice cultivation and the impacts of prawn farming are matters of concern, as are the impacts of population
growth and the clearing of mangroves for agriculture. However, inputs of pollutants from industrial
development atound Naitobi in the Sabaki (Galana/Athi) catchment do not appear to cause setious
problems at the coast. The pollutants and nutrients (untreated or partially treated sewage) delivered to
coastal creeks from the urban-industrial centres of Mombasa and Dar es Salaam may be more significant,
though these sites lie outside the scope of the LOICZ-Basins assessment.

7. Central/southetn Mozambique (contributors — F. Tauacale, L. Mhlanga)

The assessed catchments of this sub-region, the Zambezi, Limpopo and Incomati, are transboundary in
nature, the Zambezi catchment spanning a total of 8 countries. The rivers discharge on a predominantly
alluvial coast formed mainly of older beach deposits and barrier bars and spits with associated creek
systems, mangrove swamps and sand dunes. Unlike other parts of the eastern coast of Africa, there is an
appreciable continental shelf. Most of the coastal issues and impacts are ascribed to damming and
agricultural drivers, with the reduction in stream flow recognised as a significant to acute and increasing
problem. The middle course of the Zambezi River has been interrupted by two artificial impoundments,
Lake Kariba and Lake Cahora Bassa, which cover 5,364 km? and 2,739 km? respectively.

Coastal erosion reported from the Zambezi delta and the Incomati River is attributed solely to damming
and the consequent reduction of sediment discharge. Loss of biological productivity, particulatly in the
Zambezi system, is seen partly as a comnsequence of water abstraction for irrigation. The increasing
salinisation of agricultural land flanking the Incomati estuary and the nutrient depletion in the coastal seas
off the mouths of the Zambezi and Incomati are regarded as impacts of the damming in the respective
catchments.

8. South East Africa (contributor — A. T. Forbes)

The catchments assessed in this region comprise one medium basin — the Thukela, discharging on to the
sediment based, biologically significant Thukela Bank on the east coast — and three small basins, the Great
Fish on the south-east coast and the Kromme and Groot Brak on the south coast. The coast adjoining all
these systems, in keeping with the general south-east African condition, is dominated by marine processes
being open and subject to strong wave action and longshore drift. Catchment-derived impacts, primarily
arising from impoundments, have tended to be recognized primarily in relation to estuarine habitats. The
Thukela does, however, deviate from this generalisation.

The Thukela is the largest east coast system and has already been used a source of water via inter-basin
transfer for industrial purposes in the Johannesburg area and irrigation along the Vaal River, a tributary of
the Gariep. The estuary is still freshwater dominated but it is anticipated that further reduction in
freshwater flow would, infer alia, extend periods of mouth closure, reduce sediment supply to beaches north
of the river and reduce nuttient input to the already oligotrophic inshore marine environment.

The Great Fish has the second largest catchment of the four systems included here but much of it lies in
relatively arid areas. Its flow has now been enhanced and stabilised by the inter-basin transfer of water
from the Gatiep system to the north via pipelines and canals, as well as the use of the river channel itself as
a conduit for irrigation water. This has significantly changed salinity gradient patterns in the estuary.

The Kromme is a small system, which, despite a greatly reduced freshwater mnput because of dam
construction, retains an open mouth because of the local coastal topography. The reduced freshwater
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supply has, however, resulted in a marine-dominated, clear water system totally different from the original
estuarine community. Present research is dedicated to establish what levels of water released from the dam
are required to maintain normal estuarine function. The Groot Brak is another small system which has
been significantly impounded but has also been extensively investigated and manipulated in terms of
modelling, water-release patterns and mouth breaching in order to protect housing developments in the
lower reaches.

2.6.2 Sub-regional scale (see also Table 2.4 and Chapter 5)
(Those areas where determination between catchment and sub-regional scale was not meaningful have
already been picked up in 2.6.1; contributing authors are the same as in 2.6.1).

1. North West Africa (see 2.6.1)

2. West Africa

Damming, deforestation and agriculture are considered to be the principal drivers of state changes at the
coast through modifications of the hydrological regime, water quality and sediment discharge in the large
catchments. These changes impact on the coastal system through erosion and sedimentation altering the
coastal geomorphology; also changes in the quality and quantity of water flux resulting in salinisation,
eutrophication and pollution, with consequent impacts on biodiversity/biological functioning, the
introduction of aquatic weeds and human health. Each of these drivers is seen as having a major and
progressive impact. Changes in water quality and, to some extent, quantity that have significant progressive
impacts on the coastal system are also attributed to human settlement or urbanisation. Mining and
particulatly oil-related industrialisation, through their modification of the hydrological regime, make a
substantial contribution to pollution and eutrophication among other water-related issues. The role of the
natural driver climate change, through accelerated sea-level rise is regarded as becoming increasingly
important in respect of coastal erosion, flooding and saline intrusion.

3. Congo (see 2.6.1)

4. South West Aftrica

The principal drivers considered responsible for minor-to-medium but progressive state changes and
impacts at the coast are damming and agriculture, both causing modifications to runoff, water quality and
coastal geomorphology. Their impacts at the coast include sedimentation, salinisation and
habitat/biodiversity loss, and also, in the case of agriculture, pollution. Transport-related development is
seen as causing changes to coastal habitat involving habitat/biodiversity loss. The natural driver climate
change may be a significant contributor to erosion, sedimentation and salinisation. Other recognised
coastal issues are eutrophication, pollution, aquatic weeds and human health. These are attributed not to
human activities within the river basins, but rather to activities within the urban and industrial nodes on the
coast itself. These are progressive, significant issues and matters of concern.

5. Nile
The Nile is a single-catchment sub-region. See 2.6.1 for the sub-regional assessment.

6. East Africa

Coastal erosion and sedimentation, pollution and loss of biological functioning are the principal
impacts/issues concerning the medium catchments of this sub-region. Damming, deforestation and
agriculture are the principal drivers and these are expected to become increasingly significant in respect of
their impacts. However, information on the respective contributions of these drivers tends tends to be
ambiguous and little is known of the critical thresholds. The possible contributory roles of urbanisation
(coastal engineering) and natural (climate-related) drivers in coastal erosion and sedimentation need to be
investigated. Agticulture is regarded as the principal catchment driver for the occurrence of pollutants at
the coast though there are also significant inputs from coastal urban-industrial centres. Deterioration in
biological functioning and loss of biodiversity as a consequence of an interplay of all the main drivers is a
patticular concern on this highly biodiverse but sensitive coral reef-fringed coast.
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7. Central/southern Mozambique

The principal issues in this sub-region of medium and large transboundary catchments are the reduction in
stream flow, coastal erosion, salinisation and nutrient depletion, all of which are attributed to the damming
driver. No information on the critical thresholds for these impacts was identified by the workshop, though
the severity of all the impacts is expected to increase. Eutrophication resulting from agriculture and
urbanisation is stable to increasing, but is of concern only at the local scale. Biodiversity loss (ot loss of
biological functioning) is a significant issue ascribed to damming and agriculture, but as with eutrophication
there is little information concerning critical thresholds and their indicators.

8. South East Africa

This sub-region is characterized by generally small catchments that are subject to various anthropogenic
pressutes, particulatly water abstraction. Damming is an important drver, with freshwater retention in
semi-arid conditions, and there are plans in place for further intensive damming, In the small basins this
impoundment impacts directly on the coastal system, especially on estuarine environments, causing reduced
freshwater inflow, nutrient depletion, salinisation and sediment accumulation in estuaries due to loss of
freshwater scouring and extended periods of mouth closure. In extreme cases there may be no freshwater
discharge throughout the year. Deforestation and poor agricultural practices have led to increased soil
erosion and, especially in the small basins free from impoundment, there is an increasing problem of
sediment discharge and siltation at the coast. Agriculture has also contributed to increased nutrient and
pesticide fluxes resulting in local but progressive impacts of eutrophication and groundwater degradation at
the coast. Urbanisation and industrialisation are the drivers responsible for the discharge of sewage and
pollutants. These have high, sometimes direct though localised impacts near the coastal cities while coastal
areas further distant retain relatively unaffected conditions.
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2.6.3 Regional scale (see Table 2.6)

A first-cut ranking order was drawn up for Africa, together with expected future trends in impacts (see
Table 1.1). It should be recognised that the ranking given here attempts to create a full regional picture,
although, medium-ranked statuses can become major ones if catchments of specific size classes are
considered.

Coastal geomorphological change involving erosion and sedimentation was identified as a significant and
progressive impact in neatly all of the sub-regions, the problem being acute on the Nile delta and in the
West African lagoon systems. Damming was viewed as the principal driver in such change, with
consequent reductions in stream flow and sediment flushing. Damming was also seen as being largely
responsible for coastal salinisation, e.g., the Incomati estuary in Mozambique and nutrient depletion in the
coastal sea, e.g., KwaZulu Natal. In most sub-regions deforestation and agriculture were regarded as
important drivers, particularly in respect of coastal sedimentation from medium and small catchments, e.g.,
the Tana and Sabaki in Kenya. Human settlement was identified as a major contributor to eutrophication
and the incidence of aquatic weeds in the large West African catchments. Elsewhere, while eutrophication
and pollution wete recognised, they were mostly related to coastal urban-industrial sources, e.g., Alexandria,
Mombasa, Saldanha Bay and Cape Town. Loss of biodiversity or biological functioning was seen as
another common issue, though related to complex ranges of human and natural drivers.

In general these data are characteristic of developing economy situations where economic growth and water
use exceed development of the necessary urban and industrial infrastructure. This finding parallels those
made in the South American (SAmBas), and East Asian Basins assessment and synthesis processes (de
Lacerda e/ a/. 2001; Hong ef a/. in prep.). However, heterogeneity of the sub-regions seems to be more
pronounced in Africa than in other wotld regions, making the ranking of issues and drivers in Africa a
more complex challenge.
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Table 2.5 Summary of priority dtiver/pressute features by country, cortesponding “hot spots” and

information available in Africa (see also Section 2.6.5).

1. Motocco | e Damrning Sedimentation through e FEtatde qua]ité des
reduced flushing especially Ressources en eau au Maroc
on Mediterranean coasts; (DRPE 1998) and many
salinisation of coastal plains published papers and reports

e Human Eutrophication, pollution on
settlement, Mediterranean and Atlantic
agriculture and coasts
industrialisation

2.Senegal | e Damming Sedimentation, invasion by ® Barrage-related impact
aquatic weeds and loss of studies, water quality
biodiversity in Senegal river; assessments
estuatine ecosystem

e Human destroyed
settlement Human health issues

2. Ghana ¢ Damming FErosion of Volta delta and i ® Lower Volta environmental
invasion by aquatic weeds impact study (VBRP 1996-

e Human Eutrophication and human i?ga);gecmozzt:;zejgj?g 9092
settlement health issues in Volta 1997) GEF; Tntegrated

coastal zone management
strategy (Wotld Bank 1996)
2. Nigeria o Industrialisation Oil-related pollution in Cross ® World Bank studies, 1995;
and Niger Moffat & Linden (1995)

4, 8. South | e Damming and Nutrient  depletion  off | ® Estuarine studies since

Africa diversion sourth-east  coast  with 1950s; summaty of available
resulting biodiversity loss; estuarine literature and the
sedimentation and loss of synthesis of available
habitat on southwest coast knOWICdge_ )

e  Utrbanisation and Eutrophication and | giIdRelrﬁfmtOﬂng and
industrialisation llution at Saldanha Ba e & Programmes

pollu y initiated

5. Egypt e Damming and Erosion of Nile delta e Shoreline monitoring

diversion High levels of pollution and | ® Water quality monitoring
e Urbanisation and eutrophication in Abu Qir
industrialisation Bay, Mex Bay and on
Alexandria city coast

6. Kenya ¢ Damming Deterioration in Tana water | ® Fish stock and biological
quality productivity data

e Deforestation Siltation at mouth of Sabaki |® Coral impact data

6. Tanzania | e Deforestation Siltation at mouth of Rufiji |® Biodiversity data for

e Agriculture Deterioration of Rufiji water mangrove and coral areas

quality e FEIA reports

e Aquaculture Polluti e

ollution om prawn
fisheties

6,7. ¢ Damming and | ® Biodiversity loss in Zambezi ® Fish stock and biological

Mozambiqu abstraction delta and on Sofala Bank productivity data

€ Salinisation of Incomati * Incomati hydrology study
Etosion of Zambezi delta
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Table 2.6 Major activities (drivers), ptesent status and trends affecting the coastal zone of Africa.

2. Senegal, Volta, Niger

Damming Erosion West coast Major Increasing
Diversion Nile delta Major Increasing 5. Nile delta distributaries
East coast Medium | Increasing 7. Zambezi
Sedimentation | West coast
Nile delta Local 5. Nile delta
East coast Local Increasing 6. Malindi coast, Kenya
Salinisation West coast Medium | Increasing 1. Moulouya, 2. Niger delta
Nile delta Medium | Increasing 5. Nile delta
East coast Medium | Increasing 6. Tana, 7. Incomati
Nutrient West coast
depletion Nile delta
East coast Medium | Increasing 7. Southern Mozambique,
8. KwaZulu-Natal
Various drivers | Biodiversity loss | West coast Major Increasing
Nile delta Major Increasing Almost all sub-regions
East coast Major Increasing
Deforestation | Erosion West coast Medium | Increasing
Nile delta Medium ranking for most sub-
East coast Medium | Increasing ii%::trallszr};;‘:cet‘sre;,e:gi (;zdf?;
Sedimentation | West coast Medium | Increasing small and medium catchments
Nile delta inland 6
East coast Medium | Increasing
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Table 2.6 continued

Agriculture Sedimentation | West coast i Increasing 2. Cross, 4. Gatiep, Olifants,
Nile Delta - - Berg
East coast Medium | Increasing
. . . T i, Rufiji
Medium | Increasing 6. Tana, Sabak, Ruftj
Eutrophication | West coast . .
Nile delta . . Medium ranking for most sub-
Medium | Increasing . ;
East coast regions, but major for coastal
Medium | Increasing impacts generated in small and
Pollution West coast . . medium size catchments in 1
Major Decreasing
Nile Del ad 6
¢ Delta Medium | Increasing
East coast
Utbanisation Eutrophication | West coast Medium | Increasing
Nile delta Major Increasing Medium overall but major in 5
East coast Medium | Increasing
Industrialisation | Pollution West coast Medium | Increasing As above, but in most cases
. . . mote coastal than catchment-
Nile delta Major Increasing based — 4, 5, 6
East coast Medium | Increasing

2.6.4 Policy, scientific and management responses (see Table 2.7 and Chapter 5).

There is a growing awareness by scientists, managers and policy makers of the need to understand coastal
systems in the context of their related catchments so that knowledge of the linkages between human
activities in river catchments and environment-related socio-economic issues at the coast can feed into
effective integrated management. While the coast and coastal seas have long attracted scientific and socio-
economic tesearch, there has been a tendency wotldwide, but perhaps particularly in Africa, for that
research to be sectoral, with somewhat limited application in integrated management.

The last decade ot so has seen a worldwide shift towards research and management initiatives that take a
broader view of land-sea interaction in both space and time. Such linked projects cover present (and past)
material fluxes between the land and the ocean via rivers and lakes, groundwater, the atmosphere and
coastal seas. This broadening of perspective has been accompanied by the realisation of the importance of
soclo-economic as well as natural factors as drivers of system changes in the coastal environment.
Scientific and management responses to the need for this more integrated approach to understanding and
managing the coastal resource with its complex ecosystem are becoming increasingly apparent in the region.
Regional/global scientific responses include the UNEP GEF Global Intetnational Waters Assessment
(GIWA), and increasingly these show a trend towards initiatives that view catchments and coasts in
integrated system contexts. In general policy responses at the regional level remain in the process of
formulation. Listings and brief descriptions of the initiatives, both scientific and management, developed
both for catchments and sub-regionally are presented in Table 2.7.
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2.6.5 Key areas for research projects (see Table 2.8 and Chapter 5)

Data

A scarcity of relevant data is a recurrent problem in most sub-regions, for scientific data but particulatly for
soclo-economic information, and for both activities in the catchments and impacts at the coast. Time-
series data generated from routine monitoring programmes is particulatly sparse. In some cases older data
may exist though these are yet to be accessed. The collection of standardised data relating to the large
transboundary catchments presents considerable challenges. The workshop recognised the need to
incorporate or initiate basic data collection and monitoring within any proposed integrated regional
research programme. Data collection programmes should be designed as far as possible with the aim of
establishing the causes of changes in the coastal environmental state that impact upon the coastal resource,
whether those causes are natural, anthropogenic or a combination of the two.

Indicators

The workshop highlighted a considerable lack of knowledge about the critical loads and thresholds of
material fluxes passing from the catchments to (or through) the coastal area to the coastal sea that, if
exceeded, would significantly change the coastal environment. There is a need for common parameters to
be established in respect of the indicators of change that are relevant to the region. Such an approach
should take into account not only the incidence of a change of state but its spatial and temporal dimensions
as well, bearing in mind the coastal type (geomorphology and oceanography) and its capacity for the
retention of catchment-derived materials or their dispersal to the ocean.

Research challenges

Supposed ‘multi-driver’ impacts pose a major challenge, particularly in medium and large, transboundary
catchments, where there is scope for substantial transformation or reduction of material fluxes within the
system. In many sub-regions the loss of biodiversity or loss of biological functioning was ascribed to a
suite of drivers, so that an appropriate, targeted response policy may be difficult to formulate. The specific
contributions (positive or negative) to the fluxes of water and sediment that reach the coast atising from,
e.g., agricultural practices, deforestation or damming need especially careful analysis, bearing in mind the
soclo-economic implications of regulation in these areas. In the AfriBasins process the rates of changes in
the coastal environmental state resulting from catchment-generated pressures were assessed only in general
terms — ‘direct’ or ‘progressive’. In some cases there was uncertainty in the assessment. To prioritise
approptiate responses in the catchments at management and policy levels, t more specific information is
necessary on rates of change and time-lags between the anthropogenic pressure and the corresponding
change to the state. An integrated regional research programme would provide the opportunity for the
comparison of pressure-state changes in catchments of different sizes in a variety of geographical settings
within the region.

The contributions that natural drivers such as climate change have made andwill make to the state of the
coastal environment over a range of time-scales is another area for consideration by regionally integrated
research. For example, sporadic extreme event cyclonic flooding is a feature of catchments in
central/southern Mozambique, with major fluxes of water and sediment causing widespread coastal change
and socio-economic disruption. Thus, the coastal impacts of human activities in catchments need to be set
in the context of natural driving forces. Similarly, the effects of sea-level tise and/or (pethaps shott-term)
variability of the coastal climate as possible contributors to changes in coastal geomorphology and estuarine
salinisation need to be considered if the contributions to change resulting from anthropogenic catchment
activities are to be propetly assessed. Changes occutring over the longer (historical and pre-Anthropocene)
term are subjects of research under the IGBP-PAGES core project (Past Global Changes).

The coastal sea of Africa also receives significant nutrient and pollutant discharge from urban-industrial
centres along the coast. Research is needed in a range of geomorphological and oceanographic settings to
assess and quantify the impacts of such coast-generated pollution and eutrophication for comparison with
the impacts ascribed to catchment drivers. The maintenance of groundwater resources to support coastal
communities in the face of diminishing recharge from catchments and (coastal) abstraction-induced
(marine) saline intrusion is another ptotity issue of regional importance to be addressed by an integrated
research programme.
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3. OUTLOOK AND PROJECT IDENTIFICATION
by H.H. Kremer, R.S. Arthurton and Wim Salomons

3.1 The AfriCat framework

From the results of the DPSIR assessment, the workshop identified river catchments within the region for
proposed detailed study, examining various aspects of the driver-impact linkage. This output would feed
the planned “AfriCat” proposal, envisaged as providing a conceptual umbrella covering individual study
proposals, that will be developed concurrently by the AfriBasins scientists’ network. The broad principles
of AfriCat will be similar to those of the established “EuroCat” (http://www.iia-cnt.unicalit /EUROCAT
/project.htm).

There would be an integrated, systematic approach to the understanding of the water cascade, taking the
catchments and the coast as single systems, with robust science and emphasis on relevant data-building and
communication. The wotkshop recognised that the studies must add value to existing work, have a strong
socio-economic input and show how the needs of a cleatly identified user community wetre being
addressed. Some projects are likely to focus on biological resilience in estuaries or the coastal sea,
identifying the critical thresholds and indicators of acceptable change. In some cases there may be
opportunities to build upon existing projects, extending their scope and thus providing a more
comprehensive and integrated picture of the catchment-to-coastal sea linkage. As well as serving local and
regional needs, the integrated studies of AfriCat will also feed the global aims of Earth System Science,
through the provision of reliable bases for up-scaling in a region where, compared with Europe in
particular, recent and reliable data are very sparse.

3.2 Regional needs and linkages

The AfriCat proposal will have an emphasis on addressing the regional African needs, in the context of
ptiority areas for action as identified by the African Ministerial Conference on the Environment (AMCEN)
in preparation for the World Summit on Sustainable Development in Johannesburg, September 2002.
Potential links between the AftiBasins/AfriCat activities under LOICZ with the joint ACOPS (Advisory
Committee for the Protection of the Sea) — UNESCO’S IOC GEF — MSP project ‘African Process’ for the
“Development and protection of the coastal and marine environment in sub-Saharan Africa” were the
subject of fruitful talks at the Rio+10 meeting of the IOC in December 2001 in Paris. This is being
followed up by the LOICZ participation at the second meeting of the Working Group on the Programme
of Interventions (WGPI-II). LOICZ has agreed in principle to channel the AfriBasins work and the
AfriCat draft (design and methodologies) into the African Process, which already has the full political
endotsement of at least 11 countries in the region and will feed into the Johannesburg conference.

The need for innovation and shared experience between sites to make the most effective use of limited
funding was accepted by the workshop; this would include improved data transfer within the region, long-
term surveillance of the environment and building human capacity and institutional structures in coastal
science. The workshop envisaged AfriCat as encompassing themes that would be attractive to specific
donots. Most importantly, the goal of AfriCat must be to improve the lives of coastal communities in the
context of the catchment-to-coast system. There was considered to be great potential benefit in linking
rivers and coasts at the scientific, policy and management levels. Improving management was a crucial goal
and the challenge for the scientists was to produce a sound information base that was accessible and
understandable to the management community at local as well as more regional levels, e.g., Southern
African Development Community (SADC). To be successful, AfriCat must be owned by national
governments. UNEP-ROA, through the AMCEN process, will assist to promote such ownership and
endotsement by providing a platform to distribute and communicate the AfriBasins results and project
developments to the regional governments. LOICZ itself can be only the initiator of project development,
drawing together the regional scientific network and facilitating the provision of international links.
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3.3 Project focus and otrganisation

In accepting the need to adopt an African perspective of catchment-coastal impact problems the workshop
recognised the broad diversity of coastal situations within the region. West African issues, for example,
were significantly different to South African ones. The wotk plans must be prioritised according to these
different situations, taking care to avoid duplication, but the overall project framework should be the same
for all the case studies under the AfriCat umbrella.

The ‘burning issues’ identified by the workshop included:

e the need to clarify the organisational structure of the project, in particular the identification both of the
key institutions that would act as a backbone and of the composition of the Policy Advisory Board (see
below);

e the scarcity of data;

a lack of background socio-economic data across the region;

a concern over the adequacy of existing monitoring data, prompting a suggestion that remote sensing
techniques might be applied to advantage, especially in assessments of, for example, the roles of land
use change and deforestation;

e the general scarcity of flux measurements (water flows and sediment budgets) within the water
continuum,;

e the need for data-building and communication to be essential elements of the case study proposals so
that ensuing policy can be based on high quality science with a robust database; and

e the need to develop a mechanism for relevant databanking and exchange, similar to that established for
example in the IOC-RECOSCIX initiative for marine data.

The workshop affirmed the need for effective sub-regional co-ordination and a scientific co-ordinator for
each study site, working under the general guidance of a Policy Advisory Board (PAB). The overall co-
ordination of the further drafting process was dedicated to the Centre of African Wetlands, Ghana and the
Pan-African START Secretariat (PASS). UNEP-ROA confirmed its suppott in generating the national,
governmental approval for the initiative through the AMCEN process. The AfriCat secretariat should
foster effective policy linkage by involving ministers with responsibilities for water resources, environment,
tourism and development, as well as regional bodies such as SADC, river and coastal development
authorities where these are established, and relevant NGOs.

Within the AfriBasins netwotk the key contact persons identified for each of the case study sites (Table 3.1)
agreed to assist in further developing specific research proposals and to investigate the options for potential
funding on national and international levels. The workshop reiterated that, regardless of whether national
or international financial support was targeted, the initiative and detailed networking requirements at site
level would need to come from the regional scientific community. LOICZ could provide a framework and
assist in sustaining the necessary links. AMCEN was identified as an appropriate platform to facilitate the
governmental approval for the various site study plans in the broader context of the Abidjan Declaration.

3.4 Demonstration sites

In the selection of demonstration sites (Lable 3.1) the workshop sought to provide coverage of key issues
and representation of the sub-regional river-coast classes. Another aspect considered was the availability of
data; an AfriCat work proposal should have a foundation in as much existing data as possible, although it
was recognised that data availability and reliability will vary widely over the sites identified. The chosen
catchments are mostly large, greater than 200,000 km?, and extend over several countries thus involving a
range of transboundary issues.

For the eastetn side of the region, the inclusion of the Nile was confirmed, plus the Tana and Sabaki rivers

as a linked site, the Rufiji, the Zambezi and the Incomati. For the Incomati site, the study could be built on
earlier assessment and planning efforts conducted at the University Eduardo Mondlane and a draft trilateral
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project plan between Mozambique, South Africa and Swaziland, all of which were developed with support
of the Coastal Management Centre of RIKZ in the Netherlands. A project on the integrated evaluation of
riverine fluxes to the Maputo Bay region, “Catchment2Coast” recently funded by the European
Commission, can be associated with the AfriCat project. This could be a key exercise in a continued
second phase of the global LOICZ programme. For the western coast six sites wetre confirmed as
providing suitable case study opportunities for AfriCat — the large catchments of the Congo, Cross, Niger,
Volta and Senegal, and a group of small and medium catchments in Morocco.

Table 3.1 Demonstration sites for key case studies of catchment—coastal sea systems in Africa

////// i

Moroccan o Semi-arid climate Da.mmmg Good coverage of M. Snoussl
catchments regime, small to flux data  within
mildr?um catchments Agriculture catchments, but few
with  high  seasonal comprehensive
runoff variability studies on coastal
linkage. Database to
e Nutrients and  the be generated
ecosystem, coastal ] )
erosion/sedimentation, Socio-economic
salinisation profiles and analysis
should be integrated
and the results could
be transposed to
other north-west
African catchments
2. West Africa | Senegal, e  Transboundary Damming Fair cover of recent | I. Diop,
Volta, Niget, catchments under | Deforestation | biogeochemical data A Kane
Cross strong  and recent Socio-economic ’
human influence . . G. Umoh,
information, sectoral .
.. O. Martins
Coastal erosion statistics, I1/O etc. >
expected to be rather | C. Gordon
Changes in nutrient limited; however,
supply and habitats due baseline project
to changes of material development
transpotts undertaken in the
Volta case (PDF-B
status).  Association
with  AfriCat and
coverage of
complementary
issues is suggested.
3. Congo Congo Nutrients Uncontrolled | Apparently very tha
urban growth | limited
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loads and pollution partly have to
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Rufyji e  Medium catchment in a | Potential Data, particularly | A. Ngusaru
mons dominated damming time series, generally
climate . ty  limited. D
Agriculture generation would b
Delta discharges High ary.
through MANGIOVE | 160]
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tine, richly
Mafia matine
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p
biodi
park

1. Central/ |Zambezi o Large transboundary Damming No  comprehensive | T, Forbes,

h .
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A
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ment with h stud wvailable;
southern t v in inveZﬁgaﬁon would | I Mhlanga
Mozambique frica pattly ha
generate data.
sion and changed
material inp
Incom: Transboundary Damming Reasonabl ge | A. Hoguane,
hm with strong of biogeochemical F. Tauacale
CCCCC al ignals of and oth it
and salinisation data,
e  Medium ranked | Agticulture Earlier assessment
eutrophication and | Urbanisation | and project
biodiversity loss effec developmy d
out with support
from CMC-RIKZ —
The Hague.
Maputo Bay | e  Receives inflow from | Damming Project with potential | P. Monteiro
(including transboundary for association to
Incomati, catchments with strong “AfriCat”.
Maputo and | coast: al signals of Catchment2Coast
Umbeluzi erosion and salinisation Integrated modelling
rivers) of catchment -coastal
® Medium anked Agticulture resource interaction
eutrophication and | {Jyhanisation | and management
biodiversity loss effects advice — EU funded.
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3.5 Suggested “AfriCat” design

African Catchments — AfriCat

(Biogeochemical and Socio-Economic Dimensions of Catchment/Island-based loads to the Coastal Zones
of Africa). This section gives a brief overview of the projected design of a comprehensive AfriCat umbrella
project reflecting discussions during the AfriBasins assessment and synthesis process. ‘The workshop
adopted the design as a useful basis for an issue-driven project brief to be refined and developed by the
regional scientists.

Introduction

Assessment and modelling of material transports to the coast considering river catchments and their
associated coastal zone as one system should identify the loads to the coastal zone and determine which of
the observed changes in the coastal zone can be attributed to human activities zersus natural forcing. The
actual impact observed/modelled depends on its biophysical properties. The regional system itself is
subject not only to outside (long-term) pressures and drivers such as climate change but also to global
soclo-economic trends and changes. The integration of natural and social sciences required to address
issues like critical concentrations and loads as well as resilience and catrying capacity uses the DPSIR
framewotk, developed by the OECD and adapted.

DPSIR Framework (OECD) modified for application in LOICZ
“Regional - Cat” studies including critical load and threshold concepts

-
£ 1 ¢
«, 15
£\ |&
= of % 4
Zs | £
TEnl <
S .
%% Figure 3.1 The
& DPSIR framework
§ applied to the
=

catchment — coastal
sea continuum.

Structure

The AfriCat project is planned to cover between 6 and 10 regional catchments as study sites in Africa (see
Table 3.1) exhibiting a range of characteristics with regard to coastal zone systems, habitats and their
changes. They will be representative of a sub-region and the methodology applied aims to make
intercomparison and up-scaling to broader African sub-regions possible. A set of sites may also be
considered from the petspective of a common driver affecting catchment/coast systems e.g. damming thus
enhancing the potential for comparison. Comparisons beyond the region will be possible through the
global effort under the aegis of LOICZ.

To make the project manageable it is suggested to divide the effort into workpackages. Not all case studies
will have all the necessary expertise available. Hence each workpackage will have a scientific co-ordinator
with responsibility for contents and deliverables and will initiate (as necessaty) capacity building across the
sites and beyond. At case study level the site manager will take responsibility for the regional work
packages. The workpackage co-ordinators and the site managers constitute the management team. Initial
studies do not have to cover all the workpackages but will follow a common framework addressing the
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ptiority issues/drawbacks (e.g., dearth of data) of their site and implement the most critical workpackage in
a first instance. Additional support will need to be generated later for a broader coverage of workpackages.

Workpackages - General Remarks

Significant parts of the assessment and synthesis will focus on improving understanding of how present
activities in the catchment determine land-based fluxes and their impacts in the coastal zone. Emphasis will
be on quantifying the type and scale of this relationship and elaborating on the implications for coastal

resource use.
However, for the putposes of modelling and forecasting (Figure 3.2, right side), addressing the temporal
scale of ‘change’ is also of scientific relevance. This is particulatly important if the detrimental economic

activities in the river catchments/islands causing coastal change ate likely to continue.

Analysis will include information on previous fluxes where available. It is anticipated that the scarcity of
even recent information will make primary data investigation necessary in several cases.

Regional Analysis of past and present Regional Analysis of future behavior

4 Behavior of the
Catchment to
1inputs, temporal

< g
= &
e &
2 2
% E
2 based on CL and i
= | | Istitutional analysis | Y = m = = — socio-economiic :
& Coast benefit of past drivers P
management Multi -criteria
analysis based on
stakeholders

Figure 3.2 A potential “AfriCat” workplan.

The project database will include an inventory of land use in selected tiver catchments in Africa and an
elucidation of their cause-effect relationships to coastal impact and state of coastal resources.

The ‘human dimension’ of fluxes to the coastal zone will be addressed as part of a study of comparative
resource economics. The main objective will be to make a site-based macro-economic analysis of the
impacts of the catchment economy on the coastal zone economy.

Finally, the proposed project will be concerned with management implications of the research findings,

which will be communicated to the coastal user community through advisory boards. Scenarios

representing various forcing conditions will provide information on biogeochemical changes and key

questions in the realm of coastal management addressing issues such as:

e scaling of coastal change issues resulting from land-based fluxes and efforts for mitigation, i.e. specified
land-use practices;

e technical and economic feasibility of modified land-use practices;

®  economic instruments applicable for enforcement of improved changes in land use;
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e types of public education and community participation needed to bring about approptiate changes
(management response);

® institutional dimensions (national or river basin authorities) needed to formulate and achieve the
desired changes.

Table 3.2. The workpackages in detail.

No Description

1 Databases and tools

2 Impacts, indicators and critical loads

3 Scenarios and response/management options

4 Past, Present and Future changes in catchment fluxes
5 Integration at the African level

In WP 1 most of the effort will go into establishing databases for the catchments and coastal seas
(monitoring data, geographical and socio-economic database). A geographical information system is the
basis for the presentation of all of the spatial data and the results. This will draw on data and information
provided through existing networks and other regional projects.

WP 2 will look at impacts in the coastal zone and derive indicators and critical thresholds for Africa (based
on existing data and available models). Existing natural and social science models and tools will be
combined to make an instrument suitable for carrying out the regional scenarios. With few exceptions there
is only limited information on this topic now available.

WP 3 deals with the development of plausible scenarios of future change, based on available global
scenarios but downscaled to Africa and then to the study sites and the sub-regions they represent. Socio-
economic analysis of the scenarios and present functioning of the coastal zone can draw on experiences (as
appropriate) and links to related LOICZ global activities. It is intended to adapt and use methodologies of
the EuroCat (European Catchments) project such as the software package DEFINITE, to undertake both
cost-benefit and multi-criteria analysis, the latter allowing the inclusion of costs and benefits which cannot
be expressed in monetary terms.

To model catchment fluxes (WP 4) we will rely on models including point and diffuse sources as well as
land cover. Tthe model MONERIS (Modelling Nutrient Emissions in River Systems) can be evaluated and
adapted for African application.

In the second phase databases and modelling tools will be used to analyze past and present behaviour of
the system. ‘ITrend data will be used to assess the past influence within the drainage basin of, for example
land-use change, water regulation management, industrial development and population on fluxes. The
temporal and spatial delay of the response of the coastal sea to these changes at the catchment level
(regulations and socio-economic) will be evaluated and incorporated in the modelling tools. WP 5 will
integrate the results of the individual studies.

A Policy Advisory Board (PAB) will be involved in stakeholder identification, institutional analysis and
cost-benefit analysis of past measures. Dissemination of scientific findings to various target groups will be
a key objective of the PAB.

Products

The project will provide a better understanding of the functioning and changes of African coastal systems
under natural and human forcing. This will be based on an integrative coupling of biogeochemistry and
soclo-economic sciences combined with tools using a typological approach to upscale the findings to areas
for which only secondary information is available (Maxwell and Buddemeier 2002). Loads to the coastal
zone and their critical thresholds for system functioning and thus the status and development of coastal
resources will be addressed in the context of material transports along the whole water cascade as a single
system. AfriCat aims to sets up a framework for analysis for coastal zone managers and will continue to
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contribute on regional scales to the overall global LOICZ assessment and synthesis effort. Products will

include:

e Catchment/Coast evaluation studies and peer-reviewed articles; (Study design will be based on the
“EuroCat”, adjusted to the regional needs, and will either have: a thematic approach, across the region
e.g., driver-oriented across the region, or will select prominent differences between natural and
anthropogenic change signals and combining them in one project or project cluster).

e Regional synthesis for evaluation in the global LOICZ network and the IGBP II integrated earth
system science framework.

e Protocols for integrated assessment, modelling and forecasting for dissemination in training
wotkshops;

e Issue-driven scientific decision support information put in a regional framework for broader
application

The listing of information needs, data gaps and sites with negative trend expectations - “hot spots” -
identified in the synthesis will form the basis for future proposal development. The synthesis will serve as
the major regional focus 1/4 entty to the first global LOICZ synthesis and assessment book (to be
published in eatly 2003). Proposals from this assessment process will seek links to regional initiatives. This
will be promoted through LOICZ and support and close working relationships are likely with START,
UNESCO’s IOC and UNEP/ROA. The AfriCat process, in combination with LOICZ biogeochemical
assessments of African estuaries and regional typology efforts (see LOICZ Newsletter 22, March 2002) will
contribute to the implementation of the Abidjan and Nairobi Conventions (ie. Convention for Co-
operation in the Protection and Development of the Marine and Coastal Environment of the West and
Central African Region, and Convention for the Protection, Management and Development of the Marine
and Coastal Environment of the Fastern African Region).

Eatlier LOICZ-supported studies will provide a sound template for the regional approach for Africa. The
AfriBasins network has started drafting proposals and various agencies have indicated their interest in
funding the activities. Formal and/or operational links to ongoing international efforts such as the ICAM
(Integrated Coastal Area Management) and GOOS (Global Ocean Observation System now COOP,
Coastal Ocean Observation Panel) by UNESCO’s IOC and regional UNEP and GPA activities will be
pursued for global application and use of the outcomes.
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4. CONTRIBUTED PAPERS

4.1 The impacts of human activities on Africa's coastal and marine areas and the implications
for sustainable development

Eric O. Odada

Abstract

African nations are facing a growing number of coastal and marine changes as a result of development and increased
population pressure. Unregulated human activities on land and the coastal changes can be viewed as taking place in a
seties of concentric circles - desertification in the center; deforestation towards the coasts; erosion and pollution on
the coasts; over-exploitation of marine resources, dumping of toxic and hazardous wastes and oil spillage on the high
seas.

There are a number of teasons for this serious situation, including is lack of awareness and understanding of coastal
and marine resources and their interaction with tetrestrial and oceanic processes, aggravated by ineffective coastal and
marine planning and management.

The present status and trends of coastal and ocean development in the Affican region are examined, along with
regional capabilities to implement sustainable development strategies.

Introduction

About 40% of the wotld's population lives within 60 km of the coast. In Africa, trends in population
growth indicate that this figure could tise to 75% within the next century. The lives and reasonable
aspirations for economic advancement of these coastal residents are inextricably linked to the productivity
of coastal and marine resources. The shallow tropical coastal areas bordering the African continent have
traditionally supported highly productive ecosystems from which fish and other aquatic resources have
been harvested. These natural systems provide valuable services in terms of recreation, coastal tourism and
marine transportation in addition to their natural protective and defense functions against coastal erosion
and flooding. Unfortunately, most of the natural resources are over-exploited and the coastal and marine
systems severely degraded by unregulated human activities. Productivity and usefulness of these coastal
and marine areas have dramatically diminished and the prospects for sustainable development are greatly
jeopardized.

There is a general lack of awareness and understanding of the coastal and marine resources and their
interaction with terrestrial and oceanic processes. Ineffective coastal planning and management further
aggravates the situation. Despite the tenets of the 1992 United Nations Conference on the Environment
and Development (UNCED), Chapter 17 of Agenda 21, that coastal states should "commit themselves to
integrated management and sustainable development of coastal areas and the marine environment under
their national jurisdiction”, little has been achieved in the region.

North Africa

The coastal and marine areas in North Africa (Egypt, Libya, Algeria and Morocco) are generally regarded as
developed, although less so than the northern coasts of the Mediterranean Sea. Agticultural run-off and
tivers flowing into the Mediterranean Sea are responsible for substantial waste loads of organic and
inorganic origin.

The biological productivity of the Mediterranean Sea is amongst the lowest in the wotld. Primary
production in the centre of the Mediterranean Sea, and in many coastal areas away from the major rivers or
urban agglomerations, is rather low, and nutrient concentration in the deep waters of the eastern basin are
also very low. However, fishing activities in the Mediterranean Sea have been going on for centuries,
adapting themselves to the local conditions to sustain a very high ratio of catch/production. Several factots
may contribute to this high efficiency, among them, the distribution in time and space of the fertilizing
mechanisms.

71



Eastern and Southern Africa

West and Central Africa

The coastline of western and central Africa is about
8,000 km long and is characterized by marked
diversity. The climate ranges from the Sahara Desert
in the north through a humid tropical belt that
contains two of Africa’s largest rivers, the Niger and
Congo, to desert again in the south - the Kalahari.
The coastal zone shows equal diversity, ranging from
dunes through marshy delta lands and mangroves to
rias with steep cliffs. The continental shelf varies
markedly in width from some 70 km or so in the
Gulf of Guinea to about 4 km off Angola and Zaire
(Figure 2). Even the countties that make up the sub-
region differ markedly, from small island states such
as Sao Tome and Principe to large mainland
countties e.g., Nigeria and Mauritania. Their state of
development also differs: some economies are

based essentially on handicraft and subsistence
farming, whereas others have developed industties.
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The coastal and marine areas of eastern Africa
(Somalia, Kenya, Tanzania Mozambique) and
southern Africa (South Africa and Namibia) (Figure
1) - contain some of the world's most extensive
mangrove forests, vast stretches of seagrass beds,
several hundreds of kilometres of sandy beaches,
limestone cliffs, lagoons and rich coral reefs. These
ecosystems support a wide diversity of plants and
animals, and the derived economic benefits are
essential for a large part of the population. These
coastal and marine environments provide coastal
population and inland communities with food,
minerals, firewood and other vital resources.

Figure 1. The coast of East Africa. 'The dashed
lines represents approximate limits of the
continental shelves in the Western Indian Ocean.
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Figure 2. Coastal erosion problem sites along
the West African coast (Ibe and Quelennec
1989).



Coastal and marine issues in Africa

Growing populations in coastal areas of the African region, expanding coastal tourism, intensified fisheries
and a large number of other economic activities pose an increasing threat that jeopardizes the quality of
these coastal environments. Large-scale destruction of coastal forests and mangroves, lagoons and coral
reefs has caused serious degradation of the environment, affecting the lives of coastal inhabitants and
economic development of the countries in the region. The Seychelles in the western Indian Ocean, for
example, was famous for its luxuriant forests and abundant wildlife. Now, many reefs have been mined for
coral, and mangrove forests on the granite islands have been razed or drained and reclaimed, causing severe
erosion and smothering of coral reefs.

Rapid Popuiation Growth

As the population of Africa increases, coastal and marine environments are assuming greater importance
and need to be protected from pollution, coastal erosion and over-exploitation of matrine resources through
an integrated interdisciplinary and multi-sectoral approach in developing management plans for the coastal
and marine areas of the region.

The total population of the countries in western and central Africa is estimated to be about 175 million, of
whom about 10% live in the towns and villages of the coastal zone (UNEP 1984). Lagos, with >8 million
people and 85% of Nigeria's industry, and Accra-Tema with 60% of Ghana's industry are good examples.
In East Africa, about 84 million people live in the coastal zone. In Madagascar about 40% of the
population lives along the coast. Substantial increases in the volume of sewage and effluent being
discharged into the nearshore waters (mostly untreated) is a risk to human health through contact and
consumption of contaminated seafood. This problem has received little attention in the region, despite
sporadic outbreaks of human diseases attributed to contact with faecal remains on beaches (UNEP 1984).

Sea level rise

The Atlantic and Indian Ocean coasts of Africa are increasingly vulnerable to sea level rise and other
impacts of climate change. The coastlines of eastern Africa, for example, have retreated inwards and
seawards as a result of the rise and fall in sea level due to past climate change (Odada 1991). The
Intergovernmental Panel on Climate Change (IPCC) has estimated an average rate of mean global sea level
tise of about 6 cm per decade over the next century or as much as 1 m in 100 years. This would mean that
vast areas of coastal wetlands and lowlands in the African region would be inundated, shorelines would
retreat by hundreds of metres and protective structures would be breached. Flooding would threaten lives,
agriculture, livestock, buildings and infrastructure. Salt water would advance landward into aquifers and up
estuaties, threatening water supplies, ecosystems and agriculture.

Development of coastal areas

Development is leading to major changes in coastal areas of Africa, such as the construction of towns with
associated industries and the creation or extension of ports and harbour areas, frequently close to areas
suitable for tourism. At Lagos in Nigeria, Victoria Beach has been eroded 2 km inland since the
construction of breakwaters (Ibe 1985). At the Port of Abidjan where the Canal de V1idi was opened in
1950 and a road has been cut through in the area, the beach has since eroded east of the canal.

Activities in the coastal zone often lead to the creation or rapid expansion of municipal centres on the coast
without infrastructure and social services. In Malindi, Kenya, for example, tourism has increased rapidly in
a traditional small municipal centre with extremely limited services and infrastructure. Population growth
rates have reached 20% a year, and authorities are hard-pressed to meet basic needs for sanitation,
education and commercial organisation. Similar situations atrise wherever new coastal zone activities
stimulate extremely rapid growth in new or small existing municipal centres. FEconomic planning is
necessary for the sustainable development of coastal areas.

Coastal erosion and flooding

This is prevalent especially in West and Central Africa (Figure 2). The seriousness of the problem and the
attempts to mitigate the nuisance and negative economic consequences vary. Retreat of the coastline, with
concomitant flooding, causes hazards by removing settlements, destroying agricultural and recreational

73



lands, disrupting harbour and navigational structures and dislodging economic facilities located along
coastal towns (Ibe and Quelennec 1989). Natural factors which facilitate erosion include storm wave
regimes, otientation and nature of the coastline, low relief of the coastal plain, vulnerable sediment budget,
narrowness of the continental shelf, presence of off-shore canyons and gullies, global eustatic tise in sea
level. Man's intervention in the natural environment, by the construction of artificial structures on the
coastline, mining of beach sand, the location of dams on rivers that normally would supply sediment
replenishment to the coastline, the haphazard withdrawal of water from coastal aquifers and reservoirs and
the destruction of mangroves, can exacerbate the impact of natural forces.

Environmental degradation

Coastal degradation is a major problem in the African region. The main sources of pollution from land are:
domestic and commercial sewage and other discharges near coastal towns and cities; agricultural waste
disposal; sand-mining in the coastal zone; erosion and siltation; overcutting of forests such as mangroves
on the coastal strip and timber forests inland. Poor agricultural practice, lack of agricultural land especially
on the islands, over-utilisation, burning, mismanagement and over-exploitation of forest resources have
resulted in extensive deforestation and severe soil erosion. This has caused severe siltation with the
resultant destruction of coral reefs, erosion of beaches and destruction of the coastal mangrove and other
forests. Examples of this are clearly seen in Madagascar, the Comoros and many other parts of Africa.

Environmental values and natural resources factors have not always been integrated into development
plans. Industrial expansion has often been carried out at the expense of the environment. Economic and
social development, both utban and rural, has tended to deplete natural resources and damage the
environment and amenities. Development of ports and harbours, reclamation for construction and
dredging also cause coastal erosion and siltation. Such work has been common in the African region during
the past two decades without due consideration given to the environmental impacts. Extensive dredging
has been carried out in the Seychelles within the last decade leading to severe siltation of the coral reefs
within the marine park and along the east coast of Mahé (UNEP 1984). In coastal areas of Tanzania,
Mozambique, and Mauritius, dynamiting of coral reefs as a means of catching fish has resulted in serious
environmental degradation of the coasts and seas. In Madagascar, the wide beaches that previously
attracted many tourists to the island have disappeared. In spite of this, many structures are still being
constructed on eroding beaches.

Odl pollution

O1l spillage due to accidents, grounding, harbour operations and discharges from refineries in the Eastern
African sub-region can only increase as more and bigger tankers travel through the Indian Ocean. Some
routes used by these tankers are shown in Figure 3. In 1981, 3551x10° tonnes of oil were transported
through the main route from Arabian Sea to Asia. Accidents during tanker discharge operations in
Mombasa, Maputo and Dar-es-Salaam have destroyed large areas of mangrove forests. Oil refineries in
Eastern Africa significantly contribute to oil pollution of the coasts and seas.

West and Central Africa export oil to Europe and America. The coastline lies to the east and is downwind
of the main route of oil transport from the Middle East to Europe (Figure 3). The total volume
transported annually along the Gulf of Guinea, for example, has been estimated to be 706x10¢ tonnes
(Portmann 1978) and the discharge of tank washings from offshore traffic is a significant source of oil on
beaches. However, much of the oil found on beaches is from spills or tank washing discharges from
tankers visiting ports in the region (Portmann e 2/ 1989). In the Ebrie Lagoon, Ivory Coast (Marchand
and Martin 1985) a wide range of concentrations (1000-24000 mg/kg) of total hydrocarbons was found in
lagoon sediments. The highest concentrations were associated with industrial and domestic sewage
discharges. However, a spill of 400 tonnes of oil at a refinery in 1981 was still cleatly detectable in 1983
(Portmann ef a/. 1989).
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Figure 3. Main routes of oil transport from the Middle East to the Far East and the West around
Africa (British Petroleum 1978).

Coastal tourism

The peoples of Africa have for a long time had visitors from Arab nations, Persia, Europe and other distant
lands. The people are friendly and attractive with captivating life styles, customs and traditions, food
preparation styles, costumes and distinctive artistic styles. In addition, the coastline of Africa is an area of
great physical beauty, rich in living resoutrces. In eastern Africa for example, palm-fringed beaches of white
coral sand lead down to tranquil lagoons enclosed by spectacular coral reefs with their wealth of colourful
fish, shell and corals. For many countries in the sub-region, coastal tourism is one of the most important
sectors of their economies producing foreign exchange.

Although available evidence suggests that before the 1980s tourism in Africa occurred without significant
deterioration in the coastal ecosystem, this is rapidly changing (Odada 1993).

Coastal agriculture

Agticulture is the mainstay of the economy of most African countries. Agriculture contributes between 30-
60 % of their GNP and the majority of the population depends on it for their livelihood. While the
population is increasing rapidly with the subsequent increase in food demand, in most African countties the
land available for agriculture is shrinking because the land is used for non-agricultural purposes such as
housing, industry, roads, playing fields or hotels, and also because good agricultural land is destroyed
through soil erosion, salinization and modification.

Erosion related to deforestation and unwise agricultural practices is prevalent. In Kenya, silt from rivers is
affecting catches of fish, smothering coral reefs and sullying beaches, with serious consequences for fishing
and tourism. The effects of pesticide pollution on marine life are now becoming apparent in many
countries of Africa. The health of humans is threatened by toxins contained in the fish they eat (UNEP
1989). Soil conservation measures and pesticide controls need to be instituted, particularly where
agriculture is being developed.

Over-excploitation of marine resources

In general, the productivity of African coastal waters is dependent on the extent of the continental shelf,
coastal upwellings, mangroves, coral reefs and runoff from rivers. Fisheries reflect the availability of these
factors. For West and Central Africa, the total annual catch of fish in the coastal zone is estimated to be
about 2.6x10¢ tonnes per annum (FAO 1987) and about 10%of the coastal population engages in some
form of fishing activity. At least 30% is canoe fishing, but larger fishing trawlers account for the bulk of
the remaining catch (Portmann e# 2/ 1989). Shrimp and tuna are the main commodities supporting export
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ventures in eastern Africa. The extensive continental shelves of Madagascar and Mozambique support
lucrative shrimp fisheries, while the absence of such areas in island countries make them dependent on
offshote tuna resources.

The most serious problem in most African coastal and marine areas is over-exploitation of resources. Fish,
shellfish, beche-de-mer, dugongs and turtles are all subject to over-exploitation on a massive scale,
especially in East and West Africa, due to burgeoning human numbers coupled with a shortage of land-
based jobs. Kenya's population of over 30 million, for example, is increasing at 4.3% annually, and is
expected to double around 2020, with a consequent increase in demand for land, food, housing, water and
social services. Similar situations in other parts of Africa are straining both terrestrial and marine
ecosystems to breaking point.

Capacity for addressing coastal and marine issues

Institutions which will promote environmental and resource values and assure that they are taken into
account in governmental decision-making are now being established in some countties of the region.

Environmental Policies

Most countries have no explicit policies relating to coastal and marine development. For the land-locked
countties in the sub-region, coastal ports and harbours in other countries represent the only natural outlet
for their imports and exports. The coastal states want to locate more industries on or near the coast to
better utilise the main arteties of transport and communication.

Very little effort has been expended in incorporating socio-environmental concerns in development and
problems discerned in the coastal areas have generally been shrugged off as being an inescapable part of the
development process. Although serious environmental degradation of the marine environment has not yet
occurred, disturbing and perhaps irreversible trends are beginning to appear, some in connection with
activities outside the coastal zone.

Legisiation and Environmental Law

Many countries have formulated regulatory measures for their resources management in coastal and marine
areas, such as the issuance of permits for fishing, logging and mangrove harvesting. However, most of
these measures have proven ineffective. Some countries are now enacting environmental laws which
provide practical frameworks at the national level to implement environmental standards and to regulate
activities. At the international level, conventions like the Law of the Sea, protocols and agreements such as
the UNEP Regional Seas Programme provide a basis for co-operation among countries at bilateral, regional
and global levels for the management of environmental risks, control of pollution and conservation of
natural resources in coastal and marine areas. The groundwork has been carried out over the last two
decades, under the aegis of UNEP, to establish a legal framework to manage regional seas.

Coastal Zone Management

A few countties are in the process of developing management plans for their coastal and marine areas.

In 1992 the Seychelles initiated a plan for coastal zone management under the UNEP Eastern African
Regional Seas Plans, to prepare an inventory of coastal and marine species, the state of coral reefs,
mangroves and lagoons, to assess the extent, nature and causes of coastal and marine pollution and to
identify policy and remedial actions. The project components include training; institutional capacity
building, workshops and provision of laboratory equipment. It is managed from the Department of
Environment, created in June 1989 under the direct leadership of the President of the Seychelles to solve
the environmental problems that stem from a general increase in the population and the rapid development
of the island.

Tanzania is in the preliminary stages of the development of an integrated coastal zone management
programme. In 1991 the country began the process of creating a protected area, to be known as the Mafia
Island Marine Park (MIMP). This marine park will protect the last pristine coral reef ecosystem found in
Tanzania's coastal waters — an area that is important as an economic resources upon which a significant
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coastal and island population group is quite dependent. The Tanzania government petrceives that this
project will serve as a pilot project for Tanzania's integrated coastal zone management.

Coastal and marine resources are valuable assets that can effectively contribute to sustainable development
of the African region. However, uni-sectoral over-use of some resources has caused serious problems.
Indiscriminate harvesting of mangroves brought short-term economic benefits to countries in East Africa,
but was detrimental to fisheries, aquaculture and coastal tourism. Similarly, unregulated fishing efforts and
the use of destructive fishing methods such as dynamiting have destroyed fish habitats and reduced fish
stocks. There is an urgent need for integrated interdisciplinary and multi-sectoral approaches in developing
management plans for the coastal and marine areas of the African region.

Tnstitutional and administrative limitations

Most African coastal states are at present making only minimal use of their coastal and marine resources
owing to limitations in scientific knowledge and technological know-how and to the lack of efficient
organizational and administrative machinery. For example, shipping and navigation setvices, so vital for the
management, control and exploitation of marine resources and for the development of international trade,
are still very much in their infancy in most African coastal states. Marine technology is also very much
underdeveloped in the region. Few countries have marine technology training centres with comprehensive
programmes. The development of sound training and research programmes and effective linkages with the
production system ate basic but important steps towards enhancing the ability of African states to make full
use of their coastal and marine resources.

Institutional and administrative capacities for coastal and marine resources development vary widely in the
region, ranging from countries with a growing capacity and considerable resources to those with virtually
no capabilities. Countries such as South Africa, Nigeria and Egypt already have good infrastructure for the
development of coastal and marine areas, approptiate research and training institutions and other facilities,
governments awate of the crucial role of coastal and marine resources in the development of their
economies, and personnel qualified to undertake integrated management of coastal and marine areas.

Other countries, such as Benin, Gambia and Djibouti, are at a low stage of oceanographic development,
with no substantial infrastructure for the development of coastal and marine resources, research and
training institutions or other facilities, and shortages of trained manpower. Institutional and administrative
capacity-building in ocean affairs should be a top priority in the African region.

Many African countries are confronted with setious manpower problems that are proving to be great
impediments in the economic development of coastal and marine areas. In many cases, there is a lack of
adequate training facilities for the type of manpower required. Although most African countries now have
national universities and other institutions of higher learning, many of these institutions are young, and
have problems with e.g., staffing, equipment and curriculum development. The universities are still
grappling with the fundamental issues such as manpower for the civil service requiring high-level personnel,
such as public administration, school education, public health and agriculture.

Other needs for manpower development, for example training of marine scientists and technologists are
beyond the capability of most African states and need to be met through regional and sub-regional co-
operation. Seminars, workshops and conferences such as those organised by the International Ocean
Institute would be most useful and appropriate.

Measures for addressing issues of coastal and marine areas

As stated in Chapter 17 of Agenda 21 of the 1992 United Nations Conference on the Environment and
Development (UNCED) in Brazil, coastal and marine management must play an important role if resources
are to be exploited in a way that ensures sustainable development to a growing population. To implement

sustainable development of coastal and marine areas of the region, African governments need to

(1) develop human resources by undertaking short-term and academic training to strengthen existing
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capabilities;

(2) promote public awareness by producing educational materials on the ecological and socio-economic
contributions of the coastal and marine resources and the consequences of unsustainable exploitation;

(3) organize policy workshops involving relevant policy and law makers to increase their understanding of
and commitment to the sustainable use of the resources in their coastal and marine areas; and

(4) Implement integrated coastal zone management programmes by establishing case studies in pilot sites
of coastal and island states in the African region.

Capacity butlding

Since the requirements for high level manpower in certain areas of marine sciences e.g., physical, chemical,
biological oceanography, aquaculture, are not so great in terms of numbers needed by any one country at a
time, existing institutions (e.g. universities) in the region suited for teaching and research could specialise as
regional or sub-regional training centres.

Oceanographic research should be carried out on a regional or sub-regional co-operative basis using
collectively-operated research vessels which are well-equipped and well-staffed for all types of
oceanographic research and for the on-board training of marine scientific and technical staff. The co-
ordination of research on a regional scale, the exchange and dissemination of research information and the
storage of research data are important support activities.

Public awareness
African governments need to inctease public awareness of the long-term ramifications of coastal
development. At present the general public is unaware of problems associated with the development of
coastal and marine areas. National campaigns are needed to improve public awareness of national and
regional issues in the protection and development of coastal and marine resources of the region. Education
in the principles of protection and development of marine resources should be part of the ordinary
educational curriculum at all levels, and through seminars and courses offered to the general public.

The Western Indian Ocean Marine Science Association (WIOMSA)has been formed with the secretariat at

the Institute of Marine Science in Zanzibar. Its aims are:

(1) to promote and advance the educational, scientific and technological development of all aspects of
marine science in the region;

(2) to provide a forum for discussion and dissemination of information and organise meetings, seminars
and wotkshops for the presentation of information, findings and expetiences on all subjects related to
marine sciences;

(3) to encourage the suppott of marine science research, and the development and educational activities
by government agencies and private sector; and

(4) to collect and disseminate scientific, technical and other information on marine sciences.

Environmental Legislation

Environmental legislation is providing practical frameworks at national levels to implement environmental
standards and to regulate activities in coastal and marine areas of the African region. At the international
level conventions, protocols and agreements provide a basis for co-operation among countries at bilateral,
regional and global levels for the management of development activities, and control of pollution and
conservation of marine resources. However, African states urgently need to review and where necessary
expand, update or strengthen national legislation and regulation pertaining to the protection and
development of the coastal and marine areas. The enforcement of national regulations related to coastal
and marine resources protection and development needs to be improved. There is an urgent need to
expand the accession to and ratification of international conventions, such as the Law of the Sea, and
institute mechanisms at national levels to ensure their application.

Management Planning

The value of coastal and marine areas as entities within the framework of national development planning is
not always recognised in Africa and many countries lack the administrative and legislative basis for
implementing such an approach. Industrial expansion such as construction of ports and harbours has often
been carried out at the expense of the environment. Economic and social development, both in the coastal
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cities and the coastal zone, has tended to deplete natural resources and damage the environment and
amenities. To solve these problems, the countries of the African region need to develop an integrated
interdisciplinary and multi-sectoral approach in their management plans for coastal and marine areas. Pilot
coastal sites could be established in one or two countries in each sub-region, with intensive interdisciplinary
involvement of resources and scientific personnel from universities, government agencies and non-
governmental organisations. In addition, training courses, workshops and conferences should be organised,
and publications and educational materials disseminated as part of the integrated coastal and marine
resources management planning.

Summary and conclusion

The coastal and marine environments of the African region are uniquely situated to support a variety of
activities and to serve diverse human needs for food, transport and recreation. However, the pressure of
growing populations in coastal zones, expanded coastal tourism, intensified fisheries, and a large number of
other economic activities pose an increasing threat which jeopardise the quality of these coastal and marine
environments. The large-scale destruction of some of Africa's most valuable resources, the coastal forests
and mangroves, the lagoons and coral reefs has caused serious degradation of the environment, affecting
the life of the coastal inhabitants and the economic development of the countties of the region.

In the 1992 United Nations Conference on the Environment and Development (UNCED), protection of
the coastal and marine environments to ensure sustainable use of natural resources was at the top of the
agenda for action. Under Agenda 21, coastal states should "commit themselves to integrated management
and sustainable development of coastal areas and marine environment under their national jurisdiction".
The Conference further noted the importance of national policies and management capabilities for
integrating the development and management of multi-sectoral activities in coastal and marine areas.

There are as yet no comprehensive study programmes covering the whole spectrum of matine science and
technology.

To implement sustainable development of coastal and marine resources of the African region, there is an
urgent need to: (1) build human resources by undertaking short-term and academic training to strengthen
existing capabilities; (2) promote public awareness by producing educational materials on the ecological and
soclo-economic contributions of the marine resources and the consequences of unsustainable exploitation.
(3) organize policy workshops, seminar and/or conferences involving relevant policy and law makers to
increase their understanding of and commitment to the sustainable use of the resources in their coastal and
marine areas, and (4) implement integrated coastal zone management programmes by establishing case
studies in pilot sites in selected countries of the African region.
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4.2 The sub-Saharan African coastal zone: assessment of natural and human induced changes

Larry Awosika

Abstract

The coastal zone of sub-Saharan Africa stretches from Mautitania to Cape Town (South Africa) in the west and Cape
Town to Somalia in the east, encompassing a total of 32 countries. The large matine ecosystems in these coastal
regions consist of the Canaty Current, Guinea, Benguela, Agulhas, Somali and Mascarene ecosystems. The African
coastal zone consists of batriet/lagoon systems, wetlands, mangrove swamps, marshes, sloughs and estuaries that
form majot habitats for a wide variety of flora and fauna. The largest wetland in the region is the Niget Delta which is
1,794,000 ha consisting of 617,000 ha of saline and 1,177,000 ha of freshwater swampland. Other important wetlands
include the Okovango Delta and the Kafue River flood plains. Most of the largest river catchment basins in Africa are
found in West Africa. For example the Niger/Benue, Congo, Orange, Gambia ate major rivers which form major
catchment basins, draining the West African pre-Cambrtian craton and the coastal ateas. The population of Africa is
approximately 650 million. According to the World Bank, Africa’s coastal population will continue to grow at a rate
of no less than 3% per year. With this growth rate, the population in the coastal urban area is expected to double
within the next 30 years and by the year 2025, the urban coastal population will increase from a mean of 200
inhabitants/km? to 500 inhabitants/km?. The high socio-economic activities within the coastal zone of the region
stem from the fact that the coastal zone is blessed with a vatiety of resources which include fisheries and fauna
resoutrces, oil and gas, non-fuel minerals such as diamonds, sand and heavy minerals, natural habitats such as wetlands,
mangroves, estuaties, coastal agricultural land, and recreational and scenic resources including beaches, coastal lagoons
and estuatries.

Coastal areas of sub-Saharan Africa are presently experiencing coastal degradation in the form of coastal pollution,
coastal erosion, siltation, flooding, deforestation, salt-water intrusion and subsidence. Many of these problems are
caused or exacerbated by exploitation of coastal resources. Coastal erosion is the most prevalent coastal hazard in
West and East Africa. Annual erosion rates of 25 to 30 m have been observed along the Victoria Beach in Lagos.
Although natural causes like low coastal topography, high wave energy and the nature of sediments are responsible for
these high rates of erosion, anthropogenic activities such as construction of harbour-protecting structures, jetties,
beach sand-mining, construction of dams upstream and deforestation are mostly responsible for the high rates of
erosion. Rapid growth of towns and industries in the region has contributed to the clearing of large areas of virgin
forest. The net deforestation rate for tropical Africa is estimated at 3.6x106 ha/year representing about 0.67 of the
total forest reserves of tropical Africa. Cutting down of mangroves for firewood and construction of houses has been
blamed for the depletion of about 50% of the mangroves in Nigetia. The need to generate cheap and abundant
electricity, water for irrigating dry land and development of inland fisheries led to the damming of many of the major
rivers in the continent. Trapping of sediments behind the dams is deptiving the coastal ateas of sand. Such
deptivation of sediments along the coastline is exacerbating coastal erosion and flooding. In some areas, excessive
sediments are being generated as a result of anthropogenic activities. Excessive generation of sediments from upland
areas also causes sedimentation downstream. The silting up of Kotlee Lagoon in Ghana is a classic example. The
Koba coastal rice field in Guinea is also suffering from excessive siltation by sediments generated from the upland
areas. Oil exploration, exploitation and other related activities have led to frequent oil spills, deforestation, subsidence
and subsequent pollution of the marine environment. Global climate change and associated impacts like sea-level rise
and flooding have had serious impacts on the socio-economic activities in both the West and East African regions.
The coastal nations of West and Central Aftrica (e.g. Senegal, Gambia, Sierra Leone, Nigeria, Cametroon, Gabon and
Angola) have low-lying lagoonal and erosive coasts and hence are likely to be threatened by sea-level tise.
Environmental hazards facing sub-Saharan African coastal areas are great and need urgent and holistic approach.
Although local and tegional approaches may be necessary in some areas, many of the problems cut actoss
international boundaries. A holistic approach to all environmental hazards calls for Integrated Coastal Area
Management (ICAM) that will have a regional approach.

Introduction

Sub-Saharan Africa encompasses countries approximately south of the Sahara Desert to South Africa,
including island states. This part of Africa is broken into two geographical regions: West and East Africa.

The West African coastal zone from Mauritania to Cape Town (South Africa) includes 22 countties:
Mauritania, Gambia, Senegal, Cape Verde, Guinea Bissau, Guinea, Liberia, Sietra-Leone, Cote d’Ivoire,
Ghana, Togo, Benin, Nigeria, Cameroon, Equatorial Guinea, Sao Tome and Principe, Congo, Zaire,
Angola, Gabon, Namibia and the western part of South Africa (Figure 1).
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Figure 1. Coastal states of sub-Saharan Africa.

The East African sub Saharan countries include: South Africa, Mozambique, Tanzania, Kenya, Somalia,
Madagascar, Comoros, Mauritius and Seychelles. The landward extent of the coastal zone in these regions
is not well defined. However, the shelf break is regarded as the ocean seaward. The width of the shelf
break varies from about 10 km to about 200 km. Table 1 shows coastal length and marine areas of sub-
Saharan Africa. The large marine ecosystems in these coastal regions comnsist of the Canary Current,
Guinea, Benguela, Agulhas, Somali and Mascarene ecosystems (Figure 2).

Coastal morphology
The major geomorphic features of the FEastern Atlantic Shelf in West Africa are bathymetric undulations
consisting of sand shoals in the inner shelf, submarine canyons like Cayar Canyon in Senegal, Trou San

Fonds in Cote d'Ivoire, Avon, Mahin and Calabar Canyons in Nigetia, and Congo Canyon in the Congo as
well as other smaller gullies.
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Table 1. Coastal length and marine atea of sub-Saharan Africa states (compiled from World
Resources 1994-95).

Country Length of Matitime area (x103 km?)
coastline (km) Shelf width to EEZ
200 m depth
Angola 1,600 66.9 605.7
Benin 121 7.0 271
Cameroon 402 10.6 15.4
Cape Verde 965 X 789.4
Congo 169 8.9 24.7
Cote d’Ivoire 515 10.3 104.8
Equatorial Guinea 296 X 283.2
Gabon 885 46.0 213.8
Gambia 80 X 19.5
Ghana 539 20.9 218.1
Guinea 346 38.4 71.0
Guinea Bissau 274 X 156.5
Liberia 579 19.6 229.7
Mauritania 754 44.3 154.3
Namibia 1,489 X X
Nigeria 853 46.3 210.9
Sao Tome and Principe 215 X X
Senegal 531 31.6 205.6
Sierra Leone 402 26.4 165.7
Togo 50 1.0 2.1
Zaire 37 1.0 1.0
Comoros 340 X 249
Kenya 536 14.4 118
Madagascar 4,828 180.4 1,292
Mautitius 117 91.6 1,183
Mozambique 2,470 104.3 562
Reunion* 201 X X
Seychelles 491 50 1,349.3
Somalia 3,025 60.7 782.8
Tanzania 1,424 41.2 223.2
South Africa 2,881 143.3 1,553.4

X - No available data
* Reunion is geographically in Africa but politically part of France

Sedimentary fans, especially off the mouths of major rivers like the Niger Delta, dead Holocene coral banks
(Allen and Wells 1962; Awosika 1990) and rocky bottom especially off Cape Three Points in Ghana, are
other features of the shelf. A chain of narrow volcanic islands lies off Cameroon while the Guinea and
Walvis (off Namibia) ridges emanating from the mid-Atlantic ridge constitute other sea-bed topographic
and geomorphic highs in the shelf.
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these have originated from coral reefs during the Pleistocene era (about 1.6 million years ago). The main
cause of their formation is the long-term variation in sea level.

The western and northern coasts of Madagascar have a wide continental shelf. Comoros and Mauritius are
surrounded by deep waters that begin at a few hundred metres to several kilometres offshore. There are
some shallow banks around the Rodriguez Islands and other dependencies of Mauritius. The coral islands
in the Seychelles are characterised by the absence of extensive shelves.

Major ecosystems on the East African coast include mangrove forests, both in estuaries and in non-
estuarine areas, fringing coral reefs and patch reefs, sandy and rocky beaches, and extensive intertidal flats.

Socio-economic activities and developments

The sub-Saharan African coastal zone is the socio-economic nerve centre of the continent. The coastal
region harbours the largest population density, industries and other commercial activities. The population
of Africa is approximately 650 million (World Bank 1995b). According to the World Bank, Africa’s coastal
population will continue to grow at a rate of no less than 3% per year. With this growth rate the population
in the coastal urban area is expected to double within the next 30 years and by the year 2025, urban coastal
population will increase from a mean of 200 inhabitants/km? to 500 inhabitants/km?.

In West Africa, a large percentage of the urban population lives in coastal cities (Table 2). In Nigeria, for
example, about 20 million people (22.5% of the national population) live along the coastal zone while in
Senegal about 4.5 million people (66.6% of the national population) live in the Dakar coastal area. In
Guinea-Bissau 79% of the national population is concentrated in the coastal areas of the capital. Most
capitals and industrial cities, e.g., Dakar, Abidjan, Accra, Lagos, Dar es Salaam and Maputo, are located in
the coastal zone. In 1994, the combined population residing in the coastal zone of East Africa was
estimated at 19 million, of which Kenya, Tanzania, Mozambique and Madagascar constituted 95%. It is
estimated that 30% of South Africa's population live within 60 km of the coast. The population growth
rates of mainland states of East Africa are generally high, ranging from 2.8% to 3.3%. However, the utban
population growth rate is much higher than the observed national average ranging from 5.0% (Mombasa)
to 7.2% (Maputo) per annum.

In some countries, marine resources form the main economic life wire of the GDP. For example, oil and
gas are the main foreign exchange earners for Nigeria, Gabon and Angola, while coastal fisheties constitute
a large percentage of the GDP of Ghana, Senegal, Cape Verde and Equatorial Guinea. Coastal toutism is
also responsible for a large part of the economy of Gambia, Senegal, Céte d’Ivoire, Kenya, Tanzania, the
Seychelles and South Africa.

Most of the industries are located in the coastal zone due to accessibility to the sea. About 60% of the
industries in the Gulf of Guinea states are located within the coastal zone (UNDP/GEF 1993). About 27
oil refineries and associated oil-related industries are in the Gulf of Guinea region.

About 90% of the industries in Senegal are located within the Dakar coastal zone. In Ghana as well as
Benin, Togo and Sierra-Leone most of the economic activities that form the backbone of the economy are
located within the coastal zone. There are also many local-scale industries consisting of textiles,
pharmaceutical and plastic industries dotting the coastal zone. The coastal areas also form the main import
export centres and food supplies for the landlocked countries of Africa.

Resources

Sub-Saharan African coastal areas are blessed with a variety of both living and non-living resources, which
include:

e fisheries and faunal resources;
e oil and gas, non-fuel minerals such as sand, heavy minerals;
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e natural habitats such as wetlands, mangroves, estuaries;
®  coastal agricultural land; and

® recreational and scenic resources including beaches, coastal lagoons and estuaries.

Table 2. Populations in the coastal zone in relation to country population and area (from Africa: A
framewotk for ICZM 1996).

Country Country Coastal Coastal pop.|Country |Coastal |Coastal area
pop. 1994|pop. 1994(as %  of|atea area as % of
(millions) [(millions |country pop. |(km?) (km?) country area
West Africa
Angola 11.53 2.89 25.07% 1,245,828 195,410 7.66%
Benin 5.18 1.86 35.91% 116,266 7,248 6.23%
Cameroon 13.22 1.57 11.88% 465,425 29,378 6.31%
Cape Verde 0.41 0.41 100.00% 4,288 4,288 100.00%
Congo 2.32 0.35 15.09% 345,196 (11,538 3.34%
Cote d’Ivoire 13.5 3.74 27.70% 322,770 (32,843 10.18%
Eq. Guinea 0.39 0.21 53.85% 27,207 13,414 49.30%
Gabon 1.56 0.65 41.67% 261,764 [53,060 20.27%
Gambia 0.94 0.5 53.19% 11,373 4,147 36.46%
Ghana 16.7 5.47 32.75% 239,312 [27,044 11.55%
Guinea 6.24 1.35 21.63% 245,156 |25,175 10.27%
Guinea-Bissau 1.09 0.87 79.82% 33,101 22,351 67.52%
Liberia 2.9 1.3 44.83% 96,826 31,477 32.51%
Mauritania 22 0.22 10.00% 1,041,970 139,291 3.77%
Namibia 1.55 0.04 2.58% 818,346  [87,802 10.73%
Nigeria 97.23 19.29 19.84% 913,612 [65,880 7.21%
Sao  Tome &[0.13 0.13 100.00% 856 856 100.00%
Principe
Senegal 8.12 4.37 53.82% 197,836 135,058 17.72%
Sierra Leone 4.55 2.15 47.25% 71,706 25,802 35.98%
Togo 4.05 1.37 33.83% 57,334 4,570 7.97%
East Africa
Comoros 0.63 0.63 100.00% 2,030 2,030 100.00%
Kenya 25.84 1.66 6.42% 588,045 32,447 5.52%
Madagascar 13.05 4.8 36.78% 592,797 |242,745 |40.95%
Mauritius 1.1 1.1 100.00% 1,328 1,328 100.00%
Mozambique 16.6 5.62 33.86% 789,508 162,938 |20.64%
Reunion 0.64 0.64 100.00% 2,036 2,036 100.00%
Seychelles 0.07 0.07 100.00% 210 210 100.00%
Somalia 9.65 3.79 1.88% 2,507,302 (46,217 1.84%
Tanzania 28.39 4.61 16.24 942,654 [57,225 6.07%
South Africa 40.72 12.4 30.45% 1,216,919 |152,734 |12.55%

Fishery resources

Fish 1s the most important source of dietary animal protein in Africa. FAO estimated (FAO 1996) the total
fish harvest potential at about 7.8 million in salt water fisheries and 2.7 million in fresh water fisheries. The
total salt-water fish harvested by countries of the region amounted to 3.9 million tones in 1994 (this figure
excludes the production of foreign fleet that does not land in the region). Off the eastern coast of Africa
catches represent less than 10% of the total regional harvest (foreign and domestic catches combined). The
coastal and marine areas provide about 90% of the fish production in the majority of countries in the
region. Fishing is one of the largest industries in the East African islands of the Seychelles, Mauritius,
Madagascar and Comoro. A large part of this fishing industry is composed of artisanal fishermen. For
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example, artisanal fisheries in the Seychelles exported an estimated 367.13 tonnes of fish in 1994,
representing approximately one-third of total export of fresh and frozen fish from the Seychelles. The
South African commercial fishing industry is worth about USD 10.2 billion annually. Table 3 shows some
fishery statistics of some countries in the region. Targeted fish species in the East Central Atlantic include
herrings, sardines, red fish, and tuna and jack mullet.

Increased and uncontrolled fishing methods employing unethical harvesting methods are leading to a
decline in fisheries. Fish catches in many African states have shown a systematic decline since 1974. The
infection of coastal waterways by floating weeds has led to a decline in fishery activities due to clogged
waterways, estuaries and lagoons, for example in Abidjan, Lakou Lagoon in Benin and Lagos Lagoon in
Nigeria. Uncontrolled exploitation of the fisheries by foreign vessels is also leading to depletion of some
fish stocks.

Table 3. Average annual marine fish catch and percentage change of coastal states in sub-
Saharan Africa (Wotld Resources 1998-99).

Country Average Percent change
1993-95 (10> mT) | 1983-85
Angola 77.5 1
Benin 13.5 192
Cameroon 41.9 25
Cape Verde 11 248
Congo 17.5 8
Cote d'Ivoire 57.5 (22)
Equatorial Guinea 3.3 15
Gabon 240 28
Gambia 19.5 124
Ghana 299.6 34
Guinea 60.3 130
Guinea Bissau 5.3 75
Kenya 107.6 86
Liberia 3.8 (61)
Madagascar 85.1 180
Mauritania 86.6 0)
Mauritius 19.0 74
Mozambique 24.8 27)
Namibia 304.5 2,336
Nigeria 187 14
Senegal 329.7 41
Sierra Leone 471 34
Somalia 15.4 (3)
South Africa 552 (32)
Tanzania 243.4 68
Togo 8.7 (23)

Negative numbers are in parentheses

Oil and gas

Though oil and gas are found mainly in a few countries of the region, they constitute probably the most
important coastal resource in the region (Table 4). Oil and gas form the main source of foreign exchange
earner for Nigeria representing almost 90% of income for the country. In 1990, production of oil from the
coastal zone averaged approximately 1,800,000 batrels per day. In the same year, the proven resetve base
rose from an estimated 16.5 billion barrels to almost 18 billion barrels. In addition, the country has 85 TCEF
of proven gas reserves and a further 15 TCF of probable gas resetrves. Other countries with oil and gas
reserves include Cameroon with about 65 million metric tons of crude oil and 60 billion cubic metres of
natural gas, Cote d' Ivoire with 15 billion cubic metres of ctude oil and 60 million cubic metres of nhatural
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gas. Other countries in the region have intensified exploration for crude oil and natural gas in their coastal
zone. As at 1984, Ghana has been able to strike a reserve estimated at about 1 million cubic metres of
crude oil in the coastal zone.

The only gas deposits in East Africa are found on the Tanzanian coast. These deposits are found in Songo
Songo and Mnazi Bay in southern Tanzania and steps for their exploitation are under way.

Non-fuel minerals

Although oil and gas form the most important mineral resources in the coastal zone, other non-fuel
minerals like sand, heavy minerals (hematite, goethite illmenite, magnetite, and zircon), limestone, and
diamond exist both on land and offshore. However, due to the lack of adequate technology, only sand is
presently being exploited mainly for beach nourishment and construction. The nearshore environment and
the lagoons have abundant sand usually mined for construction, block moulding and beach nourishment.
In Nigeria for example, over 14x10¢ m3 of sand were dredged from offshore borrow pits between 1960 and
1990 to nourish the fast-eroding Victoria Beach. About 13x10¢ m? of sand were dredged from the Lagos
Lagoon between 1990 and 1991 to nourish the Lekki scheme development project area (Awosika and
Dublin-Green, 1994).

Quarrying for sand and limestone occurs in all countries of the East Africa. For example, the annual
demand for fine aggregates in Mauritius is 1.5x10° tonnes and approximately 800,000 tonnes of sand are
extracted from the lagoon areas. Sand mining in lagoons, beaches and coastal dunes is causing extensive
beach erosion in the region. Titanium deposits are found in the estuarine areas of the Zambezi River and
the coastal area north of Dar es Salaam.

Along the west coast of South Africa and in Namibia are rich diamond deposits. These diamond deposits
were first discovered in 1908 by an ex-Kimbetley labourer. By 1925, prospecting for diamonds covered the
80 km strip from Port Nolloth to the Orange River. The land-based diamond reserves are nearing
depletion and decommissioning of the mines is being considered.

Table 4. Oil and gas reserves of some countries in sub-Sahara Africa (compiled from Wotld
Resources 1994-95).

Country Crude oil (1992) Natural gas (1992)
thousand tonnes million tonnes
Benin 117 10
Cameroon 65 95
Cape Verde 0 0
Cote d' Ivoire 3 100
Equatorial Guinea 1 3
Gabon 190 11
Gambia 0 0
Ghana 0 0
Guinea 0 0
Guinea Bissau 0 0
Liberia X X
Madagascar 0 0
Mautitania X X
Mauritius 0 0
Mozambique 0 0
Nigeria 2,040 3,398
Senegal 136 0
Sierra Leone 0 0
Tanzania 0 28
Togo X X
Zaire 11 28
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FEreshwater resources: surface and groundwater

Most of the largest river catchment basins in Africa are found in West Africa. The coastal zone of eastern
Africa is comparatively dry. Table 5 shows statistics of the 10 largest surface river bodies in the sub-
Saharan African region. These rivers form major catchment basins which drain the African pre-Cambrian
craton. These rivers cut across international boundaries and provide fresh water for millions of Africans
along the banks and even beyond the riverbanks. This results in heavy pressures on surface water
resources. Many of these rivers have also been dammed for hydroelectric generation as well as for
irrigation. The groundwater resources of the coastal areas consist of unconfined aquifers with high water
tables. This makes most of the water resources susceptible to saltwater intrusion and contamination from
raw sewers and other pollutants.

Surface water supply is an important resource both for domestic and industrial uses. About two thirds of
the urban population in coastal areas of Africa are without safe drinking water even though there are river
netwotks and creeks, as well as abundant groundwater resources. By the year 2000 about 300 million
Africans risk living in a water scarce environment, and by 2025, the number of countries expetiencing water
stress will rise to about 18, and more than 600 million people will be affected (Wotld Bank 1995a).

Many of the rivers entering the Indian Ocean from continental East Africa have been dammed for
generating electricity, irrigation and in some cases flood control. These projects have modified river flows
and have led to increased surface water runoff, soil erosion, transportation of pollutants and aggravation of
water shortage. The island states in both West and Fast Africa depend mostly on groundwater for both
domestic and industrial uses due to lack of large, all-season-flowing rivers.

Table 5. The ten largest sutface water bodies in sub-Saharan Africa with drainage areas more than
350,000 km? (Rangeley ez al. 1994).

Basin No. of Basin area | Basin countries
countries (1,000 km?)

Congo 9 3,720 Zaire, Central African Republic, Angola, Congo,
Zambia, Tanzania, Cameroon, Burundi, Rwanda, Sudan

Niger 9 2,220 Burkina Faso, Benin Cote d’Ivoite, Chad, Niger, Central
African Republic, Nigeria, Sudan, Cameroon

Zambezi 8 1,420 Zambia, Angola, Zimbabwe, Mozambique, Malawi,
Botswana, Tanzania, Namibia

Orange 4 950 South Africa, Namibia, Botswana, Lesotho

Okavango 4 529 Botswana, Angola, Namibia, Zimbabwe

Limpopo 4 385 South Africa, Botswana, Mozambique, Zimbabwe

Volta 6 379 Burkina Faso, Ghana, Togo, Cote d’Ivoire, Benin, Mali

Senegal 4 353 Mali, Mauritania, Senegal, Guinea

Major environmental changes

Coastal areas of sub-Saharan Africa are presently experiencing coastal degradation in the form of coastal
erosion, siltation, flooding, pollution, deforestation, salt water intrusion and subsidence. Many of these
problems are caused or exacerbated through exploitation of coastal resources. Major environmental
changes are the result of the following:

e pollution;
®  coastal erosion, flooding, siltation, deforestation;
e over-exploitation and degradation of marine resources; and

e  deteriorating water quality and sanitation with impact on environment and public health.
All these coastal problems cut across national boundaries in both western and eastern Africa.

Pollution

The main sources of pollution in coastal areas are domestic wastes and industrial effluents. Most of the
domestic wastes are solid wastes from coastal inhabitants. Much of this waste is not treated but is disposed
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indiscriminately. Many large cities in sub-Sahara Africa lack centralised systems for collecting and treating
domestic waste. Individual households use septic tanks, so the population generates more waste than
industry. This results in pollution of groundwater. In Mombassa (Kenya), domestic sewage and storm
water runoff account for 18% (4.566 t yr') and 37% (12,802 t yr!) of the total BOD and suspended solids.
The cities of Mogadishu (Somalia) and Majunga (Madagascar) have no centralised sewage systems, while
those of Dar es Salaam (Tanzania), Maputo (Mozambique) and Mombasa (IKKenya) can handle only 20% of
the existing sewage load. The sewage systems do not have pre-treatment before they are discharged into
the sea. For example in Port Louis (Mauritius) the sewage system setves 75% of the population but is
dumped directly into the sea as raw sewage. 'This has led to sanitation and health problems in most
metropolises in the Western Indian Ocean region. Maputo, the only city in the East African region with a
central sewage system, is only able to treat about 50% of the sewage generated. The remaining 50% is
emptied into tivers that flow into the Maputo Bay. This has led to an increase in the levels of total and
faecal coliforms in Maputo Bay, making the bay area unsafe for tourism.

Because oil and gas industries are the most important economic activities in West Africa, oil spills and
industrial affluence are the dominant sources of pollution in the region. In Nigeria, oil exploration,
exploitation and disposal of raw sewers and industrial effluent have led to pollution of large areas of the
coast especially in the Lagos area and the Niger Delta. Pollution of water, sediment and biota as a result of
heavy metals and pesticides has been documented in the region (Portman ez 4/, 1989).

Domestic and industrial pollutants are generally associated with mega-cities like Lagos, Abidjan, Dakar and
Port Harcourt (Table 6). About 70% of Nigeria's industries are located in the coastal zone and about 80%
of the effluents and emissions are discharged without treatment. These industries consist of oil refineries,
petrochemical, pharmaceuticals, textile, food and beverage and plastic industries. Mining operations
produce large residues that are discharged into coastal waters, for example, large quantities of phosphate
residues in Cote d’Ivoire and residues from diamond mining in Namibia. Oil tankers in coastal waters in
the region, especially in oil-producing countries create an important pollution source through accidental oil
spills and ballast discharge.

Since most of the industries in East Africa are agro-based, the wastes are organic and nutrient-rich and are
commonly discharged to sewers or directly into the ocean or rivers. Msimbazi Creek in Dar es Salaam is
heavily polluted by industrial effluents. Other areas of heavy pollution include Tudor and Kilindini Creeks
in Mombassa, Mogadishu Harbour, the Matola River in Maputo and St. Louis in Mauritius. Oil pollution is
significant in waters adjacent to oil refineries in Mombassa, Dar Es Salaam, Maputo and Tamatave.

Table 6. Domestic water and waste statistics of some coastal cities in Africa.

City — Country Per capita water|Wastewater Per capita solid
used/day treated % waste generated %

Lunda — Angola 50 0 -

Porto Novo — Benin 22 - 0.5

Douala — Cameroon 33 5 0.7

Younde — Cameroon 61 20 0.8

Abidjan — Cote d’Ivoire 111 58 1.0

Libreville — Gabon 100 0 -

Banjul — The Gambia 106 0 0.3

Accra — Ghana 4 0 0.4

Conakry — Guinea 50 0 0.7

Antananarivo —Madagascar |40 0 0.3

Novakcht — Mauritania 35 10 0.9

Maputo — Mozambique 80 - -

Lagos — Nigeria 80 - 1.1

Dakar — Senegal 64 69 4

Dar Es Salaam — Tanzania |50 2 1.0

Lomé — Togo 35 - 1.9
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The ocean and beaches are used as dumping grounds for a vatiety of wastes from ships, tourists and even
industries. Plastics are the most common debztis on the beaches along the West African coast, most of
which are brought in by toutists who litter the beaches with their left-over plastics and food containers.
Table 7 shows the volume of debris collected in some African countries’ international beach cleanup
exercise in 1996. Results of the 1995 beach cleanup along Victoria Beach in Lagos (Table 8) revealed that
plastics and foamed plastics constituted the most abundant debris category amounting to 31.86% of total
pieces of debris collected. This was followed by paper and metal categories constituting 16.67% and
10.45% respectively. Rubber and glass categories constituted 7.36% and 6.88% respectively while cloth
category amounted to only 4.06% of the total.

Table 7. 1996 international coastal clean-up results for selected countries in Africa.

Country Debris Collected | Debris collected | Length of | Length of beach
(pounds) (kg) beach cleaned | cleaned (km)
(miles)
Cameroon 16.328 7,422 1.2 0.7
Ivory Coast 5,005 2,275 1.4 0.9
Kenya 23°844 10,838 54.4 33.7
Nigeria 3,121 1,419 2.5 1.6
South Africa 9,005 4,093 33.5 20.8
Tanzania 8,360 3,800 0.3 0.1

Table 8. List of categoties of debtis collected during the 1995 beach clean-up at Victotia Beach,
Lagos. Total weight of debris collected: 1,260.9kg.

Categories of debris No. of pieces % Composition of
total
Plastics 6,768 31.86
foamed plastics 2,161 10.17
Glass 1,462 6.88
Rubbers 1,563 7.36
Metal 2,664 12.54
Paper 3,542 16.67
Wood 2,219 10.45
cloth pieces 862 4.06
TOTAL 21,241 99.99

Coastal erosion

Coastal erosion is the most prevalent coastal hazard in West and East Africa. Though natural causes like
low coastal topography, high wave energy and nature of sediment are responsible for these high rates of
erosion, anthropogenic activities such as construction of harbour protecting structures, jetties, beach sand
mining, construction of dams upstream and deforestation are mostly responsible for the high rates of
erosion. ‘Typical areas of erosion include:

e Senegal: Niang (1990) reported annual erosion rates of 5.8 cm at Cape de Naze cliff, 32.9 cm at Cape
des Biches and 29.3 cm at Fann Cliffs. For sandy coasts this rate is about 1 to 1.5 m per year.

e Guinea: Murdy and Sexton (1986) reported erosion phenomena in the northern part of the
Camagenne Peninsula. Widespread erosion has also been reported along the Koba area especially at
the mouth of the canals dug to drain excess water from the rice fields to the ocean.

e Sierra Leone: Collins ¢ 4/ (1983) reported widespread erosion between Freetown and the eastern
botrder especially off Sherbro Island.
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e Liberia: Coastal erosion along the Liberian coast has been reported along cities like Buchaner,
Greenville, Harper and Robertsport. Around the Organisation of African Unity (OAU) Beach,
Shannon (1990) reported erosion rates of 3 m annually.

e Cote d’Ivoire: The La Vigie area with its coastal residential area of "Les Tourelles" and Adjoufun
suffered extensive damage from erosion and flooding during the summer storms of 1984. Koffi ¢f o/
(1990) reported coastal erosion rates of 1-2 m annually along the south-eastern coast (Fresco, Vridi,
Port Bouet to Ghana border). High erosion rates have been reported in the areas off the Abidjan
harbour.

e  Ghana: Along Labadi Beach, an erosion rate of 3 m per year was reported between 1966 to 1975. At
Ada near the Volta estuary erosion rates of 2.2 to 2.4 m annually have been reported between 1939 and
1976. Along the Keta coast, erosion rates of 4 m to 6 m per year between 1923 to 1975 have also been
reported.

e Togo: East of the Lomé harbour an erosion rate of 20 m per year has been reported while the updrift
western side has accreted so much that it is threatening to silt up the entrance to the Lomé port. The
coastal road at Anneho has also been washed away as a result of the erosion.

e Benin: Frosion is very prevalent along Grand Popo, Seme and east of the Cotonou harbour.
According to Adams (1990) erosion was sparked off with the construction of piers around the coastal
areas of Kpeme factory, Aneho town, L. M. Hotel and Hotel da Silva. The New Town scheme, which
was supposed to be a residential ‘Hollywood’ of Benin, has been devastated by erosion. Many of the
roads, houses and other facilities constructed for the residents now lie under the sea.

e Nigeria: Erosion rates of 25 to 30 m annually have been documented along Victoria Beach in Lagos
(Ibe et al. 1984). Although about six sand nourishment projects have been implemented on the beach
since 1958, erosion continues to wash off large parts of the coast. Other areas whete erosion has been
very devastating along the Nigerian coast include Forcados 20 m per year, Brass 16-19 m per year, Eket
10-13 m per year and Awoye along the Mahin mud beach 20-30 m per year.

e  Kenya: Coastal erosion is very prevalent along the cliffed beaches at Kanamai, Shanzu, Ivwetine, Nyali,
Likoni, Black Cliff Point and Tiwi. High rates of erosion have also been reported along the sandy
beaches north of Mtwapa Creek and north of Tudor creek at Bamburi-Kenyatta.

®  Mauritius: Erosion has been reported along the coast of Cape Malheureux to Flic en Flac. Beach
erosion rates of 10 m was reported along near the Le Morne Brabant Hotel in the past 15 years.

e Tanzania: Erosion is vety prevalent along Kunduchi Beach north of Dar es Salaam. Hotels on toutist
beaches like Hotel Africana, Kundichi Beach Hotel, Silver Sand Hotel, Rubgwe Oceanic Hotel and
Bahari Hotel are threatened by beach erosion causing extensive damage. In Zanzibar, high erosion
rates have threatened the coralline reefs in Ras Numgwi and the Maruhubi area in Zanzibar town.

Several activities in the hinterland have also caused adverse changes in the coastal zone. The need to
generate cheap and abundant electricity, water for irrigating dry land and development of inland fisheries
have led to the damming of many of the major rivers in the region. The construction of the Akosombo
dam on the Volta in Ghana has led to a 60% reduction in the sediment load reaching the coastline (Collins
et al. 1983). Several dams built on the River Niger in Nigeria have also led to a drastic reduction of
sediments reaching the coastline. The Mono River in Togo with a pre-dam sediment discharge of about
21,000 cubic metres of sand now has a post-dam discharge of close to zero. Trapping of sediments behind
the dams is depriving the coastal areas of sand. Such deprivation of sediments along the coastline is
exacerbating coastal erosion and flooding. Excessive generation of sediments from upland areas also
causes sedimentation downstream. The silting up of Korle Lagoon in Ghana is a classic example. The
Koba coastal rice field in Guinea is also suffering from excessive siltation by sediments generated from the
upland areas.

Land reclamation is extensive in the intertidal areas especially in the islands. In Victoria, Mahé, Seychelles,
the airport, residential area and the port were built on reclaimed land. The extensive dunes in Mozambique
are mined for construction materials causing significant beach erosion. Most of the rivers of the region
have been dammed for water supply and irrigation. The damming of the Zambezi River (Mozambique)
and Rufiji River (Tanzania) have resulted in significant adverse impacts on the ecological, and socio-
economics at the Rufiji Delta.
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Flooding

The low nature of the coastal zone makes the area susceptible to flooding especially during the rainy
months of May to September. Storm surges are prevalent during April and August - September in West
Africa (Awosika ef 2/ 1995). These storms are usually associated with astronomical high tides exceeding 2
m above the normal high tide levels. These high waters result in flooding of the low-lying areas in the
coastal zone. Poor drainage channels and clogged drainage channels with solid domestic wastes contribute
immensely to flooding of coastal areas. 'The seasonal flooding of the Victoria Island during the rainy
months and storm surges usually result in the dislocation of socio-economic activities of the economic
nerve centre of Nigeria (Awosika ¢f /. 1995). Seasonal flooding of the low-lying fringing coastal plains in
East Africa is also prevalent.

Deforestation

Rapid urban growth and industries in the region have contributed to the clearing of large virgin forest.
Table 9 shows the rate of deforestation in the region. A large part of coastal vegetation is composed of
mangroves, palms, trees and scrubs. Large areas of the coastal forest areas are being destroyed to make
room for industries, residential and commercial houses. The net deforestation rate for tropical Africa is
estimated at 3.6m ha/year representing about 0.67% of total forest reserves of tropical Africa.

The coastal zone, though not densely forested due to its sandy nature, is known to have a variety of flora
species. 'The fern, Acrostichum anrem, often grows among the mangroves. The grass, Paspalum vaginatum, a
variety of which is used for mat-making is rapidly replacing virgin forest. The succulent herb, Portulaca sp.,
is an important plant species in the coastal areas. Table 9 shows the forestry statistics for African coastal
countties and rates of depletion. Between 1990 and 1995 African forest was depleted by about 3.5%.

Table 9. Fotest ateas, deforestation rate and loss of mangtoves in selected sub-Sahara African
countries.

Country Closed forest | Deforestation | Current extent of Loss of
(000 ha) rate (% per year) | mangrove (000 mangtoves
ha) (% of total)
Cote d’Ivoire 4,458 6.5 3 60
Nigeria 5,950 5.0 1052 50
Benin 47 2.6 7 X
Guinea-Bissau 660 2.6 315 70
Liberia 2,000 2.3 36 70
Guinea 2,050 1.8 120 60
Kenya 1,105 1.7 93 70
Madagascar 10,300 1.5 130 40
Angola 2,900 1.5 110 50
Ghana 1,718 1.3 2 70
Mozambique 935 1.1 276 60
Sierra Leone 740 0.8 50
Cameroon 17,920 0.4 486 40
Zaire 105,750 0.2 125 50
Gabon 20,500 0.1 115 50
Congo 21,340 0.1 2 0

Coastal vegetation in the region has been decimated by both natural and anthropogenic activities to the
extent that a large percentage of the primeval vegetation has been replaced with new species. In Senegal for
example, it is estimated that about 40% of the mangroves had been lost by 1980 (Table 9) and there are
now extensive barren areas with acid-sulphate soils. As at 1980 about 60% of the mangroves in Guinea
were reported to have been lost. In Liberia, neatly 70% of the mangrove vegetation had been lost as at
1980. In Ghana about 70% of the primary mangrove vegetation have been lost mainly through human
activities. Most of the forest wood is used for fuel-wood. The original mangrove vegetation in these
countties has now been replaced by the hardy grass Paspalum vaginatum. The once flourishing coconut and
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palm groves along many beaches have either been cut down or uprooted by erosion, leaving the beaches
bare of vegetation.

Climate change and emerging coastal hazards

Global climate change and associated impacts such as sea-level rise and flooding have been documented to
have setious impacts on socio-economic activities in the West African region. The coastal nations of West
and Central Africa (e.g., Senegal, Gambia, Sierra Leone, Nigeria, Cameroon, Gabon and Angola) have low-
lying lagoonal, erosive coasts, and hence are likely to be threatened by sea-level rise. Most countties in the
coastal belt of the African region including Cape Verde, Sao Tome and Principe, Comoros, Mauritius,
Reunion and Seychelles, where coastal areas represent 100% of the country (WRI 1994) would be affected
by different IPCC (1995) scenarios of 0.5-1.0 m sea-level rise by the end of the 21st century.

Sea-level rise, combined with localised subsidence, is also expected to exacetbate coastal erosion and
inundation in the region. Awosika e a/ (1992) estimated that about 18,120-18,396 km? of Nigerian coastal
areas could be at risk by the end of the twenty first century with a one meter sea-level rise (Table 10). This
is expected to put about 3.18 million people at risk. Values at trisk could amount to $18,134 million.
Nicholls ez a/. (1993) also estimated that a one meter sea-level tise could put about 6,042 to 6,073 km? of the
Senegalese coast at risk. This could again risk the lives of 109,000 to 178,000 coastal dwellers while risking
values worth between $494 to $707 million. Productive wetlands and other ecosystems like the Niger Delta
would be adversely affected by sea-level rise (T'able 11). In Tanzania, sea-level scenarios of 0.5 and 1.0m
sea-level rise per century will result in inundation of about 2,090 and 2,117 km? respectively. A one meter
sea-level rise will lead to erosion of about 9 km? along the Tanzanian coastline (Mwaipopo 1997).

Table 10. Summary of Impacts and Response costs for a one meter sea level rise (after French and
Awosika 1993).

Senegal Nigeria
Land at risk (km?) 6,042 to 6,073 18,120 to 18,396
Population at risk 109,000 to 178,000 3,180,000
Value at risk *million) US$494 to 707 US$18,134
Important area protection US$255 to 845 US$558 to 688
Total protection US$973 to 2,156 US$1,424 to 1,766

Table 11. Niger Delta (Nigetia) ASLR I and II physical effects and natural system projection to
21st century (from Awosika e 4/ 1995).

Units | Presently |ASLRI |[ASLRII
no ASLR
1. Erosion rate m/y 10-15 16-19 55-| 20-25
2. Erosion-area lost ** km? 26 - 45 120 130-330
3. Inundation and erosion®™* | km?2 3,000 7,000 15000
4. % of total area lost due to | % 15% 35% 75%
inundation and erosion
5. Subsidence * * * *
6. Salinity
(@) Salt wedge intrusion * * * *
(i) Seepage rate * * * *
(i) Seepage salinity * * * *
7. Natural System Responses | km? 794 2,779 5,955
(I) Agriculture (7,940 km?)
8. No. of villages impacted No 50 200 350
9. No. of people displaced No 150,000 1-2m 2-3m
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Conclusion

The economic loss due to degradation of the coastal areas will have serious consequences on the
development of sub-Sahara Africa. Itis estimated that decreased fishing has led to loss of income of many
coastal states and local fishermen. Coastal erosion has led to destruction of buildings, tourist facilities, and
valuable real estate. Changed hydrological regimes and inavailability of adequate fresh water has led to
unsafe sanitary conditions and health problems leading to increase in medical bills. Sea-level rise and
flooding would also have deletetious impacts on the economy of coastal States in the region.

On the socio-economic side, Africa's tourism industry could be adversely affected by the destruction of
coastal infrastructure, sandy beaches, battier bars and other marine ecosystems. Sea level rise adaptation or
mitigating options will involve heavy costs, which the developing African states will find difficult to beat.

Environmental problems facing the sub-Saharan African areas are of high magnitude and need urgent and
holistic approach. Although local and regional approaches may be necessary in some areas, many of the
problems cut across international boundaries. In many places like Conakry Guinea, hard structures like sea
walls have been constructed to control coastal erosion. Many of these structures have failed to solve the
problem. Rather, they have resulted in the transfer of the problem down drift.

A holistic approach to all environmental problems calls for an Integrated Coastal Management (ICM) that
will have a regional approach. In the drive by many governments to revamp their economy and provide
social facilities there is a tendency to neglect sound and holistic environmental management plans. Many of
the countries for example, Senegal, Cote d'Ivoire, Benin, Nigeria, Kenya, South Africa, Mauritius and
Seychelles already have agencies or ministries of environment which have mandate for ensuring sustainable
management of the environment. These governmental agencies have existing legislation with ingredients
for effective management plans. However, these management plans are ineffective because of the
following:

lack of co-ordination and interactions between agencies with coastal zone mandates;
lack of trained personnel and infrastructure for implementing ICM;
inadequate data and information on coastal zone processes and activities; and

Lack of adequate communication facilities for exchange of data and information.

Capacity (human and infrastructure) building is an essential element for effective implementation of ICM.
Hence any regional ICM programme should include a well-articulated capacity building programme.

In conclusion a regional programme that takes onboard the following is urgently required:

e A regional database using geographic information system for analysis and evaluation of coastal
indicators should be established in regional centres of excellence in the region. Data from such must
be made accessible to planners and researchers as well as coastal zone stakeholders;

e tools for monitoring, assessment and decision-making must be standardised and made available to
African countties, together with technical suppott;

e development of reliable regional climate change scenarios, impact assessments and policy development
in the coastal zone and the entire marine environment will be needed; and

e Building capacity for coastal zone management through training, infrastructural development and
upgrading population awareness will constitute important strategies.

A regional compilation of environmental problems, root causes and possible remedial options must be
embarked upon. This process will identify “environmentally degraded hot spots” Identification of these
“hot spots” will ensure a clearer understanding of the problems and help in the implementation of
sustainable remedial measures.
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4.3 Dissolved and particulate load of African rivers — an overview

O. Martins and W, Salomons

Abstract

This article gives a synthesis of available information and the extent of knowledge on the most important tiver basins
in Africa. River discharge data covering between one year and almost forty years are considered in assessing the
average water export to major wotld oceans by 50 rivers draining different geographic regions in the continent. Based
on available information, chemical characteristic of sutface river waters ate summarized; sediment transport and
mechanical erosion rate from the continent to the seas are also reviewed. The most important rivers in terms of
discharge, are located in West and Central Africa with a total watet export of 3700 km3/yr and a combined sediment
load of about 100 million tons/yt. Generally, the tivers are low in dissolved mineral content: dissolved silica and
bicarbonate ions represent over 60% of dissolved species. Organic matter content of major rivers, as indicated by
organic carbon and nitrogen loads in dissolved and particulate fractions, are evaluated, stressing the relative role of
dams and reservoirs in all the tivers.

Key wotds Drainage basins - river discharges - water types - sediment load - organic - carbon - amino acids

Introduction

With an area of 30x10 6 km?, the African continent ranks third among the earth’s land masses. About 35%
of the surface is drained by six rivers (Congo, Nile, Niger, Zambezi, Limpopo and Orange), and about as
much as 10x106 km? of the surface 1s arid and desert area without surface drainages. In all, there are over
70 rivers on the continent whose drainage basins are greater than 10,000 km?, located among over 40
countries (Figure 1).

Relative to other rivers of the wortld, very little is known about the flux of dissolved and particulate load of
African rivers. The most recent information was catalogued under the auspices of a SCOPE project on
mineral and carbon transport of major world rivers (Degens ¢ a/. 1991), where the emphasis was on a
minimum 12-month sampling petiod of four of the largest drainage basins (Martins, 1983; 1988a and b;
Kempe 1983; Nkounkou and Probst 1987; Hart 1985). Other studies carried out on smaller basins, the
Senegal and Gambia Rivers, were published by Gac and Kane (1986a and b) and Lo (1984). More recently,
Dupre ez al. (1996) presented a study of major and trace elements of the Congo from a one-month cruise in
1989.

Dissolved and particulate fluxes of tivers are controlled by the nature and quantity of material within the
basin, introduced into it by weathering, physico-chemical and biological processes operating on the rocks
and within the aquatic medium at different rates and to varying degrees. These inputs and the controlling
processes exhibit seasonal and inter-annual variations that are often difficult to comprehend because of the
influences of the various factors. Thus, the amount of water transported by rivers is controlled mainly by
dominant climatic type, while the lithology determines the chemical nature of the river water. River basins
within the tropical rainforest belt therefore have high discharges, particularly where the basin is extensive
(the Congo) and basins predominantly covered by sedimentary rocks have higher dissolved salt
concentration than those of crystalline rocks. The effect of topography on the chemical composition of
tiver water is closely linked to the frequently observed distribution of rocks, whereby sedimentary rocks are
found mostly in mountainous areas, while crystalline rocks are widespread in lowland areas. Changes in
land-use pattern, occasioned by man, influence the quality and quantity of river loads through:

o Discharge of domestic and agricultural wastes (organic matter, carbon, nitrogen and phosphorous
compounds);

o Discharge of industrial wastes (trace metals, organic compounds);

o Urbanization, deforestation, canalization, dredging and mining, leading to enhanced mechanical

erosion in the tiver basins and increased sediment load transpott.
° Damming, and irrigation (water abstraction).
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Figure 1. Africa’s drainage basins superimposed on country political boundaries.
(from USGS 1996).

Table 1. Some hydro-climatic charactetistics of major drainage basins in Africa.

River Watershed Mean Major Precipitation | Evapo-
area Maximum climatic | (mm yr?) transpiration
(106 km?) elevation (m) | type (mm yr?)
Congo 3.7 1100 Tropical 1543 1150
rainforest
Nile 3.0 1590 Arid 693 683
Niger 2.1 820 Semi-arid | 558 423
Orange | 0.95 1650 Semi-arid | 419 408
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Vegetation, geology and soils

Vegetation and soils are a direct derivative of the interplay between climate and rock types. Vegetation type
reflects the soil potential: thus, desert soils are shallow and lacking in organic material, while areas with 250-
600 mm yr1 of rainfall have ferriginous soils which may be slightly acidic, if heavily leached. Due to the
configuration of the drainage basins, a given vegetation belt may be found in two or more watersheds.
Thus, tropical rainforest is found in the Niger delta and most of the Congo basin, while the tropical
savannah zone covers most of the Niger basin, the south-east Congo basin, the Senegal and Gambia basins
and the upper part of the Nile basin. Steppe and desert belts characterize the Nile and Orange drainage
basins.

The lithologic outline is dominated by the Precambrian Basement Complex, consisting of granite gneisses,
ovetlain by a thin layer of sedimentary rocks (<300 m thickness). Marine clays and coal-bearing
continental deposits accumulated in southern and central Africa, while the northern sector is buried by
clastic sediments (Continental Intercalaire), which include Nubian sandstone and various porous layers. In
line with the relatively simple geology, the chemical composition of the dominant rocks (Table 2) is similar.
Notable differences are in the SiO; content, where the Senegal and Gambia basins have higher percentages
than the Niger, while the Niger shows more ALbO; content.

Table 2. Average chemical composition (% oxides) of dominant rocks (Orange 1990).

Drainage SiO; | ALO; | Fe;O3 | FeO | MgO | CaO | Na,O | K;O | TiO2 | MnO | P,Os
Basin

Senegal 86.0 |5.0 2.0 14 1.0 1.5 0.82 0.53 | 0.29 ]0.03 0.05

Gambia 80.5 | 6.2 2.4 2.7 1.8 2.9 0.87 0.51 | 049 ]0.06 0.08

Niger 66.7 | 152 1.9 2.1 1.7 2.7 3.9 2.5 0.48 |0.03 0.13
Methodology

Data sources

Most of the data presented were generated in the course of the SCOPE-sponsored project on carbon and
mineral transport of major wotld rivers (Degens e @/. 1991). Almost all river discharge data are extracted
from the global river discharge database (V6rdsmarty ef al 1996).

Laboratory analyses

Major ion analyses correspond to the recommended standard analytical methods using the AAS, while
particulate matter was mostly collected by filtering 100 ml to 500 ml of homogenized water through pre-
combusted and pre-weighed 25mm diameter Whatman GF/F filters clamped in a vertical filter towert,
under reduced vacuum. Filters were dried and reweighed to determine the total suspended solids contents.
The filtrate was collected and stored in conditioned PVC bottles and preserved with HgCl. Filters and
filtrate were analyzed for otganic components at the SCOPE/UNEP International Catbon Unit in the
University of Hamburg. Details of the methods of analyses are desctribed in Michaelis and Ittekkot (1982).

Results and discussion

Hydrology

Undisturbed flow in African rivers is characterized by seasonal and inter-annual variation; basins located in
the northern hemisphere (Senegal, Gambia, Niger and Nile) have low flows between December and April,
while the flood period in rivers from the southern hemisphere (Orange, Limpopo, Zambesi and Congo)
occurs between March and June. The flow of most African rivers has been modified over the years by
natural changes, such as frequent drought occurrences in the arid- and semi-arid-dominated basins and by
changes in land-use pattern, such as large irrigation schemes and hydroelectric power plants through
impoundments. The net effect is reduction in annual water volume reaching the adjoining seas.
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Table 3. Station-specific river discharge data (Vorosmatty ef a/. 1996; Olofin and Martins 1993; Martins
and Awokola 1996).

River

Nile
Ouergha
Bouregreg
Sebou

Oum er Rebia
Moulouya
Gambia
Senegal
Cassamance
Moa

Cestos
Sehnkwehn

Sassandra
Cavally
Bandana
Tano
Pra
Volta
Mono
Oueme
Niger
Ogun
Wouri
Nyong
Cross
Sanaga
Nyanga
Ngounie
Congo
Kouilou
Ogooue
Ivindo
Orange
Tugela
Grout-Vis
Maputo
Z.ambezi
Save
Limpopo
Buzi
Imkomati
Mangoky
Mananara
Mandare
Tana
Ruvu
Rufiji
Mbewe
Shebelle
uba

Country

Egypt
Morocco
Morocco
Motocco
Morocco
Motrocco
Senegal
Senegal
Senegal
Sierra Leone
Liberia
Liberia

I'Coast
I'Coast
I'Coast
Ghana
Ghana
Ghana
Benin

Benin
Nigeria
Nigeria
Cameroon
Cametroon
Cameroon
Cameroon
Gabon
Gabon
Congo
Congo
Gabon
Gabon
South Africa
South Africa
South Africa
Mozambique
Mozambique
Mozambique
Mozambique
Mozambique
Mozambique
Madagascar
Madagascar
Madagascar
Kenya
Tanzania
Tanzania
Malawi
Somalia
Somalia

Total
drainage
basin (km?)
3.04x10¢

38 402
34 000

70 000
437 000

22 635
15 011

68 000
30 575
97 500
15975
24 588
414 000
23 430
59 000
2.12x10¢
22 000

26 480
53 000
135 000
24704

3.7x10¢
61 707
223 429

948 000

31272
1.39x10¢
107 293
416 000
27 865
46 000
60 263

16 866
671 000

809 000

0.339
805 087

Station

Asyut
Ourtzagh
Lalla Chafia
Azib Soltane
Dechra el Oued
Dar el Caid
Gouloumbu
Bakel

Kolda
Moa-Bridge
Sawolo
Tounouta-Bafu
Bay

Soubte

Tate

Tiassale
Alenda
Daboasi
Senchi
Anthiem
Bonou
Onitsha
Mokoloki
Yabassi
Dehane
Mamfe

Edea

Ibanga
Fougamaou
Brazaville
Sounda
Lambarene
Loa-Loa
Vioolsdrif
Mandini
Outspan
Madubula
Matundo Cais
Villafranca do Save
Chokwe
Estaquinha
Chobela
Bevoay
Maroangaty
Amboassary
Gatissa
Motrogoro Rd.
Stigelet's Gorge
Chiromo
Afgoi

Lugh Ganana

Drainage area

3.0x 10¢
4 404
3230
17 250
3330
24 422
42 000
218 000
3 700
17 150
683
761

62 000
28 800
61 850
15 975
22714
394 100
21575
46 990
2.1x10¢
22000
8 026
26 400
6 810
131 520
20 000
22000
3.5 x10%6
55010
203 500
48 500
0.850x10°¢
28 920
29 745
28 500
0.94x10¢
100 885
342 000
26 314
37 600
53 225
14 160
12 435
42 217
15190
158 200
149 500
278 000
179 520

Mean water
upstream (km?) volume (km3

yr')

38
1.1
0.08
1.2
0.57

0.37
4.6
9.9
0.029
19.0
0.8
3.5

17.0
18.0
5.0
5.2
4.2
27.6
2.0
1.4
127

9.2
121
15.1

56
17.3

22

1269

26.6

146
23.8
5.9

21
0.21
1.1
80
5.6
16.5
12
3.3
21.2
7.3
1.8
5.9
1.6
22.6
18.5
1.6
5.7

Years of data

1973-1984
1951-1989
1980-1984
1959-1989
1953-1989
1957-1988
1976-1979
1904-1984
1967-1983
1976-1977
1976-1983
1976-1978

1979
1979
1979-1983
1965-1978
1965-1978
1936-1979
1944-1984
1948-1984
1982-1986(a)
1978-1996 (%)
1951-1977
1951-1977
1967-1979
1943-1980
1965-1974
1965-1974
1971-1989
1969-1982
1930-1975
1965-1974
1964-1986
1964-1986
1969-1986
1976-1979
1976-1979
1976-1979
1976-1979
1976-1977
1976-1979
1952-1983
1965-1978
1951-1973
1934-1975
1959-1978
1954-1978
1953-1981
1951-1979
1951-1979

Table 3 shows a list of important rivers, countries, discharge measuring stations, surface area of basin
upstream of station and years of available data. The mean annual water volumes wete calculated only for
the last 10 years in most cases, as these have bearing on the most recent change in discharge to the
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estuatries. The most dramatic changes have occurred in the basins located in the arid and semi-arid regions
(Nile, Niger and Orange rivers), influenced by climatic (drought) and damming impacts (increased evapo-
transpiration as a result of water surface area increase). The case of the Nile has been well documented
(Kempe 1983; Vorosmarty e¢f al. 1996) The discharge of the Niger which was 220 km? in the pre-Kainji
dam years, went down to 168 km? after the inception of the dam (Martins 1983). The water volume was
further reduced to 127 km3, as the Jebba dam started operation in 1985 (Olofin and Martins 1993).
Similarly, the Orange River now has an annual water volume of less than 6 km? as against 11 km3 (Hart
1985). Other rivers that may have been affected by reduction in discharge are the Volta and Zambezi rivers
due to the large reservoir capacity (Table 4). Water loss and distortion of the natural hydrograph are some
of the most important impacts of dams; the proportion of water lost is a factor of the lake surface area and
climate. Thus, Lake Kariba (surface area=5200 km?) loses 20% of its inflow to evapo-transpiration, while
the Tiga dam in Nigeria with a surface area of only 180 km? losses up to 30% of its inflow by
evapotranspiration due to the arid climate.

Inter-annual variations in river discharges are related to the rainfall pattern of the region. For instance,
assessments of historical rainfall data for South Africa reveal that rainfall occurrences have been marked by
a series of humid and dry years; an 18-year hydro-climatic cycle has been calculated for the southern Africa
sector, as against observed 10-year cycle for the western part (Martins 1983). Inter-annual fluctuation
amplitudes decrease from the semi-arid zone in direction of the equator. Thus, such hydro-climatic cycles
are not pronounced in basins located in the equatorial rainforest zones .

Table 4. Africa’s largest man-made lakes.

Name of reservoir | Completion date | River/ Country Capacity (x10° m?3)
Aswan 1970 Nile/ Egypt 164

Kariba 1959 Zambezi/ Zimbabwe 185

Akosombo 1966 Volta/ Ghana 148

Cahora Bassa 1974 Zambezi/ Mozambique 64

Kainji 1968 Niger/ Nigeria 15

Le Roux 1976 Orange (Gatiep)/ S. Africa 0.9

Dissolved minerals

Solute contents of rivers are naturally derived from three soutces: atmospheric (anions and CO»), lithologic
(rock weathering) and groundwater infiltration (in artesian situations or dry season seepage). Chemical
weathering of rocks remains the main source of dissolved substances, its rate being controlled by several
factors among which topography, vegetation cover and humidity are primary. The solutes in African rivers
are typically of the Ca, NaHCO3 water type (Figure 2) and are therefore rock-dominated.

From a chemical reaction model, Martins (1988) showed that plagioclase, orthoclase and biotite breakdown
accounts for 94% of the total dissolved solids (IDS) in the Niger, while Nkounkou and Probst (1987)
concluded that only 24% of the bicarbonates are produced from weathered rocks; 76% of calcium, 69% of
magnesium, 26% of sodium and 70% of potassium may have been derived from the chemical
decomposition of parent rocks. All the rivers are generally low in TDS, mostly between 60—180 ppm, and
they have relatively high Si(OH),, fluctuating between 7.0 and 25 ppm.

The seasonal variations in concentration follow a definite pattern in rivers with large floodplains, where an
initial dilution of solutes precedes salinity increase as dissolved salts are leached from the floodplains into
the main valley. The situation might be different in smaller rivers that dry up completely during 3 to 5
months of the hydrological cycle (Martins and Probst 1991). However, in view of the variability in river
water volume, all fluxes of dissolved substances increase with discharge and in highly arid and semi-arid
conditions, the flux variability can be very high (Meybeck 1996).
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Figure 2. Trilinear plot of major ions in river surface waters

Nutrients

Data on the proportion of nutrients (C, N, P and Si) in African rivers is generally rare. Concentration of
nitrogen and phosphorous compounds are generally low, while dissolved inorganic carbon and silica levels
are appreciable. Table 5 shows some results on the nutrient content of the Orange River from the
Verwoerd dam to the Le Roux dam. The nuttient concentrations are low, and show limited variation,
possibly as a result of the impoundments. The proportion of dissolved inorganic carbon and silica are
higher than 40% and 20%, respectively, of the total dissolved solids in most African rivers.

Table 5. Dissolved inorganic nitrogen ( DIN), phosphate, total phosphorous, and total inotganic
catbon (all values in ppm ) in the Orange River (Hart 1985).

Sites DIN PO4-P TOT-P TIC
Orange River (above |0.37 0.07 0.42 13.2
Verwoerd dam )

Orange River (below |0.74 0.09 0.11 14.7
Verwoerd dam )

Lake le Roux (at wall ) 0.7 0.06 0.07 14.8
Orange River (below Le | 0.7 0.07 0.08 14.9
Roux dam )

Suspended sediments

The quality of suspended sediments is determined by geology and weathering type, while their quantity is
controlled by topography, vegetation cover and river discharge. The total suspended sediment (I'SS)
concentration are very low in tropical rainforest rivers such as the Congo (< 40 ppm ) and high in semi-arid
tivers such as the Niger and Senegal rivers ( 127 and 196 ppm, respectively). The role of impoundments as
sediment traps is evident from the drastic reduction of the concentration of TSS downstream of large dams.
The TSS of the Nile before the closure of the Aswan dam was 3700 ppm, as against <1 ppm after the
closure of the dam, thus showing a reservoir trapping efficiency of 100% (Milliman and Meade 1983;
Vorosmarty ef al. 1997). Reservoir operations such as in hydroelectric power generation, coupled with the
low settling velocity of clay particles, may reduce the trapping efficiency of most dams. Rivers that receive
highly dischatrging tributaries downstream of dams may still have high TSS concentrations when they reach
the coastal areas.

The highest water and sediment discharges are exported from the west and central parts of the continent, in
spite of the moderate rate of mechanical erosion. Most of the sediments from northern and southern
Africa are stored behind dams, while wind erosion may be the predominant mode of sediment
transportation in the northwestern and northeastern parts of the continent. East Africa and Madagascar
have very high mechanical erosion rate due to altitude and moderate erosive power of the rivers.
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Organic matter

Biogeochemical parameters such as organic carbon and organic nitrogen (dissolved and particulate),
carbohydrates, amino acids and amino sugars give indication of biomass production within drainage basins.
Otganic matter content of rivers is controlled by the relative input from soils and from z# situ primary
productivity; the latter is labile and may be decomposed within the water column, while soil-detived organic
matter is probably attached to humic materials and thus protected from such decomposition. Since there is
significant fractionation, particulatly of dissolved organic matter, taking place at the soil-river interface, the
riverine organic matter profile may not necessarily reflect that of the soil. Tropical rainforest basins (e.g.,
the Congo) generate high DOC but remarkably low POC. The Orange and Gambia rivers have moderately
higher DOC than POC, while the Niger and the Nile contain equal concentrations of both the dissolved
and particulate forms of carbon. Mechanisms related to river geometry, residence times of organic matter
in the water column and metabolic activities may also determine the concentration of otganic matter of
tivers. Some of the processes involved in the release of organic carbon are:

- Leaching of organic compounds from soils at high water stage.

- Accumulation of DOC on floodplains by leaching combined with heterotrophic decomposition of
newly flooded terrestrial vegetation.

- Primary production and subsequent processing of fixed carbon in the water.

Since much of the nitrogen carried by tivers is in the form of proteinaceous materials, determinations of
dissolved and particulate amino acids on acid hydrolysis should be expected to reveal the approximate
quantity and nature of organic nitrogen transported (Ittekkot ez 2/ 1983). Most of the rivers have dissolved
amino acid in concentrations higher than 500 pg I and in most cases there are higher concentrations of the
patticulate fraction except in the Orange River. Amino sugars are also present in the samples from a few
traces in the Congo and Orange rivers to about 60 pg 1! in the dissolved fraction, and from 5 ug I' to 32 pg
I'1 in the particulate fraction.

The dominant amino acids are aspartic and glutamic acids, glycine and alanine in both dissolved and
patticulate fractions, while the relative amounts of these amino acids vary from one river to another. In the
Orange and Niger, draining semi-arid areas, there is similarity in the distribution of particulate amino acids
(PAA). In the dissolved phase, neutral amino acids such as serine and glycine dominate the samples
collected from the Orange, whereas in the Niger neutral amino acids are dominated by glycine. Further,
neutral and acidic amino acids show equal molar distribution patterns in the Niger. In the Nile, most of the
isolated amino acids are in the particulate fraction, with the exception of valine, lycine and arginine. This is
because most of the recycling of nitrogenous organic matter has probably occurred within Lake Nasser, so
that the nitrogenous organic load of the Nile appears rather stable.

Conclusion

The state of relevant geo-scientific data of African rivers has not witnessed much improvement in the last
25 years. Our knowledge of river water quality has been enriched by two major projects — the SCOPE
Project on transport of carbon and minerals in major world rivers and the GEMS-Water programme
(jointly launched by UNEP, WHO, UNESCO, and WMO). Efforts to generate and collate data had been
going on before these projects and are continuing, but in isolation and without standardization of sampling
and analytical methodologies, making interpretation and comparison of results difficult, even on continental
scale.

In general, river water quantity monitoring activities are more common and popular in most countties than
river watet quality measurements. Discharge/gauge monitoring stations are mostly limited to major rivers,
dammed sections of rivers, ot rivers used for navigation. However, there seems to be a lot of data gathered
on individual country basis, by researchers in institutions of higher learning and research centers, but these
data are difficult to access. Routine measurements of river water quantity and quality seem to be more
common in the northern and southern African countries than in other parts of the continent. Data on
major ion concentrations are mote frequently found in the literatures than nutrient concentrations, while
information on organic matter content of African rivers is generally lacking.
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More scientists need to be exposed to continental and intercontinental meetings where recent data can be
presented. The development of uniform sampling, monitoring and analytical tools that would enable good
quality data acquisition and comparability of results, at least on a continental scale, is urgently required.
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4.4 Assessment and management program for the journey of pollutants through the River Nile
to the Mediterranean Sea

Hassan Awad

Introduction

The River Nile has a large discharge area of about 3x10¢ km? with a high flow rate (up to 500 m3 s!). The
flowing Nile River water reaches the Mediterranean Sea directly or indirectly through the drainage effluents
netwotk. These effluents are continuously pumped to the sea, carrying a complex of wastes. Quantities
and quality of these wastes reflect the variability of human activities carried out in the countries bordering
the Upper Nile basin (see Figure 1).

The dramatic deterioration in natural resoutces of the Egyptian coastal lakes and lagoons especially Manzala
and Mariut lakes prove that the impact of pollutant discharges in the Upper Nile could reach the
Mediterranean coast through these lagoons. The type, properties and persistence of discharged pollutants
in Nile waters are determinant factors for their dispersal, residence and impacts in the receiving aquatic
environments (fresh, brackish or saline).

Figure 1. The River Nile
and countries bordering
its basin.

105



Changes in the hydrology of the Nile since the construction of Aswan dam play a significant role on the fate of
discharged pollutants in the river’s environment. Comparison between the suspended and dissolved material
contents in Nile water prior to and after construction of the dam showed that while the level of dissolved
substances increased, suspended materials decreased. As a consequence, increases were noted in Nile water
hardness, rate of alkali metal salts formation and their accumulation rate in the Nile’s muddy bed. Meanwhile,
the levels of bioavailable phosphate and silicate are decreased causing parallel reduction in water productivity.

On the other hand, although the infamous insecticide DIDT has been banned from use in Egypt since 1970,
there is evidence of that compound in the Mediterranean in detectable amounts in fish (El-Nabawi ef 4/,
1987; Exnst ef al. 1984), in water and in sediments (E1-Gindy ¢ 4/ 1991). In fact, almost all species of fish
in Lake Nasser behind Aswan dam are contain high levels of DD'T-type residues (160-470 ppb), especially
following the spraying season of cotton in Sudan (Sebae 1994).

This paper evaluates the quantity and quality of discharged wastes from their point soutrces along the Nile
River through Egypt and into the Mediterranean Sea via the coastal lagoons.

Industrial waste drainage

In 1991, a map was drawn by the Egyptian Environmental Affairs Agency (EEAA) in cooperation with the
General Ozganization for Industrialization (GOFI) and Friedrich Ebert Foundation of Germany (FEF) for
the purpose of assessing the impact of Egyptian industry on the River Nile. This map includes a detailed
survey on the relationship between industrial potential and quantity and quality of produced wastes, water
consumption and waste dispersal in the Nile. It was estimated that, from the identified principal 140
agglomerated point sources, 312 Mm?3 yr-lof untreated industrial wastes are discharged directly into the Nile.
The following conclusions were drawn:

U] The public industrial sector in Egypt uses a total of 638 Mm? yr! of water, about 65% of which
are supplied by Nile waters; 57% of the waste water produced (549 Mm?3 yr1) is discharged into
the River Nile water systems (stream, branches, canals, drains and lakes).

. More than 60% of the industtial activity is concentrated in Cairo and Alexandria. These two
regions are also responsible for the majority of the wastewater.

o The Alexandria region with its 85 large public factories and about 1700 private industrial units
discharges 35 Mm3 yr! of industrial wastes directly into the Mediterranean coastal waters
through Lake Mariut. Other wastewater also reaches the Mediterranean coast via the Rosetta
branch (13 Mm? yr!), canals (7 Mm? yr!) and sanitary systems (33 Mm? yr!). There is also more
than 200 Mm? yr! of raw domestic wastes (EEAA 1992).

. Most of the food, spinning/weaving and chemical industries are concentrated in the Alexandria
metropolis. Industrial drainage in this region is has high organic and organic chemical loads
representing about 34% and 48% respectively of the overall waste produced from industry. It
was estimated that 21%of soluble substances, 13% of oils and lubricants and 8% of heavy metals
of the total overall industrial wasteload are discharged yeatly from this region to coastal watets.

Agricultural waste drainage

About 80% of the Nile water budget in Egypt (55.5x10° m? yr-!) 1s used for itrigation through the network
of canals.

For a long time, Egypt was one of the major global consumers of agrochemicals because of the marked
decrease in soil fertility due to the following two factors:

e ‘The use of continuous irrigation in Egypt since the beginning of 19t century had created a suitable
environment for increasing numbers of plant and crop enemies (insects, fungi, weeds) in the
continuously humid soils.

e Since the construction of Aswan dam in 1968 the passage of highly fertile Nile mud to the
Egyptian fields has been hindered.

The usage rate of agrochemicals has increased in parallel with the continual decrease of soil fertility.
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River Nile-Mediterranean Sea connections in Egypt

The Nile delta is almost situated in the middle of the 995 km-long Egyptian Mediterranean coast (15.8% of
the total Mediterranean coast length). It joins the Mediterranean Sea through its two branches surrounding
the delta at Domietta in the east and at Rosetta in the west. The river is also connected to the sea indirectly
through four coastal lakes, namely Manzala, Burullus, Mariut and Edku lakes. These lakes, especially
Manzala and Mariut, could be considered as transitional sinks for the majority of Egypt’s anthropogenic
wastes. The budget of the pollutant cocktail in the lakes is expected to be exposed to significant alteration
in quantity and quality before reaching the Mediterranean Sea.

Since the construction of the Aswan dam in 1968, the historically positive biological effects of the huge
quantities of fertile Nile water (40-50 km? yr') on the receiving Mediterranean coastal waters have become
negative impacts. This impact is obvious in the dectease in nutrients in Nile waters (2.5-4 km? yr-1), water
productivity and in fisheries (UNEP 1990). There has also been rapid development in industrial activity,
agrochemical usage and population size. These factors make the Nile water reaching the Mediterranean Sea
rich in all sorts of anthropogenic pollutants. Moreovet, the decrease in natural settable suspended matters
makes the journey of dissolved and minute solid wastes longer. However, the probability of reaching the
Mediterranean coast has increased.

The coastal lagoons, which almost separate the Nile drainage area from the Mediterranean Sea, possibly
play a significant role in limiting and modifying the pollutant levels in Nile water reaching the sea. In fact,
these lagoons could be considered as the ultimate sinks for the major part of wastes in Nile water.

To estimate the overall impact of Nile water discharges in adding more of its constituents into the
Mediterranean coastal waters, recent data were analysed. The data included the range of variation in
concentrations of salinity (as chlorosity), dissolved organic matter (DOM) and nuttient salts (nitrate, nitrite,
phosphate and silicate) in waters of the two main Nile branches (Damietta and Rosetta) and in the four
coastal lagoons. From these data, the total annual inputs for each of the considered constituents into the
Mediterranean receiving waters were estimated at different outlets. In general, the results indicate the
significant contribution of discharged Nile water on the coastal water quality of the Egyptian Mediterranean
environment especially in front of the Nile Delta (Awad and Hassan 1998).

Deterioration of the nearby marine environment in some areas, especially off the Alexandria metropolis, is
a result of direct discharge of industrial pollutants and untreated domestic wastes into the coastal waters.
The same conditions are dominant in the coastal zone off Lake Manzala. In fact the zone of the
Meditetranean coastal waters off Alexandria is considered to be one of the hottest “hot spots” in the region
(UNEP/MAP 1997).

Taking into account the above information (for more details see GOIF/FEF/EEAA 1991; EEAA 1992;
SAAD 1997), the need for a monitoring mechanism near the River Nile mouth was recognised.

This mechanism, which could be either a permanent “Observatory” or a Monitoring and Enforcement
Coordination Unit (MECU) is an urgent need, but will also be a useful tool for making decisions not only
for the Alexandria metropolis but for the whole country and will benefit of the whole Mediterranean basin.
It will serve as a data-bank for the dispersed environmental data and can overcome the current problem of
lack of coordination and cooperation among the environmental authorities and institutions in Egypt.

The implementation of the proposed Nile-Mediterranean Observatory as MECU will be a practical tool for
the success of the planned regional programmes aimed to develop local community capacities around the
Mediterranean basin and to enforce the national and regional legislation. Indeed, the implementation of
such a mechanism in association with other partners in the region will strengthen the cooperation between
Mediterranean communities to protect, sustain, conserve and develop their irreplaceable natural hetitage
and environmental resources in at least a part of the Mediterranean basin.
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4.5 Impact of dam construction on the sedimentary budget of the Sebou River (Morocco) and
its estuarine zone

Souad Haida, Jean Luc Probst and Maria Snoussi

Abstract

A study on water and suspended sediment discharges exported by the Sebou River after dam construction
shows the effects of the dams on the river downstream and on the estuary. The construction of large dams,
supplemented by climatic fluctuations, has led to a shatp reduction of water inflow and sediment discharge. A
maximum amount of sediment trapping (85-95% of the sediment load) occurred in the lakes of the reservoirs,
which have a short useful life (42 to 910 years). Grain size studies have shown the extent to which the resetvoir
affects and controls the delivery process downstream. In the suspended sediment there is a considerable
increase in the fine proportion, which can be released out of the dams duting flood periods and comes also
from erosion of river banks. The dectease in the sediment flux exported by the Sebou River after the
construction of the dams led to a 97% reduction in the coarse fraction deposited in the estuary. An increase of
the fine proportion and reduction of the fluvial component could increase siltation in the estuary.

Introduction

The importance of human impact on sediment load of a river is highly variable since it depends on the type
of activity and its application to the catchment. In Morocco, the high degree of climatic variability, the
torrential nature of storm runoff, the low vegetation cover, the intense lithological vulnerability and the
deforestation induced an important increase in sediment supply up to ten times the average value observed
during the Quaternary period (Heusch 1970).

In the Mediterranean climate, low rainfall and great fluctuations in its distribution constitute a severe
limiting factor for economic development. Because of this situation, Morocco began in 1975 a vast dam
construction programme aimed at irrigating 1x106 hectares before the year 2000 (DRPE, 1994) and
producing some 5100 GWh yr! of hydroelectricity. Cutrently, there are 84 large dams, whose total capacity
exceeds 10x10° m? supplying water of 772,000 ha of irrigated land. Reservoir sedimentation represents a
serious problem for water supply management and for the morphological equilibrium of the coastline. The
construction of dams and other sediment retention systems can reduce downstream suspended sediments
by 80-98% (Duhamel, 1973). Other environmental effects of dam construction on the physical, chemical,
and biological characteristics of disturbed rivers have been reported from most continents (Bishop and Bell
1978; Ward and Stanford 1979; King and Tyler 1982; Walker 1985; Davey ¢s 2/ 1987; Barrow 1987; Xu
1996).

The main purpose of this paper is to define the important impact of the construction of dams on sediment
discharge supply to the Sebou estuarine zone. In this study an effort has been made to quantify the water
and the sediment discharge before and after the construction of dams and to examine their effects on the
dynamics of the sediment in the coastal zone.

Physiographic basin and regulated river

The Sebou River is one of the largest Moroccan rivers, draining approximately 40,000 km? (Figure 1). It
runs across some 600 km from its sources in the Middle Atlas to the Atlantic Ocean. The physiography of
the watershed is strongly influenced by the altitude distribution between the north and the south. The
Sebou basin can be divided into three distinct geomorphic regions: the upper, mid and lower Sebou. The
upper Sebou tises to over 2,800 m in the Middle Atlas mountains and is underlain principally by calcareous
rocks. Its mean annual precipitation is over 1,000 mm and its winters are snowy at higher elevations. The
mid-Sebou basin is located in the Rif and the Prerif Mountains, which are characterised by mid-altitudes
averaging 2,000 m, very steep slopes, a strong rainfall gradient across the basin averaging 2,000 mm/yeatr
and a substratum consisting of schist, marl and marly sandstones. Among the major tributaries of the

109



Sebou draining the Rif and the Prerif Mountains, the Ouerrha and Inacuene are the predominant rivers in
the basin. The lower Sebou enters the riverine plain and from there follows a highly sinuous course to the
Atlantic Ocean. The estuarine system extends over 90 km of the lower Sebou, which has tidal influence.

Sebou basin
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Figure 1. Geographic situation of the Sebou watershed showing major dams and gauging
stations where data were collected.

In the Sebou basin, construction of dams began in 1935 with El Kansera reservoir on the Beht River. It
was initially used for flood retention and later for water storage. By 1973 there wete at least 15 dams in the
Sebou basin, with five large reservoirs and 10 small dams. These reservoirs are now a major source of
irrigation and drinking water and they strongly regulate the flow in the upper, middle and lower catchment.
The Al Wahda dam constructed on the Ouerrha River is the second most important dam in North Africa
after the High Aswan dam. It was constructed between 1991 and 1996 with a storage capacity of 3.8x103
km? for a height of 88 m. This reservoir will provide long-term storage, irrigate 100,000 ha, generate a
hydroelectricity potential capacity of 400 GWh yr!, transfer a water capacity of 600x10¢ m? towards the
southern regions and protect the Gharb Plain from high floods.

Materials and methods
This study is based on data obtained from gauging stations operated by the Water Planning Research

Directory (DRPE). At each gauging station, DRPE measured water discharges rates and suspended
sediment concentrations. Data from different stations provided estimates of the amount of sediment
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trapped by the dams. The available data from DRPE (1970; 1973) and Duhamel (1973) are utilised for the
calculation of the weighted mean water and sediment discharge rates before the construction of the dams.
The present-day water and the sediment discharge rates of the Sebou River are calculated by a measurement
and quantitative sampling program that have started since 1996 shortly before the Al Wahda dam was used
for water storage. Suspended sediments were sampled to quantify the net change in the sediment discharge
and the grain size composition after the construction of the dams.

Results and discussion
Water discharge before and after the construction of the dams

The mean annual water discharge for 1940 to 1973 (before the construction of the principal dams) of the
downstream gauging station of the Sebou tiver (Mechra Bel Ksiti) and of the estuary zone were respectively
about 5.1x10% m? and 5.9x10° m3. During this petiod, the water discharge contribution of the upper Sebou
and its affluents to the Sebou downstream was about 2.55x10° m? (Figure 2). The construction of the Idriss
1et dam on the Inaouene River reduced the inflowing water supply by 42%. In 1990 the Allal El Fassi dam
constructed upstream on the Sebou River was put into service, reducing the downstream water discharge of
the Sebou River by about 54%. Between 1973 and 1995, the Ouerrha River cartied most of the water
discharge to the downstream of the Sebou. During maximum flood events the water discharge of the
Ouetrrha River inundated large portions of the adjoining floodplain and caused considerable damage to
people and property (DRPE, 1970; 1973). To protect the flood-prone territory, the Al Wahda dam was
constructed to control the Ouertha River. As of 1996/97, the closure date of the Ouertha, the average
annual flow carried by this river to the downstream was reduced by 45%.
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Figure 2. Variation of the annual water discharge at the downstream of the Sebou River before
and after the construction of the dams.

Like all Mediterranean rivers, the Sebou River is subjected to climatic interannual irregularities. These have
an important effect on the water discharge, particulatly during dry periods when the reservoirs are used for
water storage and very little of the inflow water is released. Figure 3 shows, in the Sebou, the relationship
between the annual water discharge of the Sebou and the mean annual rainfall for a period of more than 32
years (1962-1994). The available data shows two opposite trends, before and after the construction of
dams. In the Sebou the correlation between flow and precipitation is better before the dam construction
(1962-1972) than after its construction (1973-1994). During this latter period the water discharge of the
Sebou River has decreased independently of annual runoff. Possible reasons for this trend may be the

effect of dams, the high evaporation intensity and the excessive use of water for irrigation during the
drought period (Haida ef a/. 1999).
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Figure 3. Relationship between the annual water discharge and the annual rainfall on the Sebou
River at Azib Es Soltane during the two periods of 1962 to 1972 and 1973 to 1995 before and after
dam constructions, respectively.

Suspended sediments discharge before and after the construction of the dams.

Before the construction of the dams on the main tributary of the Sebou River (1940-1972), the average
suspended sediment input to the Atlantic Ocean was about 34x106 t yr! (Figure 4). The estimated mean
annual sediment yield in the Sebou basin is 850 t km2 yr-!. This value is comparable to those of other
Mediterranean areas (Lronto, Italy: 900 t km? yrland Esino, Italy: 800 t km? yr': in Milliman and Syvitski
1992); Metauro, Italy: 870 t km2 yr-: IAHS/UNESCO 1974).
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Figure 4. Variation of the suspended sediment discharge at the downstream of the Sebou River
before and after the construction of the dams.

During this period 70% of the total material coming from erosion in the upper and middle reaches of the
Sebou basin were carried to the Atlantic Ocean and 30% were deposited on the flood plain. With the
construction of Idriss 1er and Allal El Fassi dams (1973-1995), the downstream suspended sediment fluxes
decreased to 12x106 t yr! and 6x10° t yr! respectively. Consequently, the suspended sediment supply by
the Sebou River to the Atlantic Ocean was reduced about 73 % in comparison with the sediment flux
measured before the construction of dams. In 1996, after the Al Wanda dam came into operation, the

112



sediment discharge measured downstream in the Sebou River has decreased to 1.6x106 t yr-! corresponding
to a net reduction of water supply about 95%. 'This value is approximately similar to the trap efficiency
value (from 85% to 99%) calculated by Haida ¢f 4/ (submitted) and Haida (2000) for the dams constructed
on the Sebou River and its affluents. Obviously, reservoir dams can intercept most of the sediment coming
from the upstream River basin, and, thus, considerably reduce their storage capacity. According Haida ez 4/
(submitted), their useful lifetime varies from 42 to 910 years. The short time that it takes for these
reservoirs to be filled with sediment makes it necessary to consider sedimentation as a serious problem. In
addition, reservoir sedimentation can have other serious implications on the evolution of the coastal plain.
The river damming activities combined with the expansion of coastal towns, the development of beach
tourism, sand extraction for construction purposes and the construction of potts, jetties and defensive
structures have greatly altered the natural evolution of the coast (Snoussi ¢f 4/ submitted).

Variation in grain size of the suspended and deposited sediments

During the pre-dam period, the size of the suspended sediment in the lower Sebou River showed the
following proportions: 2% of sand, 52% of silt and 46% of clay (DRPE 1970) (Figure 5). After the
construction of the dams, fine sediment was released through the dams preferentially over coarse sediment,
so that the suspended sediment is dominated by the fine fraction (75% of clay) released out of the dams
especially during the flood events; it also comes from bank erosion. Similar studies show that after the
construction of dams, erosion rate increased (Colombani 1977) and the variation in the size composition of
the sediment load depends on the delivery processes downstream (Xu 1996; Milhous 1997; Al Ansari and
Rimani 1997).
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Figure 5. Grain size of the suspended load in the downstream of Sebou river before and after the
construction of the dams.

Impact of the damming activities on the sedimentary dynami cs in the Sebou estuarine zone.

Before the construction of the dams on the upper and on the middle parts of the Sebou basin, the sediment
fluxes carried by the Sebou River to the Atlantic Ocean were mainly composed of fine elements. The
propottion of the sand deposed in the estuary was approximately 2%. Thus, we can calculate the amount
of sediments deposited in the estuarine system using the proportions of the sand and the fluvial suspended
fluxes. The annual deposited sediments in this system is about 680 000 t/yt. According to DRPE (1970),
dredging is an efficient means to keep a draught of 4.5 m for navigation purposes. During the period 1954
to 1967 the dredging has varied from 1,920,000 t yr! to 660,000 t yr'. Other installations are planned for
this estuary system. Defensive structures have been constructed on many parts of the banks to keep back
fluvial sediments and to create a navigable channel with a strong current.

After the construction of the Idriss 1er, Allal El Fassi and Al Wahda dams (1973-1996), the sediment fluxes
supplied by the Sebou River estuary was reduced about 95%. Suspended sediments are still dominated by
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the fine fraction. However, the clay fraction increased after the construction of the dams. The annual
mean deposited sediment in the estuarine zone is about 16,000 t yr-!, which is 43 times less than before the
construction of the dams.

Conclusion

The variations observed in the water and the sediment discharges after the construction of the dams reflect
their effects on the physical characteristics of the Sebou basin and the estuarine zone.

Downstream, the water discharge of the Sebou River and its affluents was reduced after the construction of
the dams by about 70%. More than 95% of the total sediment load had been trapped by all the resetvoits.
Consequently the sediments will quickly fill these reservoirs and cause a considerable losses of their
capacity. After the construction of the dams, the suspended sediment grain size exhibits a high proportion
of fine sediments (75%). This fining tendency is induced by the combination of fine sediment release from
the dams especially during the flood events and by bank erosion, which intensified after dam construction.
Damming has also affected the amount of suspended sediment supplied to the estuarine zone. Thus, the
decrease in sediment flux exported by the Sebou River after the construction of the dams led to a decline in
the sand fraction deposited in the estuarine system. With the dectrease of the fluvial competence, the Sebou
River estuary will become more heavily silted and the defensive structures could induce important
modifications in the natural evolution of the coast.

The results of this study are preliminary; more detailed measurements of suspended sediment discharge and
reservoir siltation are required to provide a definitive assessment of reservoir sedimentation problems and
their effects on the river downstream and the estuary system.
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