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EXECUTIVE SUMMARY

This report is a major outcome of the “WRITESHOP” held from 21st to 24th February 2007 in
Dakar, Senegal with its focus on adaptation measures required in response to climate variability
and change for water management in West Africa.

The four-day workshop brought together experts from across the region, some of whom had
prepared preliminary documents on the main topics. The workshop, with its larger pool of
experts, developed these documents into five reports, and these form the basis of Chapters I – 5
of this document.

The highlights and recommendations of the various topics are indicated below:

Chapter I: Impact of climate change and variability on water resources in West African
watersheds: what are the prospects?

Although climate change and its impacts are only now widely recognised as a potential threat to
the future of human society, evidence of real changes have been witnessed in West Africa since
the 1970s. A reduction in rainfall in various areas ranging from 15% to more than 30% was
recorded between the period prior to 1970 and the period thereafter. In terms of waterways, the
reduction in flows has been even more pronounced with decreases ranging from 30% to 50%.
The decrease in rainfall, and its consequences for the availability of surface and sub-surface
water, substantially penalise all sectors dependent on these resources. This first chapter
discusses the impact of climate change on the variability of water resources in West Africa. It
appears from existing work that the implications of fluctuations in the rainfall regime and climatic
variability manifest themselves in various ways in the water balance of West African watersheds:
in the duration of the rainy season, the quantities of precipitation, the number of rainfall events,
watercourse flows, and the recharging of groundwater reservoirs and the wetlands.

An assessment of the future climate of the sub-region based on the work of the
Intergovernmental Panel on Climate Change (IPCC) shows a lack of consensus among the
various climatic models and scenarios in respect of the direction in which precipitation may vary,
although more than half do predict a reduction in rainfall of the order of 10 to 20%. Although
some argue that overall shortages should not be feared in the region because of the relatively
well-watered areas in Guinea and inter-zonal transfers through the major rivers, the effects of
climatic variability may nonetheless prove disastrous in that they will affect features of an
equilibrium already disturbed by man-made pressures.

Widespread poverty of many in the region, the fact that water resources have to be shared
between countries, the considerable variability of water resources, coupled with their low level of
mobilisation, and other factors, create enormous challenges for water resource management in
West Africa. The main challenges for water resource management to meet the objectives of
socio-economic development are seen as: i) making better use of water to support the
socioeconomic development of the region; ii) anticipating crises and preserving the future of
water resources and associated ecosystems especially in view of the fact that most of the river
basins in the sub-region are shared; iii) establishing water governance that serves the needs of
the population and iv) ensuring the financial sustainability of the water sector.

The chapter concludes that the range of seemingly plausible future climate scenarios highlights
the fact that what is important is the management of uncertainty. This will require a sustained
effort to reduce the present vulnerability to climatic variability and change, while keeping
management options open to deal with the least favourable scenarios should they arise, and
seizing any opportunities that appear during this process. In terms of actions to achieve this goal
the following are recommended:



7

Synthesis Report – WRITESHOP – 21-24th February 2007

Promoting the collection of meteorological, hydrological, socioeconomic and environmental
data;
Promoting research to reduce uncertainty;
Providing university establishments and research institutes with technical and financial
resources so that they can develop skills in process modelling and impact assessment;
Establishing a reliable information network (i.e. optimised and systematic observation and
monitoring networks involving meteorological and hydrological departments) and effective
management platforms for data and information;
Setting-up a West African water resources observatory;
Promoting good governance and integrated management of water resources;
Building up and intensifying training on vulnerability assessment and adaptation measures in
the water resources sector.

Chapter II: Possible practical adaptation measures for a river basin in West Africa for
water management purposes: the OVMS case

The primary importance of adopting a watershed approach to water resource management in
the context of climate variability suggests that potential adaptation measures should also be
sought on that scale. Adopting this perspective, this chapter considers the case of the Senegal
River basin (OVMS) and pinpoints the various efforts and initiatives undertaken by the riparian
states to achieve better management of water resources through taking into account the climate
dimension. The initiatives discussed cover a range of areas: legal (conventions, charters, codes,
etc.), institutional activities (Conferences of Heads of States and Government, High
Commissions, Management Companies, Committees, etc.), physical undertakings
(infrastructure for agriculture, cattle rearing, fisheries, energy, transport, etc.), and protection of
ecosystems, improving capabilities and information, heightening awareness, communication.

This chapter highlights the achievements and lessons learnt from this integrated management of
the Senegal River basin over recent decades but also the limitations and shortcomings
observed so far. The achievements extend from government commitments (political
determination and institutionalisation) to the achievement of outcomes that benefit the
population resulting from the intervention programmes implemented in the watershed.
Shortcomings, were found in several areas: technical (inadequacy of the interlinked monitoring
of projects and programmes, limited capacity for taking action at the local level, failure to
observe timetabling of activities at regional level, etc), structural (lack of communication among
the various categories of players concerned, lack of harmonisation in priorities between the
national and regional level) and also financial (difficulty in raising adequate funds to support
planned social programmes).

Recommended practical measures that would help in adapting to climatic variability and change
in the West African cross-border basins reflected these various dimensions:

Legal (establishment of an adequate legal and institutional framework);
Technical (climate change scenarios, micro-irrigation, management of floods and droughts, a
modern water resources measurement network, a suitable database, revenue-generating
infrastructure, combating invasive aquatic plants/sandbanks/bank erosion/waterborne
diseases, etc.);
Financial (machinery for mobilising financial partners);
Enhancing capabilities, infrastructure etc.

Chapter III: Climate, vulnerability and adaptation of the management of water resources
at the community level in West Africa

This chapter focuses on the relevant options for community-level implementation aimed at
achieving long-lasting adaptation in water resource management in the context of climate
change. It combines the result of several local surveys carried out in West Africa with the
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outcome of a consultation process with West African experts. In drafting this chapter, we
adopted a livelihoods approach which helped in identifying the major impacts of climate
variability and change on the livelihoods and lifestyles of communities.
The analysis carried out showed that these livelihoods and lifestyles, mainly based on the use of
natural resources, are already, directly or indirectly, affected by climate variability. Starting from
the adaptation measures spontaneously implemented by the communities themselves, and
pursuing a participative approach, this analysis has resulted in a series of adaptation measures
that could be implemented at the community level to protect livelihoods including:

Building and rehabilitating hydraulic works (wells, watercourses, dams) and recharging
groundwater;
Construction of water supply points (boreholes, modern wells, etc.);
Introduction of renewable energy pumps (solar, biofuels, wind, etc.);
Protection and rehabilitation of the banks of water bodies (re-afforestation, etc.);
Establishment of early-warning and flood management systems;
Income-generating activities (market-gardening, off-season crops, aquaculture, fish-farming,
agro-forestry, carbon credit, etc.);
Use of seeds more suited to drought conditions;
Promoting techniques that make better use of water (seed transplanting, etc.);
Reduction of livestock numbers in dry periods.

Any proposed adaptation strategies linked to water resources must be achievable, affordable
and, what is more, plausible, i.e. convincing and in harmony with the local culture. They must
cater for the needs and priorities identified by local communities and adopt perspectives
expressed locally and which are accessible to the local population. To achieve this, there is a
need to:

Establish an experience exchange network among communities;
Strengthen the ability of communities to self-manage structures;
Document local knowledge regarding water resource management.

Proposed community adaptation strategies should also consider specific aspects if they are to
become sustainable:

Credibility – the need for confidence in outsiders;
Legitimacy/acceptability – according to local culture and ethics;
Feasibility – adaptation actions identified have to be feasible;
Accessibility – should not constitute an additional burden on local populations;
Effective participative communication – decisions and adopting strategies should be in
accordance with local aspirations and priorities.

Chapter IV: Possible practical political and institutional measures to facilitate adaptive
management at different levels in West Africa

The responses to climatic variability and changes in recent decades have, for the most part,
been reactive and spontaneous and one may even speculate on whether these adaptive
responses have lessened the impact of climatic shocks or not. Either way, in view of the
predicted climatic developments, such adaptation measures run the real risk of being
inadequate and, consequently, will require strengthening and widening.

A range of priority institutional measures are advocated that should increase the adaptive ability
of West Africa in terms of water resource management:

Promoting the integrated management of water resources, in particular by drafting and
implementing national plans to this effect;
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Protecting wetlands, in particular though the effective implementation of the obligations of
the states of West Africa within the framework of the RAMSAR Convention on wetlands;
Minimise the risk of inter-state conflicts over water by promoting the United Nations
Framework Convention on the use of trans-boundary waters for purposes other than
navigation;
Securing property tenure so as to encourage investment in adaptation measures;
Strengthening legal and regulatory measures to preserve the quality of water;
Ensuring that the financial and human resources required are mobilised in time to allow the
effective implementation of national climate change adaptation plans currently being
prepared in 14 of the 17 countries of West Africa;
Considering climate change as one of the key parameters in feasibility studies for hydraulic
and water-agricultural projects or others targeting river basins. Similarly, it is important to
include measures to relieve the impacts of climate change in major initiatives involving river
basins;
Finally, taking appropriate legal, regulatory and organisational measures to reduce the
impact of floods, the scale and frequency of which are likely to increase with climate change.

Chapter V: Possible practical measures for increasing capacities in West Africa for
integrating adaptation to climate change in water resource management

This chapter deals with practical measures for building the capacities required to carry out the
adaptations proposed in the earlier chapters. This capacity-building concerns human resources
and more particularly individual and institutional knowledge and skills.

Taking the adaptations proposed in the previous papers as a starting point, this chapter
attempts to define appropriate practical measures to be taken in the area of capacity building. It
identifies targets and what it required to meet them in various categories such as raising
awareness, training, technical equipment and facilities, the legal and administrative framework,
finance and the exchange of information. Overall, these measures add up to the support
required to implement the adaptations recommended in response to the potential variability and
change in climate outlined earlier.

The main target groups identified were as follows:

Government departments – technical departments, based in ministries and their associated
institutions, operating in the water and sanitation sector in charge of programming activities;
Private enterprises – e.g. companies, chambers of commerce, trade federations;
Private operators active in the water and sanitation sector;
Policymakers – elected representatives who speak for the people at various political and
administrative levels;
The media – journalists (television, radio and state and private newspapers) broadcasting
information particularly relevant to the water and sanitation sector;
NGOs and grassroots associations – players operating at various levels among the
population both in the water and sanitation sector and in the protection of natural resources
in general;
The communities – local populations involved with welfare, subsistence and profit-making
activities, especially those whose activities depend on water and aquatic ecosystems;
Universities, research centres and technical colleges – centres of excellence dealing with
technical issues and researching into a better understanding of natural phenomena,
particularly those related to water and aquatic ecosystems;
West African intergovernmental bodies – key centres for building capacities and sub-regional
cooperation, particularly where the climate, water and the management of regional basins
are concerned.
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The capacity-building strategies will have to be tailored to the specific levels and objectives. In
terms of the adaptation of water resource management to climate change in West Africa, it is
possible to envisage several forms of action according to the targets concerned. Overall, these
actions can be classified as follows:

Raising awareness, enhancing information and communication;
Training and the development of a knowledge base;
Technical equipment and facilities;
Legal and administrative framework;
Raising funds;
Cooperation and information exchange.

A standard approach is suggested that facilitates the identification of the areas that need to be
enhanced for each target group in terms of the adaptation measure envisaged.
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OBJECTIVES AND METHODS OF THE WRITESHOP

The “ WRITESHOP “, held from 21st to 24th February 2007 in Dakar, Senegal, led to the production of this
summary report. This report is not intended to serve as a reference for future research but rather as a
means of highlighting practical measures that might be taken in the region. The description of these
practical measures in this summary report are intended to be sufficiently detailed to serve as a basis for
future project proposals related to adaptation to climate change in the West Africa region.

The preparations leading to this report consisted of a process divided into four phases: a) the preparation
of a set of draft reference documents; b) a “writing workshop” (here referred to as “WRITESHOP”) during
February 2007 based on the reference documents; c) subsequent revisions after the February 2007
meeting towards finalising the document; and d) the publication of the summary report. This approach is
in line with the participative writers’ workshop approach launched in the Philippines by the International
Institute for Rural Reconstruction – briefly described below

In preparation for this “WRITESHOP”, five technical reference documents were produced, and these were
later further developed into the chapters of this report:

1. Impact of climate change and variability on water resources in West African watersheds: what are
the prospects? by Abel AFOUDA;

2. Possible practical adaptation measures for a river basin in West Africa for water management
purposes: the OVMS case by Tamsir NDIAYE;

3. Climate, vulnerability and adaptation of the management of water resources at the community
level in West Africa by Lawrence FLINT and Mamouda MOUSSA NA ABOU;

4. Possible practical political and institutional measures to facilitate adaptive management at
different levels in West Africa by Madiodio NIASSE;

5. Potential practical measures for increasing capacities in West Africa for integrating adaptation to
climate change in water resource management by David PURKEY.

A key objective of the workshop was to bring together a group of experts capable of identifying the issues
related to handling climate change in the management of cross-border water resources in West Africa.

The meeting was also aimed at building capabilities within the participating countries so that a growing
body of specialists would be available to formulate, implement and evaluate climate change adaptation
policies in the field.

South-South collaboration is seen as a decisive factor in strengthening these capabilities. To facilitate
South-South collaboration, the partners at the meeting were together tasked with developing a summary
document that would constitute the final outcome of this phase.

While this summary report is certainly a valuable outcome, the process of producing the document
has proven to be at least as important.

The meeting in February 2007 in Dakar, Senegal, constituted the first stage in this process. It brought
together partners from the countries concerned, the technical support team from the NCAP/ETC
programme and ENDA (Third World Environment and Development)

Writing workshops speed up the production of written documents. During the writing workshop process,
documents can be drafted, revised and finalised quickly, taking full advantage of the technical
knowledge of workshop participants.
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A “ WRITESHOP “ thus constitutes an extremely flexible process. The repeated presentations, exchanges
of views and revisions of drafts enable thorough scrutiny and revision of the papers enabling fresh topics
to emerge and be added, and others to be left out or divided.

At the outset of such a workshop, participants toss around ideas for further topics (in addition to those
already prepared) that might be included in the final document. Relevant fresh topics are assigned to
participants who are familiar with them, who then take on the task of working them up and presenting
them during the workshop.

The workshop thus enables all participants to contribute, taking advantage of the experiences and
knowledge of all those attending and, at the same time, the “new” ideas can quickly be discussed by a
wide range of experts.

The wide range of competences, organisations and backgrounds represented by the participants is key in
ensuring that a range of ideas are expressed in the documents produced.

By concentrating resources in both time and space, documents are produced far more expeditiously than
usual. Moreover, by enabling participants to share their experiences, fruitful relationships are established
that will last long after the workshop is over.

Before the writing workshop starts, potential
topics are selected and experts tasked with
developing a preliminary draft paper on each
topic following, proposed guidelines. These
participants bring their drafts to the writing
workshop along with various other reference
documents.

During the actual workshop, experts present
their drafts. Copies of each draft are also
handed out to all the other participants, who
are encouraged to make comments and
suggest amendments.

After each presentation, an editor assists the
author in revising and reworking the paper.
The revised text becomes a second draft. At
the same time, other participants are
presenting the papers they have prepared.
Everyone works in turn with the editors to
revise and illustrate their papers.

Each expert then presents the revised draft
to the group. The audience makes fresh
comments and suggests further
amendments. After the presentation, the
editors again assist with the revision and
production of a new version.

Where deemed necessary, this third version
may be circulated to participants to obtain
their final comments and suggestions for
further revisions.

The final version is completed, printed and
distributed shortly after the writers’ workshop
is over.
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GENERAL INTRODUCTION

Although it is impossible to attribute it entirely to climate change, observations over the last few
decades show a considerable variation in the hydrological cycle in the West African sub-region.
Since the 1970s, we have witnessed a drop in the average annual rainfalls ranging from 15% to
30%. This change in rainfall, combined with changes in land use, has led to a decline ranging
from 40% to over 50% in the modules of the major hydrographic basins in the sub-region over
the same period. There are other changes as well, such as the temporary and even permanent
drying-up of some occupied areas, falls in the water table and a decline in fisheries production
with the disappearance of certain species, etc.

Unfortunately, with climate change predicted to bring about an increase in world temperatures of
between 1° to 6° by 2100, it is acknowledged that the hydrological cycle is going to change
further with greater climate variability. These swings in the hydrological cycle will mean more
droughts and/or more floods depending on the regions concerned. Despite the fact that the
impact of climate change on water resources and the wetlands in West Africa is not known with
certainty, it is nonetheless necessary to introduce preventative and adaptive measures. The first
paper in the series prepared for, and adapted at, the WRITESHOP, (‘Impact of climate change
and variability on water resources in the watersheds of West Africa: What are the prospects?’)
outlines the present state of knowledge on the subject and indicates some priority directions to
follow.

There is an urgent need to enhance the sub-region’s adaptive capacity in terms of management
of the water resources of the hydrographic basins since much of the impact of climate change
can be reduced by adopting adaptive measures, strategies and policies. The main reasons
generally put forward concerning the need for adaptation measures vis-à-vis climate change
are:

It is not possible to completely avoid climate change – part of what has occurred is
irreversible;
Adaptation by anticipation is more effective and less costly than last-minute emergency
adaptation;
Climate change might prove to be faster and more pronounced than current estimates
suggest – unpleasant surprises cannot be ruled out;
Immediate benefits can be gained from appropriate adaptation to climatic variability and
extreme atmospheric events;
Immediate advantages can ensue from eliminating policies and practices that are not
compatible with adaptation.

The other four papers in the series deal with practical adaptive measures, at the level of
hydrographic basins and local communities, in terms of policies, institutions and the
enhancement of capabilities.

Practical measures at the level of a hydrographic basin for the management of water resources
facing variability and climate change are presented and analysed through a case study
concerning the Organisation for the Development of the Senegal River (OMVS). Confronted with
drastic changes in the Senegal River’s flows as a result of the reduced rainfall in the 1970s and
1980s, and seeking to make better use of the basin’s water resources, the states of Mali,
Mauritania and Senegal set up the OMVS on 11th March 1972. Its primary mission was to
develop and coordinate relevant strategies to facilitate water resource management and
development on a sustainable basis for their mutual benefit. To achieve these objectives, the
OMVS implemented practical legal and institutional measures, along with the construction of
engineering works (the Diama and Manantali dams), in addition to activities concerning the
protection and restoration of the ecosystem, strengthening capacities, heightening awareness
and spreading information.
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All of these aspects are described in the second paper. The lessons learnt are outlined together
with practical measures, drawn from this experience that can be put in place to help manage
resources at the level of a cross-border basin under threat from climate change. If there is one
essential practical measure, it is the establishment of a basin authority equipped with legal and
institutional texts, and backed by political will from the highest level of the states concerned, and
equipped with facilities commensurate with its ambitions. West Africa, it should be recalled, has
30 hydrographic basins that are shared by two or more states but currently only five basin
organisations (OMVS, OMVG, ABN, CBLT and VBA) in place.

The considerable vulnerability of African states, and particularly those in West Africa, is
recognised in many of the publications on climate change including several IPCC reports. Apart
from the climate factor, one of the main reasons for this focus is that more than 70% of the sub-
region’s population is rural and practices rain-fed agriculture. It is hence subject to climatic
contingencies. In addition, the access rate to potable water is generally below 50% in most of
the sub-region countries. As for sanitation, the rate rarely exceeds 10% in the rural areas.
Further, the poverty rate among these populations is very high. Consequently, the local
population, composed almost exclusively of rural communities, is very vulnerable to rainfall
variability and climate change. To survive the impact of changes that have already occurred,
they have had to develop local adaptive strategies. The third paper deals inter alia with such
practical adaptive measures. An inventory of the various strategies used at the community level
is outlined. Practical measures are analysed in terms of community (fishermen, small farmers,
cattle rearers, traders, hauliers, etc.) livelihoods.

In order to cope with the consequences of the droughts in the 1970s and 1980s, the states in
the sub-region established several policies and institutions at national and sub-regional level.
For example, the Permanent Inter-State Committee for Combating Drought in the Sahel
(CILSS), with its specialist agencies INSAH (Institut du Sahel) and AGRHYMET (Regional Centre
for Agro-Hydro Meteorology), constitutes a unique regional political initiative aimed at dealing
with the impact of climatic variability on the socioeconomic activities of the Sahel population,
especially agricultural production and the management of natural resources. Similarly, basin
organisations have been set up in West Africa to improve the management of water resources,
namely the Niger Basin Authority (ABN), created in 1964, the Organisation for the Development
of the Senegal River (OMVS) in 1972, the Organisation for the Development of the Gambia
River (OMVG) in 1975 and the Lake Chad Basin Commission (CBLT). In addition to these, in
2006, the Volta Basin Authority (VBA) was officially established. To improve water resource
management, the sub-region set up, in 2003, a water resource coordination unit whose remit
was the promotion of integrated water resource management. The fourth paper in the series,
analyses the main political and institutional measures put in place in the sub-region, and
describes the priority political and institutional measures to be instituted in the context of climate
change. These include the promotion of integrated management of water resources, protection
of wetlands, the promotion of the United Nations Framework Convention, use of cross-border
waters for purposes other than navigation and strengthening of legislative and regulatory
frameworks concerning water quality, land tenure, flood control and financial mechanisms.

The efficient implementation of all the practical adaptation measures proposed in the first four
papers requires the enhancement of capabilities at the level of the actors involved. The fifth
paper is devoted to this issue. The two major questions here are: whose capabilities need to be
strengthened, and on what specific issues? The paper has answered the first question by
identifying, in generic terms, the groups of actors that should be focused upon (government
departments, private enterprises, policymakers, the media, non-governmental organisations
(NGOs) and grassroots associations, the communities, universities and research centres and
intergovernmental bodies). The specific aspects that require strengthening are, in general terms:
(i) increasing awareness, information and communication; (ii) training and developing a
knowledge base; (iii) technical equipment and facilities; (iv) legal and administrative frameworks;
(v) fund raising and (vi) cooperation and information exchange. After identifying the relevant
groups to be strengthened and the approach required, a table has been created for each priority
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adaptation measure in which the nature of this supportive requirement is clearly identified for
each group.
It is essential that each of the practical adaptation measures identified in the first four papers be
accompanied by measures to build up the capacities of those involved. The conceptual table set
out in Paper 5 pinpoints, for each group of stakeholders, the type of support they will need.
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Chapter I: Impact of climate change and variability on water resources in West
African watersheds: what are the prospects?

By: Abel AFOUDA (University of Abomey, Benin) (Writer), Mohamedou OULD BABA SY (OSS, Tunisia), Amadou
Thierno GAYE (UCAD, Senegal), Alexandre CABRAL (PANA, Guinea-Bissau), Yahaya NAZOUMOU (UAM, Niger),
Jean Abdias COMPAORE (ABN, Niger), Rabé SANOUSSI (MH/E/LCD, Niger)

Summary

Climate change and its impacts constitute a potential threat to the future of human societies.
The decrease in rainfall and its consequences for the availability of surface and sub-surface
water, as observed over recent decades in West Africa, substantially penalise all sectors
dependent on these resources. A reduction in rainfall in various areas ranging from 15% to more
than 30% was recorded between the period prior to 1970 and the period thereafter. In terms of
waterways, the reduction in flows has been even more pronounced with decreases ranging from
30% to 50%. This phenomenon constitutes the regional manifestation of global warming which
is currently intensifying the water cycle worldwide. This paper sets out to identify and study the
impact of climate change on the variability of water resources in West Africa. It appears from
existing work that the implications of fluctuations in the rainfall regime and climatic variability
manifest themselves at different levels in the water balance of West African watersheds: in the
duration of the rainy season, the quantities of precipitation, the number of rainfall events,
watercourse flows, and the recharging of groundwater reservoirs and the wetlands.

An assessment of the future climate of the sub-region based on the work of the IPCC shows a
lack of consensus among the various climatic models and scenarios in respect of the direction in
which precipitation may vary, although more than half do predict a reduction in rainfall of the
order of 10 to 20%. In terms of future changes in the watercourse flows in the sub-region,
uncertainty is even greater. For a predicted reduction in rainfall of 10 to 20%, a fall-off in flows of
20 to 40% might be expected. Moreover, in the coastal areas, a rise in sea level of 0.5 to 1
metre is expected by the end of the 21st century.

Although some argue that overall shortages should not be feared in the region because of the
relatively well-watered areas in Guinea and inter-zonal transfers through the major rivers, the
effects of climatic variability may nonetheless prove disastrous in that they will affect features of
an equilibrium already disturbed by man-made pressures.

Keywords: West Africa, rainfall, climatic variability, climate change, climatic variability and
change, desertification, vulnerability.

1.1 Introduction

The global warming currently experienced worldwide intensifies the water cycle. It results in an
exacerbation of problems associated with the availability and management of water resources.
The global climate change that seems to be emerging results in a substantial increase in rainfall
in the humid zones of the cold regions, while in the arid and semi-arid regions precipitation is
tending to decrease. Furthermore, the arid and semi-arid regions are tending to expand. In West
Africa, these trends are much more pronounced because of the presence of the world’s largest
desert, the Sahara. For the last forty years, the countries of West Africa, in both the Sahelian
and Sudanese zones, have been subjected to climatic variability and prolonged rainfall
shortages with immediate and substantial consequences. Work by Nicholson et al. and by
Hubert and Carbonnel fix the onset of this phenomenon to the end of the 1960s and the
beginning of the 1970s. The scale of this climatic change in the Sudanese zones (south of the
14th parallel) and the impact on water resources were studied by Servat et al., Paturel et al. and
Le Barbé and Lebel during the 1990s. An analysis of historic rainfall series shows a clear
tendency for the isohyets to shift southwards reflecting a generalised decrease in rainfall
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throughout West Africa. The corresponding shortfalls in rain are of the order of 20%, and
sometimes over 25%. All the activities based on the availability of water are nowadays strongly
penalised by the decrease in precipitation and its impact on water resources (agriculture,
reservoir levels, the supply of drinking water, hydroelectric production, etc.). Further, the effects
of this increased variability prove to be particularly harmful to the environment insofar as they
have a negative effect on aspects of an equilibrium already disturbed by man-made pressures.

The purpose of this chapter is to take stock: (i) of the variability in the West African climate in the
20th century; (ii) of the likely variability in the climate in this region in the 21st century and its
implications for water resources in the regional watersheds; and (iii) of the opportunities for
water management and the constraints they would represent for the region.

1.2 Physical environment

West Africa extends over a vast geographic and complex political setting of 7,500,000 km2 with
an estimated 260 million inhabitants (i.e. about 30% of the population of Africa). Various
projections suggest the population will reach 300 million by 2015 (Beckman et al.) or even
double by 2020. Whatever the reality, there will be a proportional increase in needs in terms of
food and water, living space and basic social services. This population is unevenly distributed,
with country densities varying from 2.2 inhab./km2 in Mauritania up to 109.3 inhab./km2 in
Nigeria.

The countries of West Africa are often divided into two major sub-groupings:

The Sahelian countries that fall within the Standing Inter-State Committee for Combating
Drought in the Sahel (CILSS): Burkina Faso, Cap Verde, Chad, Gambia, Guinea-Bissau,
Mali, Mauritania, Niger and Senegal.

The countries of the Gulf of Guinea: Benin, Côte d’Ivoire, Ghana, Guinea, Liberia, Nigeria,
Sierra Leone and Togo.

1.2.1 Climate characteristics

West Africa falls within a range of climate zones. The influence of latitude on precipitation and
temperature is such that it can be seen as the primary geographic parameter in determining
climate. In practice, most of the countries in the sub-region cross several eco-geographical
zones.

Considering the distribution of rainfall we can distinguish five eco-geographic areas:

A Saharian zone with generally less than 150 mm of rain per year;
A Sahelian zone, also called the arid zone, with on average between 150 and 400 mm of
rain per year;
A Sudanese-Sahelian zone still described as semi-arid where average annual rainfall lies
between 400 and 600 mm;
A sub-humid Sudanese zone with an average annual rainfall between 600 and 900 mm; and
A humid Sudanese-Guinean and Guinean zone where the average annual rainfall varies
between 900 and 1,500 mm and in some places even more.

The distribution of rainfall is generally linked to the North-South-North movement of the Inter-
tropical Convergence Zone (ICZ) – the area where the southern humid air masses (the African
monsoon) meet the northern dry air masses (the harmattan). Recent studies (Taupin et al.) have
shown that the movement northward of the Inter-tropical Convergence Zone (ICZ) is unsteady
and that the Sahel rains are principally convective in origin. These convective rains are marked
by their strong intensity and considerable spatial variability. From South to North the rainy
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season is becoming shorter and shorter and is followed by a long dry period when evaporation
and evapotranspiration reach maximum levels. There is inter-annual irregularity and
considerable spatial heterogeneity in precipitation.

Further south, areas with humid tropical climates and dry tropical climates can be distinguished.
The first is characterised by two rainy seasons alternating with two dry seasons (the main dry
season between November and April and a short dry season in August and September). This
type of climate is found along the Gulf of Guinea, running from the Republic of Guinea to
Nigeria. The dry tropical climate, on the other hand, is characterised by a single dry season that
becomes longer as one moves north.

This climatic classification suggests a strong contrast between humid and arid regions, but the
differences are very much toned down by the hydrographic network. The main rivers (Niger,
Senegal, Gambia) rise in the well-watered Sudanese-Guinean regions and cross into the
Sahelian zones where there is a chronic shortage of rainfall. These rivers therefore provide a
form of interzonal transfer of fresh water from the humid to the arid areas.

1.2.2 Water resources

Surface water

Surface flows are governed by the rains, whose irregularity is often accentuated by local run-off
and infiltration conditions determined by the state of surface soils. Apart from the rivers rising in
the humid zones, complete drying-out is the general rule in the dry season, even in the major
basins.

The region overall is traversed by a number of rivers:

The Niger River, with its source in Guinea in the Foutah Djallon mountain range, which
crosses Mali, Niger and Nigeria before flowing into the Atlantic is the most important shared
river in West Africa with a length of 4,200 km. Its watershed, estimated at more than
2,200,000 km2, is divided between the territories of eight states in West and Central Africa:
Guinea (4.6%), Mali (30.3%), (Niger 23.8%), Nigeria (28.3%), Benin (2.5%), Burkina Faso
(3.9%), Côte d’Ivoire (1.2%) and Cameroon (4.4%);
The 1,600 km long Volta River has its source in Burkina Faso and crosses Togo, Benin,
Ghana, Côte d’Ivoire and Mali before flowing into the Atlantic in the Gulf of Guinea. Its
watershed covers 394,100 km2 divided between Burkina Faso (42%), Ghana (40%), Togo
(6%), Mali (5%), Benin (4%) and Côte d’Ivoire (3%).
The Senegal River also has its source in Guinean Foutah Djallon mountain range and
crosses Mali, Mauritania and Senegal before flowing, after 1,800 km, into the Atlantic Its
watershed covers 337,000 km2, divided between Guinea (11%), Mali (53%), Mauritania
(26%) and Senegal (10%).
The 1,120 km long Gambia River has its source in Guinea, and crosses Senegal and
Gambia before flowing into the Atlantic. Its watershed of 78,000 km2 is divided between
Senegal (70.22%) Guinea (16.46%), Gambia (13.30%) and Guinea-Bissau (0.02%);
There are several lesser rivers which are located mainly in the coastal areas including: the
Comoé (flowing through Burkina Faso, Côte d’Ivoire and Ghana), the Mono (Benin and
Togo), the Oueme (Bénin and Nigeria), the Mona (Sierra Leone and Liberia), the Kabi and
Kolente (Guinea, Sierra Leone), the Koliba (Guinea, Guinea-Bissau), the Komadugu-Yobe
(Niger, Nigeria, Chad), the Logone (Chad, Cameroon), the Chari (Chad, Cameroon, Central
Africa) and the Cayanga/Geba (Guinea, Senegal, Guinea-Bissau).

Most of these rivers and hydrographic basins play an important role in the socioeconomic
activities of the countries they cross (providing drinking water, power, irrigation; enabling
fisheries, navigation, cattle rearing, etc.). Figure 1 below illustrates the main rivers and their
basins.
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      Figure 1: The main rivers and the hydrographic watersheds in the region, Source: AGRHYMET

The various states’ water resources depend on their geographic position. The Foutah Djallon
mountain range feeds the Gambia, Senegal (and the Baffing, Bakoye and Faleme branches),
Corubal, Kaba and other rivers flowing into the Atlantic through Guinea and Guinea-Bissau.

The Guinea ridge is the source of a considerable hydrographic network: the Niger River and its
tributaries on the one side, and the Moa (Makona), Mano-River, Loffa, Via and Diani on the
other.

Given their cross-border nature, the main rivers are managed jointly by the riparian states
through river basin authorities (see Table 1). Efforts are under way to enhance the synergy
around the basins by creating new organisations linked to the basins with a view to achieving
sustainable quantitative and qualitative management.

Most of the rivers offer important socioeconomic potential, particularly in the Sahel floodplains
and through potential hydroelectric sites. Through the interzonal freshwater transfers, the
floodwaters extend each year over vast areas of the Sahel, irrigating up to 4.6 million hectares in
good years. The largest areas are those of the inner delta of the Niger (3,000,000 ha), the mid-
valley of the Senegal (500,000 ha), the Hadejia-Nguru plain in northern Nigeria (400,000 ha)
and the Chari-Logone plain in Cameroon and Chad (800,000 ha).
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Table 1: Basin areas and annual average flows of the major rivers

River Drainage basin (km2) Annual average flow
(million m3)

Managing
Organisation

Niger 1 215 000 221 500 ABN
Volta 394 100 39 735 VRA

Senegal 338 000 21 800 OMVS
Gambia 77 850 5 050 OMGV
Mono 22 000 3 675 CEB

 Source: Beekman et al. (2005)

Another striking geographic feature of the region is the length of its shoreline. Including Cap
Verde, it extends over 15,000 km. Out of the 17 countries in the region, only four (Mali, Burkina
Faso, Niger and Chad) are landlocked. The populations tend to be concentrated in the coastal
areas (that is, within 60 km of the coast) and it was estimated that 42.64 million people, i.e. a
quarter of the populations of the countries having a shoreline, lived in this relatively narrow strip
in 1994 (Niasse et al.). Major urban centres, such as Lagos, Accra, Dakar, Abidjan, Cotonou,
Lome, Nouakchott, Bissau, Port Harcourt, tend to be located on the coast. This coastal area
continues to grow demographically, facilitated by the urban drift from the rural areas and
encouraged by the concentration of economic infrastructure and investment in the major urban
centres along the coast.

Sub-surface water

The availability of sub-surface water is largely governed by climate and geology. Sub-surface
water resources are to be found in the great sedimentary settings and also in crystalline rock.
The availability of such resources depends on the storage capacity and the degree of recharge
of the aquifers that the geological conditions permit. The shear number of aquifer systems in the
region makes it impossible to provide any worthwhile generalisations about the availability of
sub-surface water.

The region contains several local hydro-geological basins and major cross-border aquifer
systems, the most important being:

Chad Basin (Niger, Nigeria, Chad, Cameroon) ;
The Iullemeden Basin (Niger, Nigeria, Mali, Algeria and Benin) ;
Taoudeni Basin (Mauritania, Algeria, Mali, Burkina Faso) ;
Mourzouk-Djado Basin (Niger, Algeria, Libya and Chad) ;
Senegalo-Mauritanian Basin (Senegal, Mauritania, Gambia, Guinea-Bissau).

The hydro-geological basins consist of groundwater directly fed by infiltration, plus deeper areas
where the recharge rate is so low relative to the volume (particularly in the great aquifer basins)
that they can be viewed in a similar way to fossil fuel reserves. The aquifer depths relate to the
geological formations. On the local level, there are several alluvial aquifers linked to and closely
associated with hydrographic networks. Thee sub-surface waters constitute the main source of
drinking water for the population. Shallow waters are accessed using wells and the deeper
sources by boreholes.

The interactions between the rivers and the sub-surface waters are essentially one-way. The
rivers recharge the groundwater reserves through the alluvium, submerging the plains during the
flooding period and the water filtering down into the aquifers; any reverse flow from these
reserves into the rivers during the low-rainfall periods is negligible.



24

Climate Change Adaptation and
Water Resources Management in West Africa

1.2.3 Water usage

Inter-zonal transfers reflect the strong interdependence of the countries in terms of the use and
management of water resources, and almost half of them have a dependence factor of 40% or
above (see Table 2).
Agriculture, especially for irrigation purposes, is the main consumer of water (76% of freshwater
withdrawals) against 17% for domestic consumption and 7% for industry. In terms of domestic
consumption, in 1995, only 40% of rural populations and 64% of urban populations in the region
had access to potable water. Non-consumptive uses of water include hydroelectric production
and navigation. Nevertheless, the largely rain-fed agriculture still dominates the economies of
most countries in the region. It generates 29% of the region’s GDP and involves nearly two-
thirds of the active population.

Table 2: Availability, dependency and use of renewable water resources (WWDR2, 2006)

Country Quantity/yr/capitam3) Dependence (%) Usage* (%)

Benin 3820 61 2
Burkina 930 0 6

Cap Verde 630 0 9
Côte d'Ivoire 4790 5 1

Gambia 5470 63 0.4
Ghana 2490 43 1
Guinea 26220 0 1

Guinea-Bissau 20160 48 0.4
Liberia 66530 14 0.05

Mali 7460 40 7
Mauritania 3830 96 15

Niger 2710 90 6
Nigeria 2250 23 3
Senegal 3810 33 4

Sierra Leone 30960 0 0.2
Congo 2930 22 1
Chad 4860 65 0.5

*Renewable water resources actually used as a percentage of renewable water resources that could be made
available for use in a country

The predicted doubling of the population will put further pressure on water resources.

1.3 Climate variability in the 20th century

1.3.1 Climate Change and Variability

Since the end of the 19th century, the average global temperature of the planet has increased by
some 0.6°C, with the 1990s being the hottest decade (IPPC-2001). A general consensus
emerged within the IPCC to the effect that:

The warming observed over the last fifty years is essentially due to human activities;
The warming trend will persist until the end of the current century even if greenhouse gas
emissions were stabilised;
The frequency and intensity of extreme hydrological processes and disturbances in the
hydrological cycle will increase.
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The climatic conditions in West Africa have always been marked by significant spatial and
temporal variability. Over recent decades, they have seen chronic large-scale upsets
characterised by:

Rainfall shortages of the order of 20%, sometimes reaching values above 25% in humid
climate areas and more than 30% in areas with a historically drier climate;
Recurrent droughts due to the decline in rainfall and greater uncertainties in its distribution,
leading to a decrease in river flows of the order of 20 to 60%, particularly in the large rivers;
A clear tendency for the isohyets to drift southwards (by approximately 200 km).

1.3.2 Changes in water resources

Work based on long-term hydrological observations has shown:

Surface water in general

A clear step-change in rainfall between 1968 and 1972, with 1970 seen as the pivotal year;
A general drop in average rainfall of about 15% to 30% according to the zone;
A reduction in the number of rainy days and shorter rainy seasons;
A greater variation in the start times of the various seasons;
A change in annual average river flows reflecting the drop in rainfall (between 1968 and
1972);
A depletion of surface water resources in the major basins (from 40% to 60%), i.e. more
pronounced than for precipitation;
A drastic fall in water volumes transiting through the major rivers;
Increasingly severe low water-level situations with frequent cessations of flow in the rivers;
An increase in the run-off coefficient for the small basins; A proliferation of invasive
vegetation (e.g. water hyacinth, typha) because of reduced flows, warmer water and
eutrophification;
A failure to fill most of the dam reservoirs during rainy seasons, with socioeconomic
consequences due to a reduced water supply to towns;
Disturbances in hydroelectric dam operations due to both flooding and low water situations.

Wetland-specific

A considerable reduction in the area of natural wetlands both inland and on the coast;
An overall increase in evapotranspiration.
A reduction in fisheries production;
A drop in biodiversity;
Accelerating coastal erosion (roughly 1 to 30 metres per annum depending on zones);
Intrusion of saltwater into coastal lagoons (e.g. Cotonou lagoon) and consequent threat to
freshwater biodiversity.

Sub-surface water

A substantial depletion in the rate of recharge of major aquifers;
A drop in the water table and discharge coefficient, reducing the contribution of groundwater
to the major rivers;
A depletion of sub-surface water reserves in the humid and sub-humid zones;
Saltwater intrusion into coastal groundwater supplies due to their over-exploitation or a rise
in sea level.
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1.4 Plausible climate developments in the 21st century

Changes to the physical and chemical properties of the atmosphere, resulting from human
activities, impinge directly on the quality of life, if not the very existence of certain life forms.
Extreme meteorological and hydrological phenomena, such as droughts and floods, often cause
major and long-term, if not permanent, disturbances to ecological and socioeconomic systems.
A growing crisis is looming in terms of water resources because of the recent decreases in
rainfall and river flows and more generally because of the ongoing depletion of the water
available, pollution issues and the unsatisfactory situation with regard to sanitation. To be viable,
socioeconomic systems have to be able to stand up to present and future meteorological and
hydrological extremes, and to be sufficiently robust to permit rapid recovery in the event of
failure.
Several approaches are currently used by the IPCC in studying climate change and its impact
on a range of sectors. However, the General Atmosphere Circulation Models (MCGAs) are
currently the only tool that can provide reliable simulations of the physical processes that
determine the climate and suggest adaptation and intervention strategies that could be adopted.
Despite the uncertainties connected with the use of these models, a consensus is emerging on
the following points (IPCC, 2001):

There has been, and will continue to be, a rise in global temperatures (the warming
observed over the past fifty years should be considered, at least in part, to be a
consequence of human activities and this trend will continue to the end of the century. By
2100 the temperature increase will be 1.4 to 5.8°C relative to 1990);
There will be changes in precipitation and other climatic variables. Most scenarios predict a
decrease in rainfall of between 0.5% and 40%, with an average of some 10 to 20% by 2025;
An increase in extreme events (floods and droughts), but with considerable uncertainty as to
where and when;
A rise in sea level (0.5 to 1 m).

Impact on water resources

The changes being predicted by the MCGAs suggest the following impacts on water resources:

An intensification of the hydrological cycle (with the appearance of phenomena hitherto
unknown in the sub-region);
An increase in the frequency and scale of flooding;
More, and more severe, droughts;
A depletion of groundwater (particularly of the alluvial aquifers);
A deterioration in water quality.

1.5 Major constraints in the region

In terms of climate change and variability, and their impact on water resources, one of the main
constraints common to all countries in West Africa is their inadequate knowledge on water
resources. This is due essentially to a lack of awareness of the importance of hydrological data
in solving development problems and, accordingly, the failure to accumulate such basic data,
especially concerning sub-surface water resources. Adding to the problem is the low level of
scientific capability available locally for investigating climate change and its impacts. Overall, the
principal constraints may be summarised as follows:

Non-availability of hydrological and hydro-geological data of sufficient quantity and quality
(most series do not extend beyond thirty years) which makes it difficult to estimate water
resource trends when faced by climatic variability and change;
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Inadequacies in the physical collection and storage of such data (non-computerised
databases) and in analysis and communication facilities (Geographic Information Systems –
GIS, IT);
Inadequate knowledge of water resources (detailed surveys of water resource systems are
rare);
Absence and/or scarcity of institutions systematically handling research and observations in
the water sciences (e.g. meteorological, hydrological services);
Lack of national expertise on climate change (lack of regional climatic models with sufficient
spatial resolution to develop climate change scenarios);
Insufficient scientific training and skills on aspects such as vulnerability, adaptation and
mitigation of the impact of climate change;
Absence of effective climatic and hydrological forecasting machinery to assist decision-
making and of management systems supported by research results.

Conclusions – Recommendations

The multitude of seemingly plausible future climate scenarios highlights the fact that what is
important is the management of uncertainty. This calls for a sustained effort to reduce the
present vulnerability to climatic variability and change, while keeping management options open
to deal with the least favourable scenarios should they arise, and to seize any opportunities that
may appear during this process. This implies:

Promoting the collection of meteorological, hydrological, socioeconomic and environmental
data;
Promoting research to reduce uncertainty, this could be along the lines of the African
Monsoon Multidisciplinary Analyses (AMMA) programme and the Flow Regimes from
International Experimental and Network Data – Central and West Africa (FRIEND-AOC)
project;
Providing university establishments and research institutes with technical and financial
resources so that they can develop skills in process modelling and impact assessment;
Establishing a reliable information network (i.e. optimised and systematic observation and
monitoring networks involving meteorological and hydrological departments) and effective
management platforms for data and information;
Setting-up a West African water resources observatory;
Promoting good governance and integrated management of water resources;
Building up and intensifying training on vulnerability assessment and adaptation measures in
the water resources sector.
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Chapter II: Possible practical measures for adapting a river basin in West Africa
for water management purposes: the OVMS case

By: Tamsir NDIAYE (OMVS, Senegal) (Writer), Boubacar Sidiki DEMBELE (NCAP, Mali), Abdoulaye DOUMBIA
(ABN, Niger), Saadou Ebih Mohamed EL HACEN (CNRE, Mauritania), Isabelle NIANG (ENDA/UCAD, Senegal), Aita
SECK (DEEC, Senegal), Madjyara NGUETORA (AGRHYMET/CILSS, Burkina Faso), Viriato luis SOARES
CASSAMA (Ministry of Natural Resources, Guinea-Bissau), Nazaire PODA (SE/EIE Expert, Burkina Faso), Aliou
Kankalabé DIALLO (PRAI-MFD, Guinea)

Summary

The primary importance of adopting a watershed approach to water resource management in
the context of climate variability and change justifies exploring possible adaptation measures on
that scale. Adopting this perspective, this chapter considers the case of the Senegal River basin
(OVMS) and pinpoints the various efforts and initiatives undertaken by the riparian states to
achieve better management of water resources by taking into account the climate dimension.
These initiatives are of a legal nature (conventions, charters, codes, etc.), involve institutional
activities (Conferences of Heads of States and Government, High Commissions, Management
Companies, Committees, etc.), physical undertakings (infrastructure for agriculture, cattle
rearing, fisheries, energy, transport, etc.), and protection of ecosystems, improving capabilities
and information, heightening awareness, communication, etc.
This chapter highlights the achievements and lessons learnt from this integrated management of
the Senegal River basin but also the limitations and shortcomings observed so far. It highlights
government commitments (political determination and institutionalisation) and the achievement
of noteworthy outcomes that benefit the population as a result of intervention programmes
implemented in the watershed. Turning to the shortcomings, these are: technical in nature
(inadequacy of the interlinked monitoring of projects and programmes, limited capability for
taking action at the local level, failure to observe timetabling of activities at regional level, etc),
structural (lack of communication among the various categories of players concerned, lack of
harmonisation in priorities between the national and regional level) and also financial (difficulty in
raising adequate funds to support planned social programmes).
Possible practical measures that would help in adapting to climatic variability and change in the
West African cross-border basins reflect these various dimensions: legal (establishment of an
adequate legal and institutional framework), technical (climate change scenarios, micro-
irrigation, management of floods and droughts, a modern water resources measurement
network, a suitable database, revenue-generating infrastructure, combating invasive aquatic
plants/sandbanks/bank erosion/waterborne diseases, etc.), financial (machinery for mobilising
financial partners), building capabilities, infrastructure etc.

Keywords: Climate change/variability, watersheds, OMVS, adaptation

2.1 Introduction

The chronic shortage of rainfall in West Africa has led to a considerable reduction of water flows
in the rivers throughout the river basins. In the specific case of the Senegal River, the annual
average flow at Bakel (a reference station) fell from 1,374m3/sec over the period 1903-1950 to
597m3/sec over the period 1951-2002; and from an average of 840m3/sec in the period 1950-
1972 to only 419 m3/sec in the period 1973-2002. One of the most serious consequences of this
change is that, during the dry season, saltwater intrusion from the sea can extend as far as 200
km upstream of Saint-Louis, creating problems with freshwater availability for domestic use,
agriculture, etc.
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Faced by the many problems linked to the impact of climate change and variability on water
resources in the major hydrographic basins in the sub-region, the riparian states decided to join
forces with a view to establishing coordinated management of cross-border waters, in particular
by setting up basin organisations (PRAI-MFD, ABN, OMVS, OMVG, ABV, etc.)

To illustrate the efforts being made to adapt to climate change in the cross-border river basins,
the Senegal River basin has been selected as a case study. On 11 March 1972, the
Organisation for the Development of the Senegal River (OMVS) was created by the states of
Mali, Mauritania and Senegal with its principal mission to coordinate the implementation of
relevant strategies to facilitate the management of water resources for the benefit of joint,
sustainable development. Guinea joined the organisation in 2006.

                    Figure 2: Main Rivers and river basins in West Africa, Source: AGRHYMET

2.2 Practical measures carried out in the Senegal River basin

The practical measures carried out by the OMVS for the development of the basin’s resources
cover a range of aspects:

Legal and institutional
Physical structures
Protection and restoration of the ecosystem
Increasing capabilities
Information and awareness-raising

2.2.1 Legal and institutional

Legal

The principal legal texts (conventions and charters) are:

The Convention on the status of the Senegal River dated 11th March 1972
The Convention establishing the OMVS dated 11th March 1972
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The Convention on the legal status of jointly-owned structures dated 21st December 1978
The Convention on arrangements for funding jointly-owned structures dated 12 May 1982
Convention establishing the Diama Management and Operating Company (SOGED) (1997)
Convention establishing the Manantali Management and Operating Company (SOGEM)
(1997)
The Senegal River Water Charter dated 28th May 2002
International Code on Navigation and Transport on the Senegal River (2006)

 Institutional

The Conference of Heads of State and Government
The Organisation’s supreme body meets in principle once a year. Decisions have to be
unanimous. The chair rotates.

The Council of Ministers
This is the policymaking and supervisory body. Decisions must be unanimous. Two ordinary
sessions per year are scheduled, but extraordinary sessions may be called if issues arise.

The High Commission
The executive body of the OMVS is managed by a High Commissioner appointed by the
Conference of Heads of State and Government. The Secretary General deputises in the
absence of the High Commissioner, having been appointed by the Council of Ministers at the
recommendation of the High Commissioner, as are the Directors and Councillors.

The Energy Management Company of the Manantali dam (SOGEM)
SOGEM is an inter-state public company with a capital of 1.2 billion francs CFA, one-third of
which is subscribed by each of Mali, Mauritania and Senegal. Its purpose is “the construction of
jointly owned structures for the generation and distribution of electrical power from Manantali”
and “the operation, maintenance and restoration of Jointly Owned Structures for the
management for which it is responsible”.

The Management and Operating Company of the Diama dam (SOGED)
SOGED, a limited liability company with a capital of 600 millions francs CFA, is in charge of the
maintenance of the Diama dam, associated dykes and recovering the costs of the water. The
principles on which it is organised and operates are almost identical to those of SOGEM.

The Permanent Water Commission (CPE)
In the OMVS area, the management of the waters and environment of the Senegal River is
handled by the Permanent Water Commission (CPE), set up to deal with the equitable allotment
of water between different uses.

The CPE issues opinions and makes recommendations to the Council of Ministers.

National Coordination Units (CNC)
There is a National Coordination Unit in each member country, a body made up of technical staff
for performing and monitoring OMVS projects in member states. They come under the State’s
supervisory ministry and operate as interfaces between the High Commission and the technical
departments of the individual states.

Local coordination committees (CLC)
Functionally, these are outposts of the OMVS National Units at the local level.
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Regional Planning Committee (CRP)
The Regional Planning Committee is made up of State representatives whose job it is to issue
advisory opinions to the Council of Ministers on the investment programme for the optimal
development of the basin’s resources. It puts forward measures designed to ensure
consistency, and even harmonisation, of development policies throughout the basin.

The Consultative Committee
The Consultative Committee brings together representatives of the countries involved, the
financial institutions and the OMVS. Its role is to assist the High Commission in mobilising
financial resources, strengthening human resources and promoting the exchange of information
between OMVS partners.

2.2.2 Physical structures

Infrastructure

The key components of the first generation infrastructure (1986-2006) are:

An anti-salt dam bridge at Diama in the delta (23 km from the river’s mouth);
A lock at Diama (for navigation purposes);
Dykes on the right and left banks in the delta;
A multi-purpose regulatory dam at Manantali;
A hydroelectric power station;
A 1,500 km grid of HT lines;
An optic-fibre protective cable network (telecommunications);
Link roads.

The planned second generation infrastructure includes:
Run-of-river hydroelectric plant at Felou (work to start in 2007);
Run-of-river hydroelectric plant at Gouina (work to start in 2008);
Regulatory dam at Gourbassi (funding being raised);
Dams at Koukoutamba, Boureya and Balassa (acquisition of funding to update feasibility
study);
Micro-power plants (site identification survey validated);
Navigable channel (work in hand);
Port facilities (feasibility studies in hand).

Socioeconomic activities

Agriculture

Irrigated Agriculture:
The irrigable potential is put at 375,000 hectares (ha), of which 240,000 ha are in Senegal,
126,000 ha in Mauritania and 9,000 ha in Mali.

Flood recession cropping:
The potential is estimated at 50,000 ha, and it is thought that somewhere between 40,000 and
50,000 peasant families grow crops this way.
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Areas equipped and farmed throughout the river valley – Year 2005 (Sources: OMVS)

Type 2005 Senegal
(ha)

Mauritania
(ha)

Mali
(ha)

Total
(ha)

Total improved 94 320 42180 710 137 210
Food production 83 320Area

improved Sugar cane 11 000
Total Arable 67 909 21 000 200 89 109
Food production 58 909 21 000 Area arable
Sugar cane 11 000
Fodder 24 275 21 000 0 45 275
Off-season 11 725 1200 200 13 125
Sugar cane 7500 - - 7500

Irrigation

Areas
farmed

Total farmed/year 43 500 22 200 200 65900
Potential 35 000 15 000 0 50 000
ImprovedFlood

recession Farmed 9600

Agro-industry

Industrially, the Compagnie Sucrière Sénégalaise (CSS) is the largest company operating in the
basin. It farms more than 8,000 ha at Richard-Toll.

In addition there are the Grands Domaines du Sénégal (GDS) on the left bank, and the Grands
Domaines de Mauritanie (GDM) on the right bank. They mainly focus on producing horticultural
products in greenhouses, particularly fresh tomatoes and string beans intended for export.
There are several small units processing tomatoes, hulling rice and treating water to supply
major towns including Dakar, Saint-Louis and Nouakchott (work in progress).

Livestock

The Senegal River basin is estimated (2006) to support 2.7 million cattle and 4.8 million sheep
and goats – i.e. 25% of the cattle and 20% of the sheep and goats in the three states. This
stock-rearing is extensive and has naturally been influenced by water control facilities (dams)
being able to provide sufficient water throughout the year, together with the hydro-agricultural
developments which have greatly increased available fodder.

Fishing

It would appear that the regularisation of river discharge by the construction of dams and dykes
in the valley and the delta have had a negative effect on this activity.

However, the filling of the dams has also had some positive effects offsetting the negative ones,
as the increased depths and the maintenance of a greater volume of water in the minor rivers
and secondary arms has enabled a greater variety of species to develop and larger fish to
survive. Furthermore, the lakes and the dam reservoirs at Diama and especially at Manantali
(11.5 billion m3 covering 500 km2) are well-stocked with fish and attract large numbers of
fishermen from all parts of the sub-region.

Power

Since the start-up of the Manantali hydroelectric power station in October 2001, the plant has
been running for 20,820 hours and has delivered more than three million gigawatt-hours to the
electricity companies of the three OMVS Member States through Eskom Energie Manantali. Of
this, 52% has gone to Mali, 33% to Senegal and 15% to Mauritania using 1500 km of inter-
connected high tension lines.
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The hydroelectric energy supplied by the Manantali power station represents 30% to 50% of
total power production in Mali, Senegal and Mauritania.

Transport

The OMVS transport system covers maritime transport, the ports and navigable inland
waterways. It is multi-modal and integrates well with the land transport modes (road and rail).

Its activities include mixed sea/river shipping and land transport using the Diama-Rosso, Saint-
Louis-Diama and Manantali-Mahinanding link roads and it has been designed to be a driving
force for a vast programme of sustainable development throughout the sub-region.

Telecommunications

The decision to lay an optical fibre cable alongside the power distribution network from
Manantali created immense opportunities for the OMVS in terms of telecommunications. It
enabled the telecommunication networks of Mali, Senegal and Mauritania to be interconnected,
enabling 30,200 telephone calls or 48 television channels to be routed simultaneously.
.
The OMVS network is connected to a transatlantic submarine cable, making it a nodal point
between South, East and North Africa.

2.2.3 Protection and restoration of ecosystems

Within the OMVS, the protection and restoration of the ecosystem has been specifically
addressed for some years at both institutional and programme levels.

Institutionally, there has been the setting up of the Environmental Observatory in March 2000. In
programme terms, the OMVS has undertaken the following:

Programme for Alleviation and Monitoring of Impact on the Environment between 1998 and
2002 (PASIE);
Projects to combat poverty;
Pilot health projects;
Regional health programme;
Microcredit projects;
Project to reduce the influence of the Manantali High Tension network;
Drinking water supply and sanitation;
Integrated Water and Environment Management Project for the Senegal River basin
(GEF/OMVS) launched in 2002 and ensuring continuity of the OMVS activities under the
PASIE scheme.

2.2.4 Increasing Capabilities

Building institutional and legal capacities

To ensure transparency in operating the basin water resources, the regulatory system was
strengthened by:

The adoption of the Senegal River water charter in 2004;
The adoption of the code on navigation and transport on the Senegal River in 2006;
The development of a draft code on the basin environment (in process of validation).
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Building physical capacities

The database was consolidated and enhanced by:
o The restoration of the hydro-climatic measurement network in the upper basin;
o Building capacities in the national data-producing departments;
o The acquisition of computing equipment;
o The acquisition of appropriate vehicles.

Building financial capacity

The raising of around 400 million United States Dollars (USD) through the PGIRE (Integrated
Water Resources Management Plan) integrated management programme, to be spread over 10
years in two five-year phases.

Building human capacities

In terms of improving performance, the following are seen as key activities:

The recruitment of specialists in the fields of the environment, hydrology, communications,
socioeconomics, databases and GIS, health, rural development, forestry resources,
contracting and fishing;
The establishment of an ongoing training programme;
The setting up of an advisory scientific committee based at the observatory.

Building technical and technological capacities

To improve decision-making and facilitate the circulation of information, various facilities have
been developed:

An integrated database and a GIS;
Requirements/resources indicators;
A website;
Simulation and management software;
Planning tools.

2.2.5 Information and awareness-raising

In an attempt to really involve all the stakeholders in the development activities, the following
actions should be noted:

The adoption of a communication strategy;
The creation of rural radio programmes;
The development of national television and radio programmes;
The publication of articles in the press (public and private);
The creation of a website;
The publications of OMVS newsletters and the OMVS Journal;
The establishment of an early flood-warning plan.

2.3 Limitations and lessons learnt

2.3.1 Limitations

Among the limitations and shortcomings, the following should be noted:
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Failure to meet the timetable for activities at regional level linked to completing structures
(dams, hydroelectric power stations, dykes, link roads, etc.) and a lack of effective measures
at national level to take advantage of the opportunities these structures would bring;
Difficulties in raising substantial funds to support social welfare programmes (combating
water-borne diseases, income-generating programmes, building schools, access to drinking
water, etc.) planned to alleviate the impact of the built structures on the poorest populations
who often lose out the most;
Lack of capabilities at the local level to take charge of running programmes and projects
(lack of human and material resources in the technical services, high illiteracy levels,
frequent confusion of the roles and responsibilities of local players);
Inadequate interlinking of monitoring of projects and programmes in the field;
Inadequate communications with the different categories of players involved;
Insufficient harmonisation between priorities at the national and regional levels in
establishing development policies and programmes.

2.3.2 Lessons learnt

After 30 years of experience with the OMVS, the following lessons have been learnt that may
improve the future management of this and other cross-border basins:

In terms of Governance

As first steps:

The benefits of a strong expression of political will;
The need to establish a robust and flexible institutional and legislative framework.

To provide for optimal operation of structures and face up to global challenges in terms of
rationality and sustainability of water resource management, the following activities are seen as
pointers for actions elsewhere:

The creation of the Energy Management Company at Manantali;
The creation of the Management and Operation Company at Diama;
The establishment of the Permanent Water Commission;
The ratification of the Senegal River water charter;
The adoption of an International Code on Navigation and Transport on the Senegal River;
The establishment of an environmental code for the basin;
Adoption of measures and rules for the operating of institutions and the management of
shared resources based on equity, solidarity and transparency;
Ongoing discussion/consultation in decision-making;
Establishment of scientifically reliable facilities for management, forecasting and interlinked
monitoring that are accessible to all categories of players;
Establishment of sustainable financial machinery to support programmes and projects;
Adoption of a methodological approach based on the sociocultural realities of the
environment when mobilising players;
Active and continued participation of the relevant players concerned through heightening
awareness and effective communication.

In terms of action programmes

The need to control and integrate water management to minimise the risks associated with
the increasingly variable rainfall in this part of West Africa;
The need to consider and construct structures to protect against the intrusion of salt water;
The benefits of adapting operating and management rules at the regional and international
levels;



37

Synthesis Report – WRITESHOP – 21-24th February 2007

The advantages of improved facilities for planning, management and interlinked monitoring
(reservoir management programme, flood propagation programme, GIS, performance
indicators, etc.);
The need for surveys and R&D to improve knowledge of basin ecosystems;
The need to enhance capacities (human and material resources at all action levels);
The advantages of constructing joint multi-purpose structures;
The importance of maintaining structures.

Conclusions – Recommendations

The establishment of an adequate legal and institutional framework for each cross-border basin
encompasses:

A clear legal status for the river, its tributaries and side waters;
A basin authority;
A charter for the basin’s waters;
An environmental code.

In establishing an infrastructure for the control and development of water resources (structural
and secondary) the following should be included:

Consideration of climate change scenarios in the design and management of structures
(underground, shaded, small scale);
Promotion of small-scale irrigation, drip irrigation systems, and mini- and micro-power
generation;
Flood control measures, as at Manantali;
Management of droughts by supporting low-level flows and recharging groundwater by
artificial flooding from sources such as the Manantali dam;
Establishment of a modern water resource measurement scheme;
Establishment of an environmental and socioeconomic data collection network;
Development of planning and forecasting facilities that take climate change into account
(database – GIS – observatories – requirement/resource indicators);
Promotion of research and development on structures appropriate for adapting to climate
change;
Increasing the capacities of the players involved at national and sub-regional levels to bring
about greater awareness of climate change and its effects;
Building capacities for the management and protection of the Foutah Djallon mountain range
(water source for the whole of West Africa);
Regional programmes to combat the spread of water weeds, silting-up, bank erosion,
waterborne diseases;
Measures to promote the involvement of local populations (microcredit, rural electrification,
fish farming, aquaculture, drinking water supply, etc.);
Machinery for mobilising financial partners;
Creation of income-raising infrastructure;
Provision of paid services.
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Chapter III: Climate, vulnerability and adaptation of the management of water
resources at the community level in West Africa

By : Lawrence FLINT (ENDA, Senegal), Mamouda MOUSSA NA ABOU (ENDA, Senegal) (Writers), Balla Abdou
TOURE (NGO POPDEV, Mauritania), Thomas Anatole Aïnahin BAGAN (Ministry of the Environment , Benin),
Mamady Kobélé KEITA (NGO Guinea Ecology, Guinea), Madeleine DIOUF SARR (DEEC/NCAP, Senegal)

Summary

This chapter focuses on the relevant options for community-level implementation aimed at
achieving long-lasting adaptation in water resource management in the context of climate
change. It combines the results of several local surveys carried out in West Africa with the
outcomes of a consultation process with West African experts. The process of writing this
document, based on the livelihoods approach, helped in identifying the major impacts of climate
variability and change on the livelihoods and lifestyles of communities. The analysis carried out
showed that these livelihoods and lifestyles, mainly based on the use of natural resources, are
already, directly or indirectly, affected by climate variability. Starting from the adaptations
spontaneously implemented by the communities themselves, and pursuing a participative
approach, this analysis has delivered a series of adaptation options that could be implemented
at the community level.

Whatever the status of these strategies, it is clear that the major concerns of communities in
West Africa focus on livelihoods and subsistence means. Thus, drilling wells where appropriate
(when the water is close to the surface) and acquiring affordable motorised pumps to facilitate
the withdrawal of deeper water constitute the priorities of local populations at the community
level.

Adaptations which could be described as essential for the continued existence of communities,
even without the climatic threats, have also been identified. These range from access to drinking
water and energy to the development and integrated management of watersheds.

Key words: Adaptation, Communities, Water Resources, West Africa, Livelihoods

3.1 Introduction

For centuries, local communities have adapted water management strategies in order to
respond to climate change. It is worth identifying, sharing and developing those actions, suited
to contemporary dynamics. At present, local communities in West Africa face a range of
problems linked to climate change which affect their existence and their means of subsistence.

As the protagonists directly affected by the problems, local communities sense that they are
paid insufficient attention, and feel that external players do not fully understand or correctly
grasp issues such as water shortages. It is precisely because rains, rivers, the sun, droughts
and the flora and fauna are vital components of the rural way of life that it is important to
understand the way in which local communities perceive climate change and the significance
they ascribe to its components. Without this understanding, any attempt to impose adaptations
runs a very real risk of failure.

This document highlights the impacts of climatic variability on water resources and on local
communities already observed in West Africa. Adaptation measures are then examined in terms
of three categories: self-adaptation, community-specific water-related adaptations and, finally,
adaptations of more general interest. From this, it emerges that the successful implementation
of adaptation options requires a certain number of prerequisites to be met.
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3.2 Impact of climatic variability on water resources and local communities in
West Africa

In West Africa, climate changes or climate variabilities that affect water resources have
significant direct and indirect impacts on lifestyles and livelihoods that are linked to water
resources.

The major impacts are set out below based on type of lifestyle:

Fishermen

A decline in fish resources and the disappearance of some species has been linked to a lack of
care in many watercourses in the sub-region, resulting in the redeployment of fishermen to other
activities, or their migration, the filling in of some water points (blocked off with sand or invasive
weeds, etc) and health problems (fishermen are particularly prone to waterborne diseases).

Small farmers

Decline in agricultural yields, increasing poverty (food insecurity, financial debt because the
harvest does not meet the annual needs of producers) and loss of soil (due to floodwaters
eroding arable land).

Small animal breeders

Death of livestock (lack of fodder and water due to falling water levels in wells), conflicts with
arable farmers, pressure on water supplies.

Traders

Lack of availability of (or expensive) agricultural products, slump in sales and debt due to low
purchasing power of rural customers, difficult access to markets and primary products in the
event of floods.

Hauliers

Difficult access to markets and primary products in times of flooding, resulting inactivity, fall in
purchasing power, increasing poverty, river transport hampered by invasive aquatic plants

Livestock-breeding and water supply
Gabi, Maradi, January 2007

Peuls Foulani on the move
Gabi, Maradi, January 2007
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Agro-food processors

Lack of availability and expensive agricultural products, slump in sales and debt due to low
customer purchasing power, difficult access to markets and primary products due to flooding.

3.3 Adaptation measures

Adaptation measures have been divided into three categories. These are described below and
then summarised in a table.

3.3.1 Self-adaptation measures

These are actions already taken by local populations when climatic variability became a daily
reality. Measures mainly concern:

Reactive adaptation to rain shortages

Rescheduling agricultural timetables (late sowing, short cycle crops, several repeated
sowings, dry sowing),
Making rain (local traditional practices),
Collective prayers for fertile rainy season,
Simultaneous practice of rain-based and irrigated farming,
Giving up crops associated with rain-based farming.

Measures designed to improve efficiency and effectiveness in water management
for agricultural purposes

Compartments, filtering dykes, growing vetiver,
Artificial ponds,
Dividing plots up using rows of stones to minimise run-off after torrential rainfall to encourage
water infiltration and percolation,
Dividing fields into rectangular plots with mounds of earth through which a canal network can
be organised using pipes,
New transplanting techniques to make best use of water,
Placing pumps in holes to reduce pumping height at well installations.

Short-term adaptation to flooding

Corralling animals in family enclosures during high waters or flooding,
Digging channels to drain stagnant water in the event of flooding,
Moving people to high ground in event of flooding.

Measures for the collection and storage of water for domestic use

Water stored in small plastic bottles in own grounds,
Collecting rainwater from roofs of houses.

Other spontaneous and reactive adaptations

Use of alternative foodstuffs,
Reduction of livestock during dry periods,
Seeking new occupations – fishermen, cattle rearers, etc.
Traditional rationalisation of fisheries,
Moving to less dry areas.
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Collecting water
Gabi, Maradi, January 2007

Wells coming under pressure
Gabi, Maradi, January 2007

3.3.2 Specific adaptation measures

These are adaptation measures recommended and put into practice by states, development aid
and assistance agencies or NGOs. They commonly involve the following:

Access to water for drinking and/or irrigation

Dredging and digging out wells and watercourses/bodies,
Constructing and restoring dams,
Improving use of surface water (building community capabilities),
Water kiosks/selling points,
Protection and rehabilitation of banks of bodies of water,
Creating water points (boreholes, modern wells, etc.).

Adaptation to drought or unpredictable rainfall

Development and use of seeds appropriate to drought conditions,
Modern rainmaking techniques,
Weather forecasting.

Adaptation through integrated watershed management

Development and protection of shallows (avoiding dwellings in riverbeds and floodable
areas, use of drainage systems, etc.),
Development of integrated watershed management,
Establishment of early-warning and flood management systems,
Tree planting/re-afforestation,
Recharging groundwater stocks,
Recovery of degraded land,
Repairing dunes,
Indigenous techniques using zais, half-moons, stone walls, etc.

Measures designed to improve water quality and services

Employment of sanitation measures around water points,
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Protection of water resources against pollution,
Sanitation infrastructure in community establishments.

Other reactive and anticipatory adaptation measures

Renewable energy pumps (solar, biofuels, wind, etc.),
Development of fish-farming and aquaculture activities,
Alternative sources of income linked to carbon credit schemes (e.g. the Clean Development
Mechanism – CDM)

The specific adaptation measures (see table below) considered depend on local development
methods and, in most cases, form part of the support and inputs from local development plans,
development NGOs or, more generally, as part of rural development policies administered by
the local authorities.
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Table of impact of adaptation options on lifestyles and livelihoods

                                                  Livelihoods
Adaptation options Fishing Transport Small

farming
Cattle

breeding
Artisanal trades

& industry Commerce

Water-points (boreholes, modern wells, etc.) x x

Rainmaking (cloud seeding) x x

Seeds adapted to drought x x

Building and rehabilitating hydraulic works (wells, watercourses,
dams) and recharging groundwater x x x x

Preservation of shoals x x x

Promotion of techniques that make better use of water
(seed transplanting, etc.) x x

Reduction of livestock in dry periods x

Renewable energy pumps (solar, biofuels, wind, etc.) x x

Protection and rehabilitation of banks of water bodies
(re-afforestation, etc.) x x x

Establishment of early warning and flood management systems x x x x x x

Re-afforestation of village lands x x

Income-generating activities (market-gardening, off-season crops,
aquaculture, fish-farming, agro-forestry, carbon credit, etc.) x x x x x x

Recovery of deteriorated land (half-moons, zais, filling gullies, etc.) x x

Treating dunes (to avoid the sanding-up of watercourses) x x x
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3.4 Analysis of table and choice of priority actions

The evaluation table shown above on the impact of adaptation options reveals that small-scale
farming and livestock breeding are the livelihoods most affected by the options identified
because of their considerable vulnerability to climate changes that affect water resources.

Moreover, in a specific geographical zone, the identification of the dominant livelihood means of
communities makes it possible to swiftly pinpoint which options could be implemented as a
priority. For example, if fishing and farming dominate, the priority options can be quickly
identified from the table, and one can see that these are clearly different to those which would
apply in a zone where livestock-breeding and local artisanal crafts dominate. This highlights the
need for initial analysis of the livelihoods of communities and their vulnerability before deciding
which options to adopt and implement.

Three options have direct or indirect impacts on the whole range of livelihoods since they are
not linked to specific lifestyles and livelihoods:

The promotion of income-generating activities (market gardening, off-season crops,
aquaculture, fish-farming etc.),
The introduction of flood warning and management systems,
Construction and renovation of hydraulic structures.

While these three options can always be earmarked as being high-priority options in all
communities, the fact nevertheless remains that for each specific zone only an in-depth analysis
of livelihoods and the possibilities associated with them makes it possible to address the
vulnerability of a particular community.
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Irrigated plots surrounded by small earthbanks,
in which seeds are planted (village at Goulbi,

Maradi district, Niger, January 2007).

Concrete irrigation channels built by the
Niger government (village at Saguiya,
Niamey district, Niger, January 2007).

Initial phase of digging a well financed by the
government (village at Maradawa, Maradi,

district, Niger, January 2007).

Well-lining before insertion (village at
Maradawa, Maradi district, Niger, January

2007).

Dam on the Goulbi de Maradi (village at
Soumarana, Maradi district, Niger, January 2007)

Traditional human-powered well (village at Tibiri,
Maradi district, Niger, January 2007)
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3.5 General measures

Options of general interest have also been identified. These options would enhance the daily life
of local populations even without the threats linked to global warming. These involve:

Developing an adequate supply of drinking water and appropriate sanitation services;
Developing integrated water resource management in each basin;
Integrating hydro-agricultural-pastoral-forestry development adapted to climatic variability
and change at the community level in the Foutah Djallon mountain range – “the natural water
tower of West Africa”;
Development of access to energy at the community level.

These measures would affect practically all aspects of lifestyles and livelihoods. The supply of
drinking water and sanitation constitute an imperative which would strongly influence the basic
health of populations. This measure is therefore a base on which other socioeconomic activities
could be built.
The integrated management of water resources is based on a holistic ecosystem approach. This
incorporates the five forms of capital (natural, physical, human, social and financial) with a view
to better managing resources. Such a systemic approach will be implemented within the
framework of the Integrated Regional Development Programme for the Foutah Djallon mountain
range.
The question of access to energy, although indirectly linked to that of access to water, is also a
general problem at the community level. Energy is required in fishing and transport (to fuel the
engines of boats and other means of transport), in small-scale farming and livestock-breeding
(to fuel pumps), in trade, local crafts and industry (for processing agricultural, fishing and
livestock products).

3.5.1 Development of integrated management of water resources at the
community level

The promotion and development of the “water economy” at village level (supply of drinking and
industrial water, irrigation and drainage of farming areas, equipment for mini- and micro-
hydraulic power stations, equipment for, and development of, sites for tourism and river-based
activities, etc.) could make a major contribution to creating better living conditions as well as
enhancing community development.
All of these sectors interact to some extent and depend on the control and mobilisation of
existing water resources. It is thus only logical that the management of such resources has to
take place within an integrated, participative and decentralised approach so as to prevent
conflicts over the use of water resources. The village communities concerned need to benefit
from the backing and support of partners at all levels (specialised national service providers and
bodies, development partners, NGOs, etc.).

3.5.2 Supply of drinking water and sanitation

Supplying safe drinking water and sanitation are basic functions in the management of water
resources and are essential in ensuring an adequate quality of life in any centre of human
activity, including village communities. They contribute to ensuring the good health and vitality of
populations so as to preserve the socio-cultural environment and ensure that fishing, livestock-
breeding, tradecraft and industrial activities can be properly carried out.

3.5.3 The Foutah Djallon mountain range

The importance of this mountainous ecosystem which is a key feature of the West-African sub-
region requires little argument. The Foutah Djallon region constitutes the natural water tower of
the sub-region and includes the sources and upper basins of six of the largest cross-border
rivers (Senegal, Gambia, Kayanga-Geba, Kaba-Litle Scarcis, Kolinté-Great Scarcis and the
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Koliba Kourbal), as well the six main tributaries of the Upper Niger. Several integrated hydro-
agro-pastoral-forestry planning and development activities were carried out in the 1980s in
individual zones of the mountain range within the “Integrated Regional Development Programme
of the Foutah Djallon mountain range” (PRAI-MFD), under the aegis of the Organisation of
African Unity (OAU). Currently, the regional programme is on the point of launching a ten-year
research and development project supported by the World Environment Fund and other financial
backers. This project is focussing on the integrated natural resources management of Foutah
Djallon (PGIRN–MFD) and will, in particular, undertake: (i) the integrated development of six
watersheds located upstream of the trans-boundary rivers which have their sources in the
mountain range, and (ii) the development, on a pilot-project basis, of the lands and waters of
fifteen watersheds that are representative of the individual ecological zones within the mountain
range. It is recommended (by PGIRN-MFD managers) that the development of the basins
targeted by this project should take into account, at the community level, the need to adapt to
climatic change and variability so as to better achieve the management and sustainable
development objectives for the shared Foutah Djallon region.

3.5.4 Access to energy

A general problem, found in all regions where case studies were carried out and shared by all
sectors, is the limited access to energy. This constitutes a serious difficulty in any attempt to
adapt to climate change. The lack of power sources reflects the lack of resources in general,
even where governments and NGOs have helped farmers with initial investments (purchase of
motor pumps and construction of wells). Motorised pumps are expensive and this represents a
significant barrier to purchase by local communities. Even if assistance is given towards the
initial costs, they still require diesel fuel, although jatropha may become an alternative in certain
regions. Diesel is an expensive commodity; and only rich farmers can afford to irrigate vast
areas.

Thus, it is recommended that decentralised power projects be part of adaptation strategies in
the water sector. These could take various forms: mini-hydro projects are an obvious option; the
multifunctional platforms already implemented in Mali that can run on diesel, or possibly jatropha
oil, another. Further efforts are needed so as to make such renewable forms of power
competitive with fossil fuels.

A well–used and aging motor pump. The pump
is used day in, day out, from before dawn to

dusk (Goulbi, in Maradi, Niger, January 2007).

A motor pump set below ground level because
of the falling water table and limited pumping
capacity of the machine (village at Maradawa,

Maradi district, Niger, January 2007).

3.6 Prerequisites for adaptation

Effective communication with and participation of communities are essential prerequisites for the
implementation of any adaptation actions at community level.
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3.6.1 Communication

As Burton (in Smit et al. 2000) so aptly observed, “establishing a good connection and
maintaining it over the long term with local communities is a highly intensive task and activity…”.
It can also significantly add to the costs of a project. Several barriers must be overcome
including ones related to local administrations who may see communication policies involving
direct contacts with local populations as a challenge to their traditional authority. Similarly, while
traditional authorities, which are often handed down and autocratic, may seem open and
receptive to communication strategies and possible adaptation actions, they often remain
exclusive and are not always representative of the populations they claim to represent. Other
barriers are linked to language, beliefs, social classification, xenophobia and insufficient
understanding of what is being discussed (the problem or topic can often appear somewhat
vague to affected parties).

3.6.2 Perceptions and participation

If a practitioner, researcher, decision-maker, politician or external financial backer seeking to
implement and encourage adaptation strategies fails to understand the processes affected by
climate change in the way that the community concerned sees them, there is every chance that
the strategies and/or initiatives proposed will not receive the backing or commitment required. It
is frequently the case that development initiatives are implemented simply because the funding
and structural assistance required are in place. Even with the participation of local communities,
such initiatives often become neglected and abandoned after the staff in charge of the project
depart, leading to a sense of frustration for all parties concerned.

National policy can specify the context, but the success, and more specifically the sustainability,
of adaptation actions very much depend on the receptiveness of the local communities affected.
Frequently in the past, efforts which were substantial but initiated from the outside collapsed
once the instigators of such efforts were no longer around (Burton 2003). Too often, rhetoric
hides the reality of the situation. Expressions such as “multi-player participation”, “bottom-up
initiatives”, “grassroots initiatives”, “consultation at community level” and “active participation”
sound fine on paper but are much harder to implement. In reality, communities may be
consulted once a decision has been made and later abandoned without explanation, or
strategies are provided and approved at a higher level but never backed at a lower level for
various sound and practical reasons.

Conclusions – Recommendations

Conclusions

Voices from local communities regularly report problems with officials, bureaucratic obstacles
and the widespread feeling shared by foreigners that external knowledge systems are more
reliable than local systems. It is also frequently stated that the Government, at various levels, is
the institution which, given the right tools, is most able to implement adaptation strategies within
local communities. Once this general principle is more widely accepted, the international NGO
community, financial backers and scientists should focus a significant part of their efforts, skills
and technologies, in terms of vulnerability and adaptation, on the development of capacities at

local, regional and national levels. The form and structure of such a strategy may be developed
externally, but its fundamental features have to address the viewpoints expressed by the local
populations themselves.

What is more, as explained earlier, a major component of effective adaptation at the community
level is effective communication, that is communication which breaks through the barriers linked
to governance, local administration, language, beliefs and frequently to doubts about the
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credibility of outsiders. An effective communication strategy thus constitutes, in itself, a valid
adaptation strategy almost as much as the adaptation action itself. Technical and financial
support will only have value if sufficient time and resources have been invested in the social
dimension of adaptation.

Recommendations

Proposed adaptation strategies linked to water resources must be achievable, affordable and,
what is more, plausible, i.e. convincing and in harmony with the local culture. They must cater to
the needs and priorities identified by local communities and adopt perspectives expressed
locally and which are accessible to the local population.

Therefore, to make adaptation actions sustainable and replicable, there is a need to:

Establish a pilot exchange network among communities,
Strengthen the ability of communities to self-manage structures,
Document local knowledge regarding water resource management.

The design of potential community adaptation strategies must also fulfil specific parameters
which can be summarised under the following categories:

Credibility – the need for confidence in outsiders;
Legitimacy/acceptability – according to local culture and ethics. Here, appropriate research
in terms of socioeconomic and physical realities is often necessary;
Feasibility – adaptation actions identified have to be feasible;
Accessibility – strategies for implementation in the medium and longer term, should not
constitute an additional burden on local populations;
Effective participative communication – decisions and adopting strategies should be in
accordance with local aspirations and priorities.
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Chapter IV: Possible practical political and institutional measures to facilitate
adaptive management at different levels in West Africa

By: Madiodio NIASSE (CSLT, Senegal) (Writer), Atigou BALDE (Ministry of Hydraulic Energy, Guinea), Toumany
DEMBELE (MFD Focal Point, Mali), Madame Jacqueline ZOUNGRANA (Hydraulic Ministry, Burkina Faso)

Summary

During the past few decades, and particularly since the beginning of 1970s, West Africa has
been subject to large-scale climatic disturbances. These disturbances have manifested
themselves in the form of chronic water and rainfall imbalances (droughts and floods). Faced
with such a situation, the natural and human environment has reacted by attempting to adapt to
the new context. The responses, for the most part reactive and spontaneous, to climatic
variability took various forms including some of an institutional and political nature. One may
speculate on whether these adaptive responses have lessened the impact of climatic shocks or
not. Whatever the outcome, in view of the predicted climatic developments, these adaptation
measures run the risk of being inadequate and consequently require strengthening and
widening.

Eight priority institutional measures have been advocated by Expert Judgement to increase the
adaptive ability of West Africa in terms of water resource management:

Promoting the integrated management of water resources, in particular by drafting and
implementing national Integrated Management of Water Resources (GIRE) plans to this
effect;
Protecting wetlands, in particular though the effective implementation of the obligations of
the states of West Africa within the framework of the RAMSAR Convention on wetlands;
Minimise the risk of inter-state conflicts over water by promoting the United Nations
Framework Convention on the use of trans-boundary waters for purposes other than
navigation;
Securing property tenure so as to encourage investment in adaptation measures;
Strengthening legal and regulatory measures to preserve the quality of water;
Ensuring that the financial and human resources required are mobilised in time to allow the
effective implementation of national climate change adaptation plans currently being
prepared in 14 of the 17 countries of West Africa;
Considering climate change as one of the key parameters in feasibility studies for hydraulic
and water-agricultural projects or others targeting river basins. Similarly, it is important to
include measures to relieve the impacts of climate change in major initiatives involving river
basins;
Finally, taking appropriate legal, regulatory and organisational measures to reduce the
impact of floods, the scale and frequency of which are likely to increase with climate change.

4.1 Introduction

West Africa is currently facing serious climatic hazards. In such a situation, the natural
environment – including through its human and animal populations – reacts with varying results.

The objective of this chapter is to outline and discuss practical options in terms of political and
institutional measures which might facilitate the adoption of innovative actions in water
management with a view to strengthening West Africa’s ability to adapt to climate change. It
aims, in other words, to provide decision-makers and stakeholders with options for political and
institutional reforms that could improve the ability of the West African region to adapt to the
predicted impacts of climate change on water resources.



54

Climate Change Adaptation and
Water Resources Management in West Africa

This chapter focuses on reforms that could directly affect the conditions for implementing water
management action at the community level, or at the level of river basins such as those of the
River Senegal and River Niger, with a view to reducing the vulnerability of West Africa to climate
change.

4.2 Performance of the current political and institutional system in managing the
impact of climate variability

Given the recent rainfall deficits, and the food crises which have accompanied them, various
responses have been provided at a political and institutional level in West Africa. A few
examples related to water resource management are provided below:

At the basic community level, the changing climate has led to chronic food insecurity in rural
areas which has elicited the following reactions: the gradual shift of the rural population to
the south; plus seasonal emigrations followed by rural exodus and international migration
which have intensified as the climate worsened. The populations that have remained have
attempted to diversify their production systems as a risk-minimisation strategy. The
population living near the Sahelian waters (mid-valley regions of the Senegal and the Niger
rivers, the Komadugu Yobe valley) have been able, during these periods of chronic water
deficit, to reduce their food vulnerability through growing flood recession crops which they
have been able to combine with rain-fed crops and subsequently with irrigated crops (see
Magistro & Lo, 2001 concerning the Senegal River valley).
Throughout Africa, an increase in investment associated with controlling water movement
has been observed: (a) small village hydraulics (b) pastoral boreholes, (c) a more pro-active
policy in promoting crop irrigation, and (d) increased investment in dams.
At the national level, there has been increasing interest in the legal and institutional aspects
of water management. It is within this context that the reform process of the water sector,
often backed by international institutions, has to be viewed. In the engagement with reform in
this field, space is often left for the private sector, commonly in the distribution of drinking
water. In parallel, or as part of these reforms, several countries have introduced water codes
(Senegal in 1981, Guinea in 1994, Burkina Faso in 2001, Mali in 2002, etc). As part of the
same dynamic, it should also be noted that, following Burkina Faso (2003), several states
are in the process of, or considering, drafting National Action Plans for Integrated Water
Resource Management reflecting a commitment made during the 2002 Johannesburg
summit that all states would equip themselves with such GIRE plans by 2005. Following this
commitment, Senegal and Mali, with the benefit of Canadian support, are finalising their
GIRE plans. Cap Verde and Benin, with Dutch cooperation assistance, have begun drafting
their GIRE plans. Mauritania, with the backing of the African Development Bank (ADB) and
the United Nations Development Programme (UNDP), has just launched a GIRE pilot
programme.
Still at the national level, almost all the countries of West Africa have drafted strategies and
national action plans to combat drought within the framework of the United Nations
Convention on the Fight against Desertification (1992). These national plans were pulled
together through the drafting of a sub-regional action plan to combat desertification.
The creation of the CILSS (Permanent Inter-State Committee against Drought in the Sahel)
is another response at the regional level in Africa to climate variability and to chronic drought
in particular. The CILSS was set up in 1973 with the objectives of seeking food security and
combating the effects of drought and desertification. The CILSS today brings together nine
states: Burkina Faso, Cap Verde, Gambia, Guinea-Bissau, Mali, Mauritania, Niger, Senegal
and Chad.
The creation of basin authorities for each of the main cross-border watercourses in West
Africa. Their roles include making the investments required to develop resources and
coordinate the interventions of riparian states.
The creation of the African Centre of Applied Meteorology for Development (ACMAD) which
develops approaches making greater use of climatic information and data in the various
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sectors of the economy. Since 1988, ACMAD and AGRHYMET have set up a process of
seasonal forecasting in West Africa which produces seasonal forecasts of rain and the
throughput of water flows for the sub-region from the beginning of the rainy season through
to the months of April and May. This information is very useful because it makes it possible
to anticipate the consequences of an uncertain rainy season.
The Observatory of the Sahara and Sahel (OSS) was set up in 1992 with, as one of its
objectives, the task of helping acquire knowledge about and managing water resources in
the large cross-border aquifer basins of the Sahara and Sahel, and in promoting inter-state
cooperation in the management of these important but sometimes fragile and non-renewable
water resources. In this context, the OSS has launched a programme entitled “Large Basin
Aquifers”.

Table: Basin authorities linked to large watercourses in Africa

Basin authority Headquarters Year set up Member countries
ABN (Niger Basin Authority) Niamey 1980 (replacing the

1963 Niger River
Commission)

Benin, Burkina Faso,
Cameroon, Ivory Coast, Guinea,
Mali, Niger, Nigeria, Chad

CBLT (Lake Chad Basin
Commission)

N’Djaména 1964 Niger, Nigeria, Chad, Cameroon

OMVG (Organisation for the
Development of the Gambia
River)

Dakar 1978 Gambia, Guinea, Senegal,
Guinea-Bissau

OMVS (Organisation for the
Development of the Senegal
River Organisation)

Dakar 1972 Guinea, Mali, Mauritania,
Senegal

ABV (Volta Basin Authority) Ouagadougou 2007 (January) Burkina Faso, Togo, Ghana,
Cote d’Ivoire, Mali, Benin

This list of responses at the local, sub-regional, national, political and institutional levels is of
course not exhaustive. Other policies, including in the fields of agriculture, animal breeding and
the environment, could be added. That said, it is no easy task to assess the effectiveness of
political and institutional responses to the climatic disturbances faced in West Africa, and
especially over the last three or four decades. With an optimistic frame of mind, one could
observe that the images of famine in the Sahel, frequent during the 1970s, have become rarer
and that this can be ascribed to the effectiveness of reactive adaptation measures – both
spontaneous measures and well thought-out strategies. A more balanced viewpoint would
qualify such a rosy assessment by admitting that, apart from in the mid-1980s (and 1984 in
particular), there have not been the severe rainfall deficits seen in the 1970s. Further, the
spectre of food crises, even of famine, continues to haunt the inhabitants of the Sahel as
evidenced by the large cereal deficits seen in some regions of Niger only last year. One might,
not unreasonably, even conclude, from the persistent vulnerability of the Sahel, that current
adaptation solutions have had limited effect.

That said, where adaptation measures have fallen short of the desired effect, this is more often
due to their timid implementation rather than their lack of relevance – a lack of relevance that
can only be proven after their whole-hearted implementation. For example, the amount of
irrigated land has increased, but it continues to constitute only a negligible proportion of total
farmed land. While many small and large dams have been built in the region over the past few
years, it remains one of the African regions least well equipped with major hydraulic
infrastructure. For example, of the 1,300 large dams in Africa, only 110 are in West Africa (and
70% of these are in Nigeria). Further, while action plans to combat desertification have been
drafted more or less everywhere, the practical implementation of these plans has been far from
effective. Water codes have been adopted, but the application texts to implement them
frequently take several years to enact. For example, the first application texts of the 1981
Senegalese Water Code were not adopted until 1998 – 17 years later.
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From this situation, it is concluded that adaptation strategies to the predicted climate changes
not only involve implementing existing policies and institutional arrangements, but also the
putting in place of a flexible mechanism that makes it possible to introduce the adjustments
required on the basis of tested political and institutional adaptation measures.

4.3 Climate prospects and the preparedness of the region

West Africa is one of the three regions in the world recording the most unfavourable
developments in terms of precipitation over the period 1900-2000 – the others being the Horn of
Africa and Southwest Latin America. Over the last fifty years, the availability of water per African
inhabitant has fallen by 75% due to the combination of two factors (a) the reduction in rainfall
and in the throughput of water flows, and (b) the population increase1. If these demographic and
climatic trends continue, and countries retain their development objectives, it will be necessary
to do more than merely implement existing policies and institutional solutions to climatic
variability. The measures to be taken will have to be commensurate with future climatic
challenges, challenges that it is appropriate to analyse in detail.

If the Third Evaluation Report of the Intergovernmental Panel on Climate Change (IPCC) in
2001 is to be believed, the existing climatic trends should, generally speaking, be confirmed and
even intensify. However, this is somewhat of a simplification since there is great uncertainty as
to the specific developments in particular sub-regions, river basins and countries. Despite these
uncertainties, the IPCC predict that, generally speaking, continued global warming will lead to
higher temperatures and reduced humidity in the Sahel, plus increased variability in precipitation
with storms of greater intensity. Watersheds, and particularly those in the Sahel, will see
reduced vegetal cover, infiltration and run-off, whereas soil erosion is expected to increase.
These various processes are going to profoundly affect the hydrological system of watercourses
and the conditions under which ground water is recharged (3rd Assessment Report of the IPCC
quoted in Cornet, 2002: 113-114).

It is therefore important that, in regions such as West Africa, efforts are made to include the
climate factor in development programmes and especially in the management of fresh water
resources which will be subjected to increasing economic and geopolitical pressures. The large
cross-border river basins of the region (Niger, Senegal, Chad, Volta, Gambia) will more than
ever require cooperation to ensure fair distribution of these valuable resources between
neighbouring states, and so avoid becoming sources of inter-state conflict and tensions.

4.4 Possible institutional reforms

To mitigate the vulnerability of West Africa to the foreseen and foreseeable impact of climate
change on water resources, the following institutional measures and initiatives have been
envisaged. The term institution as used here includes all forms of organisation, the legal and
regulatory framework, as well as the associated political measures. Using this broad definition,
institutions thus determine and structure ways of thinking, behaviours and practices as well as
the rules through which social players express themselves.

4.4.1 Support for the development and implementation processes for national
water action plans (PAGIREs)

GIRE (Integrated Management of Water Resources) is a process and management strategy
designed to enable water resources to be used in a sustainable manner at basin, regional,
national and international levels whilst preserving the features and integrity of ecosystems which

1 Source : IPCC. Third Evaluation Report on Climate Development
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hold such water resources (river basins in particular)2. In the context of increased demand
alongside a decrease in available water due to climate change, with the increased competition
for access to and control over limited resources increasing the risk of water conflict at every
level, a GIRE approach is seen as reducing the likelihood of social disturbances resulting from
inequitable access and as being able to smooth the environmental consequences of worsening
climate.

Recommended measures

Support those countries with PAGIREs (GIRE Action Plans) in implementing their plans: help
mobilise financial resources, provide targeted technical backing, etc.
Assist countries engaged in drafting their PAGIREs in formulating their plans and in their
subsequent implementation.
Encourage other countries to formulate PAGIREs and, if need be, help them in seeking
technical and financial partners.
Promote the role of GIRE as well as climate change adaptation measures in Poverty
Reduction Strategy documents.

Implementation arrangements

The attractiveness of GIRE as a method for enabling the sustainable management of water
resources was reaffirmed at the World Summit on Sustainable Development in Johannesburg in
2002. An undertaking given during that summit was that all countries would adopt a GIRE plan
or strategy by 2005. This commitment lends weight and legitimacy to local actions. Burkina Faso
has led the way in West Africa and had a national GIRE action plan since 2003. Senegal, Mali,
Cap Verde and Benin are in the process of developing their GIRE plans. The principal partners
at the state level are the ministries responsible for water on a political level, and the national
directorates or national commissions for water management at the operational level. The
regional institutions that can offer support at a technical level or in the search for funding include
the GWP/WAWP, the UCRE-ECOWAS and the WA-net.

4.4.2 Support actions to assist states in the effective implementation of the
RAMSAR Convention for the sustainable management and conservation of
wetlands

Coastal and inland aquatic ecosystems play an important role in biodiversity preservation plans,
in limiting the impact of climate variability and in population survival. Their essential functions
include water storage, recharging groundwater stocks, reducing flooding, stabilising surface
levels and contributing to the fight against erosion, water purification and carbon sequestration.
As the climate changes, these functions become increasingly important. As a consequence, the
rehabilitation and sustainable management of wetlands constitutes a significant adaptation
measure to counter climate variability and change.

Specific measures

Assist states in inventorying wetlands and classifying within RAMSAR those wetlands which
fulfil the established criteria.
Back states in restoring and conserving wetlands that play a specific role in mitigating the
impacts of climate change.
Promote the eco-hydrology approach to conserving and managing wetlands in West Africa.

2  Adapted from Kabat et al. 2003.
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Implementation arrangements

As far as the wetlands are concerned, it should be noted that all 17 states within the region have
ratified the 1971 RAMSAR Convention. International environmental NGOs such as the
International Nature Conservation Union (IUCN), the World Wildlife Fund (WWF) and Wetlands
International are able to play a role as special partners of ministries in charge of the
environment, and of basin authorities in implementing planned specific measures. A good way
of promoting the role of eco-hydrology in sustainably managing wetlands in West Africa would
be to back the creation of an eco-hydrology demonstration site as part of the international
initiative by the IHP (International Hydrology Programme) and the UNESCO Man and the
Biosphere programme for promoting eco-hydrology.

4.4.3 Supporting the finalisation and implementation of the Framework
Convention between Member States on the Integrated Development Programme
for the Foutah Djallon mountain range

The Foutah Djallon range, with its 8,000 springs, is the source of 14 of the 25 cross-border river
basins in West Africa including the Niger, the Senegal, the Gambia, the Kaba, the Kolente and
the Koliba. The hydrographic network stemming from the Foutah Djallon mountain range
irrigates ten countries in West Africa: Benin, Gambia, Guinea, Guinea-Bissau, Mali, Mauritania,
Niger, Nigeria, Senegal and Sierra Leone. It is also one of the main sources for resupplying the
underground water stocks in the region. For these reasons, the Foutah Djallon is frequently
considered to be the “water tower of West Africa”.
Environmental conditions in the Foutah Djallon region have considerably worsened over recent
years (brush fires, deforestation, erosion), due to a large extent to the worsening climate
coupled with population growth. The degradation of springs may, in the long term, negatively
affect the hydrological regime and the quality of water in those rivers rising in this region
(including the Niger, the Senegal and the Gambia). The sustainable management and protection
of Foutah Djallon is therefore an important measure in any adaptation to climate change in West
Africa.

Specific measures

Carry out awareness-raising and support activities (e.g. help in organising meetings) to
speed up the finalisation, adoption and then implementation of the Framework Convention
on the Foutah Djallon mountain range.
Assist (through concerted meetings) the basin authorities that share the Foutah Djallon
mountain range to harmonise their approaches and/or develop synergies in their actions in
this region.

Implementation arrangements

In terms of the Foutah Djallon region, there is a need to back the development and protection of
the watershed to assist in harmonising the approaches of the various basin authorities (OMVS,
OMVG, ABN, Mano River Union) to the development of the Foutah Djallon resources.
International environmental NGOs such as the UICN, WWF and Wetlands International can be
privileged partners of the Ministries in charge of the environment and of basin organizations for
the implementation of specific envisaged measurements.
Further, the finalisation and especially the effective implementation of the Framework
Convention between Member States (Guinea, Guinea-Bissau, Gambia, Mali, Senegal,
Mauritania, Sierra Leone) on the Integrated Development Programme of the Foutah Djallon is
an important step towards the broader objectives set out below.
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4.4.4 Promote the ratification and implementation of the United Nations (UN)
Convention on shared waters

One of the anticipated consequences of climate change is an increase in conflicts over water –
what some refer to as the risk of water wars – especially around multinational river basins. West
Africa is considered as one of the high risk regions in terms of an increase in disputes or even
open conflicts over water. The 1997 UN Convention contains a range of provisions to avoid
conflicts around shared waters and to manage them should they arise. It provides a solid legal
basis for cross-border legal cooperation concerning shared waters. Despite its obvious
relevance to West Africa, this Convention has not been ratified by any Member State and only
the Cote d’Ivoire has signed it. The wider adoption of this Convention across West Africa would
enhance the ability of the region to address the risks of water conflicts which are likely to
increase as a result of climate change.

Specific measures

Assist in raising awareness among stakeholders regarding the UN Convention on shared
waters. Key target groups include senior civil servants in those ministries responsible for
water and in basin authorities, and parliamentarians.
Back research into the practical operationalisation of some of the Convention’s provisions:
e.g. prior concerting mechanisms, negotiation processes.
Back the sub-region in implementing what the UNESCO Potential Conflict to Cooperation
Potential (PCCP) initiative has so far achieved in this direction.

Implementation arrangements

As far as the UN Convention on shared waters is concerned, it should be noted that, in
partnership with UNESCO and with some financial backing from the WWF, the GWP/WAWP is
in the process of assessing barriers to the ratification of the Convention in West Africa. The
process of determining how to remove obstacles then needs to be backed, in particular, by
awareness-raising especially targeting members of parliament and senior decision-makers in
relevant ministries and water basin authorities. There will subsequently be a need to encourage
and assist in enacting some of the Convention’s provisions to ease their effective
implementation. This could involve the negotiation process and thus conflict prevention, and
measures and specific stages to be followed in terms of achieving prior consensus between
riparian states when a large-scale intervention is planned in a shared basin. The tools
developed by the PCCP initiative of the UNESCO International Hydrological Programme could
be used in making the case for cooperation and in strengthening capacities in terms of water-
based conflict prevention and resolution.

4.4.5 Institutional measures to encourage adaptation-related land development
investment

One of the major barriers to making sustainable investments to optimise land use is property
insecurity. In most West African countries, property law does not recognise private ownership of
the land, which is frequently considered as being the property of the nation managed by the
State on the peoples’ behalf. In recent years, with decentralisation moves, local authorities have
been handed greater responsibility in managing land by the delegation of various powers. Due
to the persistence of property customs and the authority of traditional chiefs, there are, in
practice, often parallel legal systems which neither guarantee security to traditional rights-
holders nor to rights– holders under modern law3.

3 In some countries, such as Mali, it seems that the recognition of local property customs and authorities makes it
possible to avoid or limit property problems whilst ensuring the legitimacy of property rights.
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Specific measures

Encourage the clarification of existing property laws to ensure better knowledge of the
possible constraints on developing land and on adopting adaptation measures linked to
climatic contingencies.
Promote social, legal and institutional arrangements that make it possible to ensure the
property security required for sustainable management investments in land and water.

Implementation arrangements

The process of re-interpreting public/private property law, agrarian and agro-pastoral reforms,
etc. is an opportunity to take due regard of the need for property security. Outlines to solutions
to questions of property security exist as part of local property agreements which try to
harmonise modern property law and local property customs and practices. Many NGOs and
their partners (IIED, GTZ etc) are already involved in these types of agreements and can be
called upon to contribute to this aspect of water management (Hilhorst et al. 1999; Kirsch-Jung
2003).

4.4.6 Institutional measures to ensure the improvement/protection of water quality

The deteriorating water quality brought about by climate change is explained by the proliferation
of invasive forms of vegetation (water lettuce, water hyacinth, typha, etc.). Conditions conducive
to such invasive vegetation have been created by falling flows, warmer waters and
eutrophication. The reduced throughputs mean that in some places the water is quasi-stagnant
at times. Floating vegetation hampers fishing, navigation, the functioning of hydro-agricultural
and hydro-electrical systems and creates an environment favourable to the carriers of diseases
such as malaria. Such invasive vegetation has suffocated several areas of water in the region
including the wetlands, the biological diversity of which is recognised as being of world
importance. The proliferation of water hyacinth has been noted in the Oti sub-basin of the Volta,
as well as the presence of typha in the Komadug Yobe basin (in northern Nigeria and in
particular in Lake Nguru which is a classified RAMSAR site). Upstream of the Diama dam at the
mouth of the Senegal River and close to the Djoudj and Diawling RAMSAR sites, the increase of
typha has been compared to a “giant carpet” rolling out across the river. In addition to the
human waste pumped into the river, wastewater from industry, mining sites and large cities, as
well as the increasing use of agricultural inputs have significantly contributed to the worsening of
water quality and the proliferation of waterborne diseases.

Specific measures

Assistance in defining and/or conforming to national standards on water quality.
Assistance in taking into account and/or enforcing the polluter pays principle in the use and
management of water resources.
Assistance in building sewage and wastewater purification stations.
Increasing material, human and financial capacities so as to be able to carry out water
quality monitoring and protection actions.

Implementation arrangements

The implementation of such actions requires the involvement of water quality analysis
laboratories which will require backing (training, equipment and other logistic facilities) to carry
out the relevant tasks. The ministries responsible for water, health, the environment, industry
and energy can all play a significant role in the implementation of such actions. Specialised
international bodies such as WHO, GEMS and IAEA could provide technical and financial
backing to assist in the implementation of appropriate action.
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4.4.7 Supporting the implementation of National Action Plans ( PANAs)

Many plans drafted in the past in Africa (concerning desertification and the environment), which
would have required the marshalling of considerable financial and human resources, are today
gathering dust on shelves. The danger that the same thing happens to PANAs (National Action
Plans for Adaptation to Climate Change) must be avoided. To help the Least Developed
Countries (LDCs) in drafting such plans, a fund was set up as part of the United Nations
Convention on Climate Change. The PANAs are supposed to identify the most urgent needs of
these countries in responding to the current threats posed by climate variability, the objective
being that the measures identified will help countries to increase their ability to adapt to climate
change. To fund the implementation of the PANAs, a trust fund has been established which can
be accessed once a plan has been formulated. All the countries of West Africa, with the
exception of Côte d’Ivoire, are categorised as Less Developed Countries (LDCs). As a
consequence, Ghana and Nigeria have been supported in drafting PANAs. Out of the applicable
West African countries, only Mauritania had submitted a PANA as of June 2006. The other
LDCs in the region are expected to do so by the end of 20074. The problem of mobilising human
and financial resources for the implementation of these plans will then become apparent.

Specific actions

Assist states in identifying domestic financial resources to increase their ability to self-
finance the PANAs.
Explore the possibility of raising funding for PANAs through exchange of Greenhouse Gas
issue rights.
Increase the ability of the West African states concerned to gain access to financial
resources through the trust fund mechanism.

Implementation arrangements

The trust fund is a valuable asset, but potential beneficiary states need support in formulating
eligible projects. More valuable would be help in identifying additional funds to implement the
priority measures identified in the PANAs. The possibilities provided through the exchange
mechanism for rights to emit greenhouse gases seem to be under-exploited in West Africa. By
heightening the awareness of decision-makers and experts in the water and environment
sectors within states and within basin authorities to the possibilities and opportunities provided
by the Trust Fund for Adaptation to Climatic Change and by the Clean Development
Mechanism, access to funding could be substantially improved.

4.4.8 Incorporating climate change factors and following international standards
in the planning and implementation of large hydraulic structures

At a time when a growing consensus is emerging on the major thrusts of future climate
development, there is no evidence that the “climate change factor” has been fully taken into
account in the planning, design and operation of major hydraulic and hydro-agricultural projects
in West Africa. This is despite the fact that the economic and financial viability, as well as the
social and environmental justification, of a large dam project envisaged in the current context of
West Africa may be questionable if due consideration has not been given to the probability of a
drastic reduction in average throughput as well as an increase in the scale and frequency of
extreme events (droughts and floods). Climate change needs to be regarded as a key
parameter in future hydro-agricultural and other projects involving the river basins of West
Africa. By the same token, any adaptation measures advocated must be rigorously analysed
and evaluated in the light of complex interactions resulting from their implementation. Dams
such as the Diama and Manantali ones on the Senegal River and of Maga and, Tiga in the Lake

4 It will be interesting to see how far these PANAs take into account the concerns and suggestions in this document.
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Chad basin, which were designed in response to climatic contingencies and desertification, have
had undesirable effects on the ecosystems, health and sometimes the living conditions of
neighbouring populations. The same also applies to small and medium-sized structures. There
is an urgent need to review the design standards currently being used in West Africa which date
back to the 1960s since climatic and environmental conditions have much changed in the region
since then. These changes in the climate have had an impact on various structures (such as
bursting banks or silting up). It is now essential to urgently propose new and appropriate
standards for designing small and medium-sized hydraulic structures.

Specific measures

See climatic change as one of the major criteria in feasibility analyses for hydro-electric and
hydro-agricultural projects.
Promote compliance with international standards in the planning, design and operation of
major dams.
Mobilise development partners to set up a large hydrological programme in West Africa with
the objective of securing new data on which to base fresh standards replacing those used in
the design of hydraulic structures since the 1960s.

Implementation arrangements

For the implementation of the suggested specific measures, it is important to begin by carrying
out a critical review of the current approval procedures for hydro-agricultural and hydro-electric
projects in the light of the climatic forecasts for the region. Given that financial backers play a
significant role in the procedures adopted by states and basin authorities in West Africa, it will be
necessary to review the procedures of the main financial backers (World Bank, ADB, UNDP,
EU, CIDA, SIDA, DGIS, etc.) and analyse the degree of compliance with the directives in the
framework of recent projects in West Africa. The results of such a review can serve as a basis to
launch a debate and in activities related to raising awareness. To the extent that they are
inspired by concerns about the environment as well as about equity, the degree of compliance
with the directives of the World Dam Commission should also be taken into account in the
review of current procedures. UNESCO, through its International Hydrological Programme,
could take the lead in mobilising partners and preparing and implementing such a programme.

4.4.9 Regulating land use based on vulnerability to flooding

The reduction in average flows, the current climatic variability and the forecast changes have
encouraged new forms of occupation and management of the riverbanks and low-lying areas.
Cropping zones and even longer-term dwellings tend to occupy increasingly lower, and
narrower, parts of the banks and river basins. The process has been exacerbated where dams
have been built upstream despite the fact that these constructions are supposed to regulate
river flows and provide a feeling of security to the inhabitants of river-basin shallows. Despite
this, there is also awareness that manifestations of the current climatic variability include an
increase in the scale and frequency of extreme climatic events such as droughts and
devastating floods. These phenomena are likely to increase in scale and frequency with climate
change. If preventive measures are not taken, future floods will be more devastating in terms of
their social and economic impacts.

Specific actions

Identify and/or update and map the areas most exposed to the risks of floods in each of the
main regional river basins.
Regulate the use made of, as well as the occupation of, areas depending on their degree of
exposure to climatic risks (flooding in particular).
Set up and/or update flood early-warning plans.
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Support the more-active involvement of the sub-region in the implementation of the
international initiative on floods coordinated by UNESCO and the World Meteorological
Organisation (WMO).

Implementation arrangements

The first specific action envisaged here is not, strictly speaking, an institutional measure but
relates more to acquiring knowledge on how the climate is evolving and its impact. The work of
identifying and mapping risk zones may be an initiative appropriate for basin authorities in
cooperation with institutions specialised in monitoring the environment (such as the Centre for
Ecological Monitoring in Senegal). The expertise of legal experts is required to help in
formulating rules for the use and occupation of high-risk zones. It should be noted that one of
the activities of Component 2 of the World Environment Fund (FEM) Senegal River Basin
Project currently being carried out involves designing an early warning system for floods in the
upper basin of the Senegal River. Using the results of this activity might be an appropriate basis
for launching a warning system for the whole of this basin that considers the climatic outlook. By
making use of this experience, and that of ABN and of AGRHYMET (in terms of rainfall), there
should be sufficient data available to design flood warning systems for the main regional basins
based on recent information on likely climate developments in West Africa.
Development partners could provide support in setting up pilot projects on controlling flooding in
West Africa (particularly in towns such as Niamey, Bamako and Dakar) which could be
considered as part of the international UNESCO-WMO initiative on flooding.

Conclusions – Recommendations

The changes that the West African climate has seen over the past few decades seem likely to
intensify over the years ahead due to climate change. Faced with these prospects, the political
and institutional responses to climate variability so far seen will not be sufficient. It will be
necessary to strengthen and diversify these responses to reduce the vulnerability of West Africa
to the impacts of climate change. Specific attention will be needed on promoting good
governance of water resources through integrated management and on the establishment of
conflict prevention and resolution machinery for shared water resources. The protection of
wetlands and other sensitive ecosystems such as the Foutah Djallon mountain range must form
part of the priority actions. Appropriate institutional and legal measures must be considered to
protect water quality, reduce the risks associated with flooding and ensure greater land tenure
so as to promote investment for adaptation to climate change. It is also necessary to start
thinking about mobilising financial resources for the effective implementation of the PANAs
currently being finalised in many West African countries. Finally, it is increasingly important to
consider climate change in feasibility analyses for development programmes and projects,
especially those related to the water sector.
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APPENDIX: Summary of institutional measures recommended

Measures planned Activities Scale Institutions concerned
1. Support for the development and
implementation of national integrated
management plans (PAGIRE)

 Technical support for the implementation
of already developed PAGIREs (Burkina
Faso). Support in formulating and
implementing PAGIREs in preparation
(Senegal, Mali, Benin and Cap Verde).
Convince other countries to formulate
PAGIREs and help them finding technical
and financial partners.

 Promote the inclusion and funding of
integrated management and adaptive
measures for Climate Change in Poverty
Reduction Strategy Documents (DSRPs).

National Ministries in charge of water

GWP

UCRE

Teams working on DSRP

2. Support to states for the effective
implementation of the RAMSAR Convention
on conservation and sustainable
management of wetlands

Assistance in inventory of wetlands and
classification of wetlands as RAMSAR
sites.

Support restoration and conservation of
wetlands with a particular role in mitigating
impacts of climate change.

Promote eco-hydrology in the
management of wetlands.

National
River basins

Ministries in charge of the
environment

Basin authorities: (OMVS, ABN,
OMVG, ABV, CBLT)

UICN, WWF, WI

UNESCO (PHI, MAB)

3. Support for the finalisation and
implementation of the Framework Convention
between member states on an Integrated
Management Programme for the Foutah
Djallon mountain range

Raising awareness and support to speed
up the adoption and implementation of the
Framework Convention on Foutah Djallon

Support basin authorities in harmonising
approaches to Foutah Djallon.

Regional

Regional

The six stakeholder states in the
agreement

ABN, OMVS, OMVG, MRU

African Union bureau for the MFD
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Measures planned Activities Scale Institutions concerned
4. Promotion of ratification and
implementation of the UN Convention on
shared waters

Canvassing for the UN Convention on
shared waters.

Research into the practical
operationalisation of certain provisions of
the Convention (prior consensus
machinery, negotiating processes).

Support for making full use of PCCP
facilities in West Africa.

Regional Ministries in charge of water

Parliaments

Basin authorities: (OMVS, ABN,
OMVG, ABV, CBLT)

GWP
UNESCO
ECOWAS (UCRE)
WWF

5. Institutional support measures to promote
investments in developing land for adaptation
purposes

Reviewing existing land ownership laws.
Promoting social, legal and institutional

arrangements that provide security of land
tenure.

National
Regional

Ministries in charge of land reform
Ministries in charge of water
resources
Ministries of agriculture and livestock
Parliamentarians
Local communities
LandNet (Land Network West Africa)
IIED

6. Institutional measures to improve/protect
water quality

Definition and/or compliance with national
water quality standards.

Adoption or compliance with polluter pays
principle.

Support for constructing waterworks for
the treatment of sewage and wastewater.

Strengthening control and protection
capabilities.

National
River basins

Ministries in charge of water
Ministries in charge of the
environment

Parliaments

Water quality analysis labs
Basin authorities
WHO
GEMS
IAEA
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Measures planned Activities Scale Institutions concerned
7. Support for the implementation of PANAs Identification of domestic financial

resources to increase government seIf-
financing of PANAs.

Mobilising financial resources for the
benefit of PANAs from exchange of issue
rights.

Increase the capacity of West African
states to access the financial resources of
the Trust Fund.

National
River basins

Ministries in charge of the
environment

National Climate Change focal
points

Basin authorities

UNFCCC

8. Integrating climate change and
international standards in the planning and
implementation of major hydraulic
infrastructural projects

Taking Climate Change into account as
one of the major criteria in feasibility
analysis of hydro-electric and hydro-
agricultural projects.

Compliance with international standards
in planning, construction and operation of
major dams.

Proposing new standards for the design
of small to medium-sized hydraulic
structures.

National
River basins
Regional

Ministries in charge of the
environment and water
Parliaments
Basin authorities: (OMVS, ABN,
OMVG, CBLT, ABV)
Sponsors (WB, ADB, EU, AFD,
UNDP, DGIS, CIDA, SIDA, etc.)
UNEP -Dams and Development
Project
UNESCO, WMO

9. Regulating land use in terms of
vulnerability to flooding

Identifying/updating/mapping areas at risk
from flooding.

Regulation of land use in areas at risk.
Introduce/update flood early-warning

plans.
Support the involvement of sub-regions in

international initiatives on flooding.

National
River basins

Ministries in charge of water

Basin authorities: (OMVS, OMVG,
ABN, CBLT, ABV)

AGRHYMET

UNESCO, WMO
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Chapter V: Possible practical measures for increasing capacities in West Africa
for integrating adaptation to climate change in water resource management

By: David PURKEY (SEI, USA) (Writer), Mouhamed el Moctar OULD MOHAMED (Hydraulics Ministry, Mauritania), B
Eustache BOKONO NGANTA (University of Abomey, Benin), Bassirou DIAGANA (Hydraulics Ministry, Mauritania),
Miranda VERBURG (ETC, The Netherlands), Léopold SOME (Institut Environnement Recherches Agricoles, Burkina
Faso), Baye FALL (Programme Changements Climatiques, Mauritania)

Summary

Earlier chapters have dealt with the potential effects of climate change on the hydrological
balance in the West African region and possible practical measures in regional watersheds
involving local communities and at the institutional level.

This chapter, the last of the five papers in the series, deals with practical measures for building
the capacities required to carry out the adaptations. This capacity-building concerns human
resources and more particularly individual and institutional knowledge and skills.

Taking the adaptations proposed in the previous papers as a starting point, this chapter
attempts to define appropriate practical measures to be taken in the area of capacity building. It
identifies targets and what is required to meet them in various categories such as awareness
raising, training, technical equipment and facilities, the legal and administrative framework,
finance and the exchange of information. Overall, these measures add up to the support
required to implement the adaptations recommended in response to the potential variability and
change in climate outlined earlier.

Keywords: West Africa, climate change, adaptation, capacity building

5.1 Introduction

The first paper in the series entitled “Impact of climate change and variability on water resources
in West African watersheds; what prospects?” describes the potential effects of future climatic
and hydrological regimes in the region. Although most climatic scenarios for the sub-region
foresee a drop in precipitation varying from 0.5% to 40%, with an average of 10 to 20% by 2025,
there are considerable uncertainties linked to these forecasts. Moreover, changes in seasonal
patterns have been observed and are expected to continue in certain areas. The consequences
of these changes on the annual hydrological balances in the sub-region could be a drop in river
flows of anywhere between 5% and 34% depending on the time horizon under consideration
and the country. Again, the uncertainties are considerable. With such changes, one can also
expect to see a lowering of the water table. Despite the uncertainties, it is generally accepted
that the frequencies and intensities of extreme events (droughts and floods) will increase in the
years to come. Accordingly, preparations need to be made to adapt to the expected
exacerbation of climatic extremes in the sub-region.

In response to these changes, the second and third papers in the series have attempted to
define practical adaptations that could protect those socioeconomic and ecological systems that
are vulnerable to the disastrous effects of climate change. These adaptations consider regional
watersheds which often cross international borders (Chapter 2), and the adaptation strategies of
the local communities Chapter 3). Taking the adaptations proposed in these two chapters as a
starting point, the fourth chapter outlines political and institutional adaptations on various levels
that, it is argued, are necessary to create an environment conducive to their implementation.

The motivation behind this final paper in the series was the assumption that these adaptations,
both human and institutional, would not come to fruition without efforts being made to strengthen
the local capacity to respond to the intense pressures linked to climate change in terms of water
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management. The challenge here is to define the capacity-building actions that will help ensure
the adaptation measures are carried through. There are two primary questions:

Whose capacity needs building?
What actions are required to achieve this?

The answers to these questions will pinpoint the targets for capacity-building and the form of
action required.

A brief discussion follows on the current situation regarding regional behaviour towards water
management which helps in defining the targets for capacity-building in order to respond to
climate change. This is followed by an indication of the various types of action needed for the
players identified to be able to implement the adaptations proposed. The priority adaptations
described in the earlier chapters are reviewed, leading to an organisational table which can help
identify practical capacity-building measures which would support identified populations on
specific adaptation measures. It is explained, using an example, how this table can be used with
newly-identified priority adaptations. The chapter concludes with some further
recommendations.

5.2 Present behaviour towards water resource management in West Africa and its
adaptation to climate change

Since the early 1970s, West Africa has been subjected to successive periods of drought,
rendering the available water resources vulnerable. This situation has substantially affected
environmental conditions and has led to the concepts of availability, accessibility and renewal
being considered in the regional management of water resources. Even though these concepts
do not always appear in actions undertaken in the regional planning and use of water resources,
especially when the situation calls for an individual and immediate response, consideration of
these new factors is leading to a sustainable management policy that might well be appropriate
for managing adaptation to climate change and the other pressures bearing down on water
resource management in the region, such as:

Demographic growth and change;
Development and modernisation of agriculture;
Development of mining industries;
Development of services provided by aquatic ecosystems.

Consideration of all these pressures in terms of the new concepts of availability, accessibility
and renewal has led to two fundamental approaches to future water resource management in
West Africa:

Adapting needs to resources
This starts from an assumed knowledge of water resources in terms of quantity, quality and
geographical spread, with needs planned to reflect available supply. However, there are gaps in
the supply-side knowledge.

Adapting water resources to needs
This assumes a sufficient control of water resources to meet planned needs, which are growing
exponentially.

Between these two extreme approaches, there is a hybrid view on how to tailor water resource
management to climate change. The fundamental argument is that one has to properly take into
account the matching of available water resources and needs while, at the same time, matching
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the management of proposed water resources to future pressures, including those resulting from
climate change. This suggests that capacity building should follow a strategy that will increase
knowledge of the resource and improve the way it is used.

5.3 Identifying targets for capacity building

The main target groups are set out below. The capacity-building strategies will have to be
tailored to the specific levels and objectives.

Government departments
Technical departments, based in ministries and their associated institutions, operating in the
water and sanitation sector in charge of programming activities.

Private enterprise (e.g. companies, chambers of commerce, trade federations)
Private operators active in the water and sanitation sector.

Policymakers (e.g. councillors, mayors, MPs, senators, government members)
Elected representatives who speak for the people at various political and administrative levels.

The media
Journalists (television, radio and state and private newspapers) broadcasting information
particularly relevant to the water and sanitation sector.

NGOs and grassroots associations
Players operating at various levels among the population both in the water and sanitation sector
and in the protection of natural resources in general.

The communities
The local populations involved with welfare, subsistence and profit-making activities, especially
those whose activities depend on water and aquatic ecosystems.

Universities, research centres and technical colleges
Centres of excellence dealing with technical issues and researching into a better understanding
of natural phenomena, particularly those related to water and aquatic ecosystems.

West African intergovernmental bodies
These are key centres for building capacities and sub-regional cooperation, particularly where
the climate, water and the management of regional basins are concerned.

5.4 Defining categories of action for building capacities

In terms of the adaptation of water resource management to climate change in West Africa, it is
possible to envisage several forms of action according to the targets concerned. Overall, these
actions can be classified as follows:

Raising awareness, enhancing information and communication;
Training and the development of a knowledge base;
Technical equipment and facilities;
Legal and administrative framework;
Raising funds;
Cooperation and information exchange.
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Raising awareness, enhancing information and communication

The issue of climate change and its impact, despite the fourth report of the IPCC, seems not to
have convinced some policymakers that some response is required. In West Africa, despite the
importance of the problem and its negative consequences, particularly in connection with water
resource management, climate change has not been fully integrated into development policies
and strategies. This is why it is still necessary to use the traditional routes to heighten
awareness and enhance information and communication. Tried and tested options include:

Short documentaries
Leaflets
Posters
Radio and television broadcasts
Books aimed at children
Awareness workshops

In whichever form, the message should provide genuine education with respect to water, its
supply and its uses.

Beyond using these conventional channels for education on water, fresh innovative channels
should be sought that could specifically pitch the data and information on climate change at the
targeted audience. For instance, for policymakers (government technocrats, members of
parliament), periodic briefings could be used to highlight and bring home the science and policy
involved in climate change before laws are passed and decisions taken within the technical
directorates of the ministries.

Training and the development of a knowledge base

Educational programmes have failed to take on board the issues related to climate change, so
much so that it is feared that tomorrow’s managers will be as sceptical as some of todays about
the whole issue. It is thus a matter of urgency, if West Africa is to become more heavily involved
in the sustainable development process, that training modules be created at every level dealing
with the potential impacts of climate change, particularly those related to water management.
Accordingly, and quickly, modules should be introduced into the curricula of universities,
institutes of technology and vocational courses to provide a deeper understanding of this topic
so as to develop managers and policymakers conversant with the potential threats posed by
climate change. As a general indication, the following possible approaches are suggested:

Short courses (1 to 3 months)
Modelling of water resources and watersheds
Database management
Harmonisation of collection and storage of data on water resources
Vulnerability and adaptation of water resources facing climate change
Legal aspects of water resource management
Climate change and sustainable development
Transfer of technical information to communities

University Curricula
Integrated water resource management
Water and local development
Water and sanitation
Digital modelling and GIS for water resources
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Postgraduate and experimental studies
Appropriate technology in water management and conservation
Development of watersheds
Rehabilitation of watersheds

The suggestions above are far from exhaustive and, in any case, will need tailoring to the
specifics of the targets and the specific purpose of the training. They provide, nonetheless, a
basis on which to build.

Technical equipment and facilities

Quality water resource management requires, amongst other things, the availability of
databases, observation equipment, analysis and early-warning facilities plus qualified human
resources. Unfortunately, several assessments in West Africa have found:

Obsolete observation equipment and networks;
Deteriorating networks with failing stations not being repaired/replaced;
Absence and/or scarcity of databases;
Poor storage of existing data;
Little use made of data in analysis and research;
Ageing climatic observation staff.

Even where the collection and storage of primary data is accepted as a state responsibility,
there are more urgent issues involving poverty alleviation and natural catastrophes (droughts,
flooding, food crises, etc.) that distract governments from putting any emphasis on the collection
of hydrological, hydrogeological and meteorological data. This hinders any analysis and future
projection work. Given this neglect, it is vital to build up capacities, in terms of technical
equipment and facilities, in government departments, universities, technical schools, NGOs and
private companies. The facilities required essentially concern meteorology, hydrology,
hydrogeology plus computing and storage.

Legal and administrative framework

Negotiations in the framework of the various United Nations Conventions, and particularly on
climate change, take place in a well-defined legal context. At the Conferences of Parties, it is
clear that international negotiations are carefully prepared for by the northern countries, which
engage in intensive lobbying, unlike the southern countries which are often poorly represented
and untrained in negotiation techniques. Support should be given to the representatives of the
West African sub-region (convention focal points, representatives of the ministries participating
in the negotiations) to ensure they are better prepared and able to argue their case. Moreover,
thought should be given to introducing courses on negotiation techniques in the law and
administration curricula of universities, schools and institutes. Several legal and administrative
texts on water resource management and use have been adopted by West African states.
These texts need to be revisited and considered in finer detail so that the components can be
integrated and harmonised with other government directives. At the national level, such capacity
building could help ensure the better integration of climate change considerations in decisions
on water policy.

Raising funds

Implementing measures for adaptation to climate change will obviously require significant
financial resources. It is essential that the abilities of those involved in raising the necessary
funds be increased so that they can take advantage of local, national and international
opportunities. Support in this context is needed to improve the effectiveness of the technical
representatives of the ministries concerned, and of the companies and NGOs involved.
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Furthermore, the curricula of universities and other institutes specialising in economics and
planning should be augmented with courses on fundraising, especially for the management of
water resources.

Cooperation and information exchange

No entity in the field of adaptation to climate change can nowadays operate in isolation,
particularly where water is concerned. For this reason, it is vital to promote cooperation at all
levels (local, national, regional and international). Capacity building should aim to ensure that
the best use is made of partnerships at every level. Similarly, facilities for the exchange of
information should be enhanced at all levels.

5.5 Priority adaptations

5.5.1 In terms of watersheds

Several adaptations in terms of watersheds were proposed in Chapter 2. Of these, the following,
it is believed, should be prioritised:

Building up and modernisation of water resource measurement network;
Development of planning, management and forecasting facilities that are able to take
account of climate change;
Planning and implementation of R&D activities related to hydraulic structures able to deal
with climate change. .

5.5.2 In terms of communities

Several adaptive options at the community level were identified as priorities in Chapter 3
including:

Promoting income-generating activities (market gardening, off-season crops, aquaculture,
fish farming, etc.);
Establishing early-warning and management systems for floods;
Construction and renovation of hydraulic structures.

5.5.3 In terms of institutions and policies

Several institutional adaptations were proposed in Chapter 4 and the following items are seen
as having priority:

Supporting processes aimed at the development and implementation of integrated water
resource management (PAGIRE) ;
Supporting the adoption and/or implementation of conventions on water resources and
ecosystems;
Institutional support measures that promote investments that make full use of land for
adaptation purposes.

5.6 Methodology for identifying practical capacity-building measures

Mindful of the vital need to build up and develop capacities, a logical structure is required that
takes into account the various targets and the categories of actions to be taken. The targets and
features of the categories identified earlier will certainly vary over time and depend on the scale
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and profile of the adaptation envisaged. Whatever the adaptation, not all the capacity-building
categories discussed above will be relevant to the targets concerned.
A flexible structure is thus needed that will enable the categories where capacity-building action
is required to be identified for each target involved in each primary adaptation. The table below
provides such a sample structure aimed at enhancing resource measurement networks at the
level of the watershed.

Action: Build-up and modernisation of water resource measurement networks
Scale; Watershed   Type of Action: Physical

Category Means, facilities

Build-up target: Government services

Raising awareness, enhancing
information and communication

Posters, debriefing sessions, seminars and workshops on the importance
of surveillance networks and the role of the population in data collection

Training and the development
of a knowledge base

Refresher courses, updating courses on the current state of the art of
data sampling and storage

Technical equipment and
facilities

Provision of sampling equipment, software (GIS, databases), data
transfer equipment

Legal and administrative Solving issues connected with access to sampling points
Fund raising Studies on availability of funds to finance measurement networks, course

on preparation of tenders
Cooperation and technical
exchange

International meetings on harmonising databases

Build-up target: Private companies (supplying and commissioning equipment, and data storage)

Raising awareness, enhancing
information and communication

Trade-fairs on opportunities in supplying and commissioning sampling
equipment and the development and maintenance of data storage.

Build-up target: Policymakers

Raising awareness, enhancing
information and communication

Posters and dossiers demonstrating the deterioration of current networks
and how this impedes the proper development of water resources

Legal and administrative Solving problems concerning access to sampling points

Build-up target; The media

Raising awareness, enhancing
information and communication

Posters and dossiers demonstrating the deterioration of current networks
and how this impedes the proper development of water resources

Build-up target: NGOs and grassroots associations (involved in collecting data and maintaining
sampling points)

Training and the developing
knowledge base

Training on data collection protocols and chains of custody for data
collected

Technical equipment and
facilities

Boring equipment

Build-up target: Communities

Raising awareness, enhancing
information and communication

Broadcasts on the need not to disturb sampling procedures in rural areas

Legal and administrative Making arrangements for establishing sampling points in rural areas and
on private property
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Build-up targets: Universities, research centres, technical colleges

Training and the development
of basic knowledge

Curricula on processing and analysing climatic and hydrological data.
Research on appropriate sampling equipment in the West African
environment

Technical equipment and
facilities

Computers, engineering laboratories

Fund raising Assistance in preparing tenders for scientific research in Africa
Cooperation and technical
exchanges

Participation in international conferences on processing and analysing
climatic and hydrological data

Build-up target: Intergovernmental bodies in West Africa

Training and development of
knowledge base

Refresher courses, updating courses on the state of the art on sampling
and data storage

Legal and administrative Legal consultations on solving questions concerning sharing data
between countries

Fund raising Study of availability of funds to finance measurement networks, course
on preparation of tenders

Cooperation and technical
exchange

International meeting on harmonisation of databases

Conclusions – Recommendations

A clear conclusion from this study is that it is essential to promote capacity building on several
levels, from the communities affected by climate change and adaptation measures, through the
watershed level, to the national level to ensure the effective implementation of adaptation
strategies for water resource management when faced with varying climate patterns and climate
change. It is only in this way that the water resources can be maintained and preserved for
future generations facing the disastrous effects of climate change.
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Chapter VI: Main conclusions and recommendations

Main implications of climate variability and change and their impact on water resources

Much work has been done on climatic variability and water resources in West Africa.
Assessments based on long-term hydrological observations over the last sixty years show
considerable change in climatic and hydrological regimes around the 1970s characterised by
greater annual variations, sometimes with ongoing rainfall deficits for the next thirty years. The
principal changes recorded after the 1970s are as follows:

A clear change in the rainfall pattern and river flows observed around 1968-1972 with 1970
as a pivotal year;
A general decline in average rainfall ranging from 15% to 30% across the West African
region;
A greater variability in the timing of the seasonal rains;
A reduction in surface water resources in the main basins (typically 40% to 60%) with a
consequent fall in the water volumes flowing through the main watercourses, regular
problems with low water levels and cessation of flows, a failure to fill many dam reservoirs
with the socioeconomic consequences of a reduced water supply to towns;
An intrusion of saltwater into the coastal lagoons (including the Cotonou lagoon and the
Senegal River’s delta) threatening freshwater biodiversity;
A considerable reduction in the area covered by the main wetlands, both inland and in
coastal areas, with a consequential reduction in fish production;
A general fall in groundwater levels; the fall in the water table reducing the feed in from the
sub-surface water stocks to the main watercourses and also resulting in saltwater intrusion
into coastal groundwater.

Little work has been done on the future (2025 to 2050) impact of climate change on water
resources in West Africa. The limited work that has been done suggests major uncertainties in
the models and sometimes shows wide divergences in the projected water situation. Research
efforts are required in this area. Despite the uncertainties, it is generally accepted by the
scientific community that hydrological extremes (droughts and floods) will increase in both scale
and frequency in the future. Given this expected increase in the variability of water resources in
the sub-region, there is a need to act now.

Practical measures to achieve a better knowledge and management of climate variability
and change and their impacts on water resources

The range of plausible future scenarios in climatic terms emphasises the need to manage
variability and uncertainty, and this requires improvements in our knowledge of climate and its
impact on water resources. Practical measures that would contribute to this goal are:

The promotion of the collection of meteorological and hydrological data and the
establishment of reliable information networks and effective management platforms;
The encouragement of research that could reduce the uncertainties, such as along the lines
of the AMMA programme and the FRIEND-AOC Project;
Assistance to university establishments and research institutes to enhance their technical
and financial facilities and develop research into modelling climate processes and their
impacts;
Spreading, scaling up and intensifying training on vulnerability assessment and adaptation
measures in the water resources sector.
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Practical measures for the basin-wide management of resources in West Africa to
enhance their ability to adapt to change

The Senegal River basin and its associated development organisation (OMVS) have served as
a case study. Within its terms of reference, the establishment of the OMVS can be seen as a
global response to assist in the sustainable management of water resources in light of their
increasing variability. Critical analysis of its lengthy experiences over more than 30 years can
assist in identifying practical measures for sustainable resource management in this and other
river basins in the region. The main lessons learnt in terms of needs can be summarised as
follows:

The need for an expression of strong political determination;
Establishment of a solid and flexible institutional and legislative framework;
Adoption of measures and rules for institutional operations and the management of shared
resources based on equity, solidarity and accountability;
Establishment of facilities for the management, forecasting and interlinking of monitoring that
are scientifically reliable and accessible to all those concerned;
Establishment of sustainable financial machinery to support programmes and projects;
Installation of jointly-owned multi-purpose structures;
Participation and commitment of all those involved through effective awareness raising and
communication campaigns;
Adaptation of operating and management rules to the regional and international
environment;
Improvements (modernisation and innovation) on planning and management; interlinking
monitoring facilities (reservoir management programmes, flood propagation programmes,
GIS, performance indicators, etc.);
Surveys, research and development to improve knowledge of basin ecosystems;
Increase capabilities (human and material at all levels of action).

For cross-border basins in West Africa, general practical adaptation measures can be envisaged
along the following lines:

Establishment of an appropriate legal and institutional framework in each cross-border basin
covering:

o Legal status of the river, its tributaries and outflows;
o Basin authority;
o Charter on basin waters;
o Environmental code;

Establishment of infrastructure for the control and development of water resources
(structural and secondary);
Establishment of a modern measurement network for the water resources;
Establishment of a network for both environmental and socioeconomic data collection;
Development of planning and forecasting facilities that take account of climate change
indicators (databases – GIS – observatories – requirements/resources);
Promoting research and development on climate change adaptation strategies and
measures;
Increase capabilities among all involved at national and sub-regional levels to bring home
the impacts of climate change;
Establish regional programmes to combat invasive aquatic plants; sandbanks, bank erosion,
waterborne diseases;
Put measures in place to encourage the involvement of the population (micro-credit, rural
electrification, fish-farming, aquaculture, drinking water supply, etc.);
Make arrangements that mobilise financial partners;
Set up income-generating infrastructures.
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Practical measures at the community level for the management of resources in West
Africa to assist them in adapting to change

In West Africa, the climate change and variability that has already affected water resources over
the past few decades has had direct and indirect impacts on livelihoods strongly connected to
these resources. The main impacts include:

A decrease in fisheries production and the disappearance of certain species;
A reduction in agricultural yields;
Scarcity of agricultural produce and accompanying high prices, plus problems with access to
certain markets and products (transport difficulties);
Fall in purchasing power and increase in poverty among local populations;
A rural exodus (both seasonal and long term).

Local communities have been forced to adopt strategies and measures designed to adapt to the
consequences of changing water resources. The different types of strategies and measures
considered are:

Self-adaptive measures

These are the measures already followed by local populations whenever climatic variability
affects their daily lives:

Rescheduling and improving traditional agricultural practices;
Measures aimed at effective and efficient water management for agricultural purposes
(filtering dykes, growing vetiver, artificial waterholes, stone banks, rearranging plots for
better water retention, etc.);
Recovery of rainwater from roofs.

Specific adaptation measures

These are the type of measures advocated and implemented by governments, assistance and
development aid bodies and NGOs. They general fit within the following areas:

Construction and rehabilitation of dams and water kiosks/selling points;
Re-afforestation and protection and rehabilitation of the banks of water bodies, rehabilitation
of deteriorated areas, stabilisation of dunes;
Creation of water points (boreholes, modern wells, etc.);
Seeds adapted to drought;
Weather forecasting and modern techniques for creating rainfall;
Development and protection of shoal waters;
Development of integrated watershed management;
Recharging groundwater;
Zai, half-moon, stone bank techniques, etc.
Renewable energy driven pumps (solar, biofuels, wind);
Development of fish-farming and aquaculture activities;
Alternative sources of income tied to carbon trading (through the CDM).

Measures involving access to drinking water and energy, and relating to poverty reduction at the
community level, are prerequisites that must accompany adaptation measures. The involvement
of communities through good communications is decisive. Heightening community awareness
about the need to protect the Foutah Djallon mountain range in West Africa is essential.
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Practical measures at the political and institutional level linked to adaptation to change in
resource management in West Africa

Faced with this situation, the natural and human environments have reacted in an attempt to
adapt to the new context. Some of the responses to climate variability – largely reactive and
spontaneous – have been institutional and political. However, in the light of the changes in
climate predicted, such measures undertaken to date are likely to prove inadequate and need to
be reinforced and diversified.

The priority recommendations in terms of institutional measures to increase West Africa’s ability
to adapt in terms of water resource management include:

Promoting integrated management of water resources;
Protecting wetlands;
Promoting the United Nations Framework Convention on the use of cross-border waters for
purposes other than navigation;
Strengthening legal and regulatory measures to protect water quality;
Mobilising financial and human resources to effectively implement national plans for
adapting to climate change;
Factoring climate change into feasibility studies on hydraulic and hydro-agricultural projects;
Taking appropriate legal, regulatory and organisational measures to attenuate the impact of
floods, whose scale and frequency are predicted to increase with climate change.

For each of these priority areas, specific measures and implementing arrangements are
indicated in the report.

Practical measures to increase the capacity to adapt to climate change in resource
management in West Africa

For any adaptation measure proposed to improve our knowledge of the climate and its impact
on resources, at basin and community levels and both politically and institutionally, one must
identify the relevant target groups. Similarly, the nature of the capability enhancement required
for each target group must be determined. The targets below, which have direct or indirect roles
to play in adapting to climate change, have been identified as needing such support:

Government departments;
Private enterprise (e.g. companies, chambers of commerce, trade associations);
Policymakers (councillors, mayors, parliamentarians, senators, government ministers);
The media;
NGOs and grassroots associations;
Communities;
Universities, research centres and technical colleges;
West African intergovernmental bodies.

As part of the capacity building needed to adapt water resource management to climate change
in West Africa, several measures may be envisaged in terms of the target categories. Overall,
these actions are covered by the following points and these are linked to the individual target
groups in the report:

Increasing awareness, enhancing information and communication;
Training and the development of a knowledge base;
Improving technical equipment and facilities;
Enhancing the legal and administrative framework;
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Raising finance;
Cooperation and exchange of information.

A standardised approach to facilitate the identification of the appropriate measures for each
target group in terms of an envisaged adaptation measure is described and demonstrated in the
report.
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APPENDIX 1: Agenda WRITESHOP Dakar, 21-24 February 2007

* Breaks were scheduled in the middle of the morning and afternoon sessions

Tuesday 20 Wednesday 21 Thursday 22 Friday 23 Saturday 24

a.m.

09:00
Welcome address by
ENDA,
NCAP,Netherlands
Senegal
- Jean-Philippe
Thomas, ENDA
- Miranda Verburg
ETC,
- Fatima Dia
TOURE, DEEC
Chairman of
WRITESHOP
Abou Amani
09:30

Presentation of the

programme and of

the writing workshop

process

Jean-Philippe
Thomas
09:45
Presentation of the
initial version of the
draft documents in
plenary
Abel Afouda
Tamsir Ndiaye
Moussa Na Abou
Madiodio Niasse
David Purkey

9:00
Theme
Sessions of the
writing workshop

5 sub-groups

Abel Afouda
Tamsir Ndiaye
Lawrence Flint
Madiodio
Niasse
David Purkey

09:00
Presentation of
the second
version of the
drafts
Plenary
Abou Amani

Abel Afouda
Tamsir Ndiaye
Lawrence Flint
Madiodio
Niasse
David Purkey

09:00
Finalisation

5 sub-groups

13:00 LUNCH LUNCH LUNCH LUNCH
2:30
p.m.

5:30
p.m.

Continued
presentation of the
initial version of the
draft papers

New themes and
summary of the
day’s business

Thematic
Sessions of the
writing workshop

5 sub-groups

Interim
Conclusions

Thematic
Sessions of the
writing workshop

5 sub-groups

Interim
Conclusions

Plenary Abou Amani

Finalisation
- What practical
measures?
- What action plans?
- Next stages?

CLOSE

Eve
ning

Arrival of
participants/
Organisers’
meeting to  clarify
roles and
responsabilities

Departure of
participants,
Organisers’ meeting to
take stock and make
preparations for next
stages
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APPENDIX 2: List of WRITESHOP Participants, 21-24 February 2007, Dakar

Name and
forename Organisation Country Address

1

Atigou BALDE Ministère Hydraulique
Energie /  Direction Nationale
de la Gestion des Ressources

en Eau

Guinea Kipe sis Ecole Française Commune de
Ratoma

BP. 642 Conakry République de Guinée
Tél. : + 224 60 25 05 55

atigoudire@yahoo.fr

2
Mouhamed el
Moctar OULD
MOHAMED

Ministère de l’Hydraulique Mauritania Ministère de l’Hydraulique BP 4913
Nouakchott, Mauritanie

mtarm2002@yahoo.com
Tel. : +222 525 71 40

3

Balla Abdou
TOURE

Populations et Développement
POPDEV (NGO)

Mauritania Avenue Gamal Abd. Nasser 712, BP 4263
Nouakchott

Mauritanie tel. : +222 524 00 81
infotoure@yahoo.fr

popdev2003@yahoo.fr

4
Mohamedou

OULD BABA SY
Observatoire du Sahara et du

Sahel OSS
Tunisia Bd du Leader Yasser Arafat ; BP 31/ Code

postal 1080 Tunis - Tunisie
Tél. : +216 71 20 66 33
Fax : 216 71 20 66 36

Lamine.babasy@oss.org.tn

5

Thomas Anatole
Aïnahin BAGAN

Ministère de l’environnement
et de la Protection de la Nature

Benin Ministère de l’Environnement et de la
Protection de la Nature

01 BP 3621 Cotonou, République du Bénin
Tél. : +229 95 71 45 29

Thomasbagan@yahoo.fr

6
Amadou Thierno

GAYE
Laboratoire de Physique de

l’Atmosphère, Ecole
Supérieure Polytechnique,

UCAD

Senegal LPAOSF/ESP BP 5085 Dakar- Fann
Sénégal tel. : +221 825 93 64

atgaye@ucad.sn

7

Mamady Kobélé
KEITA

Guinée Ecologie (NGO) Guinea 210, DI 501 DIXINN
 BP 3266 Conakry, Guinée

 Tél. : +224 60 20 70 39
kobele@gmail.com
kobele@msn.com

8
Toumany

DEMBELE
STP – CIGQE

Point Focal Massif Foutah
Djallon

Mali Quartier du fleuve
2357 Bamako, Mali

Tél. : +223 223 10 74 / 603 68 95
Toumanydem5@yahoo.fr

9
B. Eustache
BOKONON-

GANTA

Université d’Abomey-Calavi
Consultant en Etudes
Environnementales

Benin BP 261 Abomey - Calavi Benin
Tél. : Dom : 21 36 07 75

Cel : 95 05 08 94 / 97 05 68 11
bbkganta@yahoo.com

10
Boubacar Sidiki

DEMBELE
Secrétariat Technique du
Cadre Institutionnel de la
Gestion des Questions

Environnementales
(STP/CIGQE) NCAP

Mali BP 2357 Bamako, Mali
Tél. : (+223) 223 10 74 / 673 15 58

Fax : +223 223 58 67
Boubacar_dembele@yahoo.fr

11
Abdoulaye
DOUMBIA

Autorité Bassin du Niger
ABN

Niger Observatoire du Bassin du Niger / ABN BP
729 Niger

Tél. : 227 20 31 52 39
abnsec@iniger.ne , abdoumbia@yahoo.fr

12 Bassirou
DIAGANA

Inspecteur chargé des aspects
techniques au Ministre de

l’Hydraulique

Mauritania BP 1111 Nouakchott
Mauritanie Tél. : +222 6803394

mbdiagana@yahoo.com

mailto:atigoudire@yahoo.fr
mailto:mtarm2002@yahoo.com
mailto:infotoure@yahoo.fr
mailto:popdev2003@yahoo.fr
mailto:Lamine.babasy@oss.org.tn
mailto:Thomasbagan@yahoo.fr
mailto:atgaye@ucad.sn
mailto:kobele@gmail.com
mailto:kobele@msn.com
mailto:Toumanydem5@yahoo.fr
mailto:bbkganta@yahoo.com
mailto:Boubacar_dembele@yahoo.fr
mailto:abnsec@iniger.ne
mailto:abdoumbia@yahoo.fr
mailto:mbdiagana@yahoo.com
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Name and
forename Organisation Country Address

13

Saadou Ebih
Mohamed EL

HACEN

Centre National des
Ressources en Eau

CNRE

Mauritania BP 889 Nouakchott
Cel : +222 630 70 17

Tél. : +222 52 95
saadouebih@yahoo.fr

14
Abel AFOUDA Professeur Université

d’Abomey Calavi
Benin afoudabel@yahoo.fr

15

Tamsir NDIAYE OMVS Senegal 5, place de l’indépendance, BP 3152 –
Dakar

Tél. : 842 02 16
Tamsir.ndiaye@omvs.org

Ndiayetamsir2002@yahoo.fr

16
Madiodio NIASSE CSLT Senegal Tél.: 867 39 49 / 450 04 39

 Madiodio.niasse@gmail.com

17
Lawrence FLINT ENDA Senegal Lawrencesflint@yahoo.com

Enda.energy@orange.sn

18
David PURKEY SEI USA SEI– US 133 DST. suite F Davis, CA 95616

Bureau 916 325 0960
dpurkey@sei-us.org

19

Miranda
VERBURG

ETC The
Netherlands

Kastanjelaan 5, 3830 A B Leusden
Pays – Bas

Tél. + 31 (0) 33 432 6000
Fax : +31(0) 33 494 07 91

m.verburg@etcnl.nl

20
Isabelle NIANG ENDA / UCAD Senegal Enda.energy@orange.sn

isabelleniang@yahoo.fr

21 Jean-Philippe
THOMAS

ENDA Senegal Enda.energy@orange.sn
Enda.jp.thomas@gmail.com

22

Aita SECK DEEC Senegal 106, rue Carnot Sénégal
Tél. : +221 821 07 25 / 511 47 59

Fax : +221 822 62 12
aitasec@yahoo.fr

23
Mamouda

MOUSSA NA
ABOU

ENDA Senegal Enda.energy@orange.sn
mamoudam@yahoo.fr

24

Alexandre
CABRAL

Ministère des Ressources
Naturelles / Direction Générale

de L’Environnement Projet
PANA/NAPA

Guinea
Bissau

Bissau/Guinée-Bissau 438
Tél. : +245 661 44 99 / 25 45 83 / 720 42 63

tucabral2@yahoo.com.br/
alexcabral65@hotmail.com

25

Yahaya
NAZOUMOU

Université Abdou Moumouni
Niamey

Niger Dépt. de Géologie/ Université A. Moumouni
BP 10662 Niamey Niger
Tél. :+227 96 87 36 72

nazoumou@ird.ne /
 y_nazoumou@yahoo.fr

26
Abou AMANI Programme Specialist Water

Science UNESCO Accra
Office

Ghana UNESCO / Accra  - Ghana
a.amani@unesco.org

27

Madame
Jacqueline

ZOUNGRANA

DGRE, Ministère de
l’Agriculture, de l’Hydraulique

et des Ressources
Halieutiques

Burkina Faso 03 BP 7025 Ouagadougou 03
Tél. : +226 50 37 48 76 / 70 22 43 28

Fax : +226 50 37 48 65
zougjac@yahoo.fr

28 Madeleine DIOUF
SARR

DEEC NCAP Senegal Mad1@sentoo.sn
DEEC, rue Carnot Dakar

mailto:saadouebih@yahoo.fr
mailto:afoudabel@yahoo.fr
mailto:Tamsir.ndiaye@omvs.org
mailto:Ndiayetamsir2002@yahoo.fr
mailto:Madiodio.niasse@gmail.com
mailto:Lawrencesflint@yahoo.com
mailto:Enda.energy@orange.sn
mailto:dpurkey@sei-us.org
mailto:m.verburg@etcnl.nl
mailto:isabelleniang@yahoo.fr
mailto:Enda.jp.thomas@gmail.com
mailto:aitasec@yahoo.fr
mailto:mamoudam@yahoo.fr
mailto:tucabral2@yahoo.com.br
mailto:alexcabral65@hotmail.com
mailto:nazoumou@ird.ne
mailto:y_nazoumou@yahoo.fr
mailto:a.amani@unesco.org
mailto:zougjac@yahoo.fr
mailto:Mad1@sentoo.sn
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Name and
forename Organisation Country Address

29

Madjyara
NGUETORA

Agrhymet CILSS Burkina Faso CILSS
03 BP 7049 Ouagadougou 03

Tél. : +226 50 37 41 25 / Poste 210
Fax : +235 524 127

Email : M.Nguetora@agrhymet.ne

30

Jean Abdias
COMPAORE

Autorité du Bassin du Niger
(ABN)

Niger Observatoire du Bassin du Niger / ABN BP
729 Niger

Tél : +227 20 31 52 39 / 93 93 79 78
Fax : +227 20 72 42 08

abnsec@iniger.ne ,
abdiasj@netscape.net

abdiasj@abn.ne

31

Viriato luis
SOARES

CASSAMA

Ministère des Ressources
Naturelles

Guinea
Bissau

Bissau-Bairro Militar 399 Guinée Bissau
Tél. : +245 67 59 288 - Fax : + 245 201753

Email : cassamavilus@gmail.com
               cassamavilus@hotmail.com

32
Nazaire PODA Expert SE / EIE programme de

lutte contre l’ensablement
dans le bassin du fleuve Niger

Burkina Faso 01 BP 301 Dom Tél. : +226 40 46 03 50/
fax :+226 40 46 00 77

Email : plcebf@fasonet.bf

33

Rabé SANOUSSI Direction des Ressources en
Eau MH/E/LCD

Niger MH/E/LCD 257 Niger, Niamey
 Tél. : +227 96 59 22 04
Fax  :+ 227 20 72 40 15

Rsanoussi2001@yahoo.fr

34

Léopold SOME Institut de l’Environnement et
de Recherches Agricoles

Burkina Faso INERA  04 BP 8645
Tél. : +226 50 34 02 70
Fax : +226 50 34 02 71

Email : Isome@liptinfor.bf

35

Aliou Kankalabé
DIALLO

Union Africaine
Bureau de Coordination

International du PRAI-MFD

Guinea Programme Régional d’Aménagement
Intégré Massif Foutah Djallon

BP 1386 Guinée tél. : + 224 30 43 53 65
Cell : + 224  64 40 21 09

Fax : + 224 43 41 70
Email : unafrik@sotelgui.net.gn

36

Baye FALL Programme Changements
Climatiques

Mauritania Secrétariat d’Etat auprès du Premier
Ministre Chargé de l’Environnement

Mauritanie, BP 170 Nouakchott
 Tél. : +222 631 42 70
 fall_baye@yahoo.fr

37 Fatima Dia
TOURE

DEEC / MFPN Senegal DEEC 106 Rue Carnot Dakar
Tél. : + 221 821 07 25

mailto:M.Nguetora@agrhymet.ne
mailto:abnsec@iniger.ne
mailto:abdiasj@netscape.net
mailto:abdiasj@abn.ne
mailto:cassamavilus@gmail.com
mailto:cassamavilus@hotmail.com
mailto:plcebf@fasonet.bf
mailto:Rsanoussi2001@yahoo.fr
mailto:Isome@liptinfor.bf
mailto:unafrik@sotelgui.net.gn
mailto:fall_baye@yahoo.fr
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