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Foreword 

By the Secretary-General of the World Meteorological Organization
Professor G.O.P. Obasi

(Editor-in-Chief)

Water is one of the most important resources with great implications for African develop-
ment. Unfortunately, the freshwater situation in Africa is not encouraging. Presently, it is 
estimated that more than 300 million people in Africa live in a water-scarce environment. 
By 2025, 18 African countries are expected to experience water stress.  The amount of fresh-
water available for each person in Africa is about one-quarter of what it was in 1950. In many 
countries, requirements for domestic freshwater use, sanitation, industry and agriculture 
cannot be met. The situation is getting worse as a consequence of population growth, rapid 
urbanization, increasing agriculture and industrial activities, and lack of adequate capacity to 
manage freshwater resources.

Africa, through its policy-makers, has demonstrated its commitment to the imple-
mentation of the Millennium Declaration of the Heads of States and Governments, 
adopted by the UN General Assembly in 2000. The Declaration, inter alia, resolved 
"to stop the unsustainable exploitation of water resources by developing water man-
agement strategies at the regional, national and local levels, which promote both 
equitable access and adequate supplies".  Furthermore, Africa is committed to the 
Johannesburg Plan of Implementation of the World Summit on Sustainable Develop-
ment, namely,  "to halve, by the year 2015, the proportion of people who are unable 
to reach or to afford safe drinking water" by means such as the promotion of "af-
fordable and socially and culturally acceptable technologies and practices". These 
commitments pose important challenge to all stakeholders. The New Partnership for 
Africa’s Development (NEPAD) has also identifi ed water issues as those to be ad-
dressed if NEPAD is to successfully meet with its objectives.

Many African countries fi nd it diffi cult to attain their respective goals on provision of 
water because of lack of adequate human and institutional capacity. This has serious 
implications on any attempt to make meaningful plans for sustainable development. In this 
connection, therefore, one of the problems to be dealt with in addressing the challenges posed 
by water include capacity building in rehabilitation of networks to generate data needed for 
assessment and apportionment of water to support competing sectors. There is also the need 
to generate necessary information in support of policy development and implementation.   
Africa will go a long way in solving these problems if stakeholders are able to attain 
an effective and sustained outlet for the dissemination of experiences and knowledge 
related to water at national and regional levels.
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In the light of the foregoing, this African Water Journal is an important response to pertinent 
concerns over human and institutional capacity as it is expected to enhance aspects that cut 
across data and information exchange, research and policy development. In order to 
achieve this aim, the Journal will complement other efforts in Africa by:

• Consolidating and disseminating the growing knowledge and experiences 
of African national professionals in water resources development and 
management with the ultimate aim of providing a strong foundation for 
regional and national water policies and plans;

• Enhancing the capacity of professionals and practitioners to directly or in-
directly provide effective technical backstopping to the political hierarchy; 
and

• Facilitating the documentation and sharing of African experiences within 
Africa and establishments with the outside world.

The key thematic areas the Journal will focus on will be water as it relates to do-
mestic use, agriculture, industry, urbanization, environment, institutional maters and 
international cooperation.  

This inaugural issue has been put together to respond to most of these themes, while 
future editions are expected to cover these issues more extensively and across wider 
geographical areas. The Journal is expected to further add value to various efforts be-
ing made on similar subject matter in Africa.  While emphasizing, therefore, that the 
African Water Journal is complementing other similar initiatives in the continent, I 
would like to encourage academics and policy-makers to also contribute their knowl-
edge and experience in meeting its objectives. 

I seize this opportunity to thank the editors and production team for their hard work 
in putting this fi rst issue together. I have no doubt that the Journal will be sustained 
as a quality product that will continue to add value to available reference products for 
researchers and policy-makers alike on water, as we all strive to make contributions 
to the security of the future of Africa and its people.
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Development Challenges of Water Resource 
Management in Africa

Stephen M. K. Donkor

Background

Africa is a continent of great possibilities and great uncertainties. Mozambique was a 
rising star in 2000, a shining example of the type of political and economic recovery 
that could take place in Africa. After centuries of colonial rule followed by one of the 
most brutal civil wars in recent times, the country had held two elections; united its 
peoples and embarked on bold economic reforms that led to the highest growth rate 
in Africa. Then came the rains; and things changed overnight.

Floods rendered about a million people homeless - thousands died; cattle and farms 
on which millions depend for their livelihood were wiped out. The waters dislodged 
treacherous landmines lurking under shallow surfaces. The country was suddenly set 
back several years; the hope and promise of the peace dividend washed away by the 
fl oodwaters.

The 1999 El Niño rains in Kenya and Tanzania destroyed infrastructure, caused 
disease and massive economic damage. At the opposite extreme, about 23 million 
came under threat of drought in the Horn of Africa in the last couple of years. In 
1983/1984, drought in Ethiopia resulted in 300,000 deaths. In 1991/1992, drought in 
Southern Africa affected 20 million people, and relief action cost $ US 2 billion. 

But following the “lost decade” of the 1980s that saw African economies sink into 
near abyss, the last fi ve years of the 1990s brought a glimmer of hope. Partly due to 
bold political and economic reforms taking place in a majority of African countries, 
average gross domestic product (GDP) grew faster than the population for the fi rst 
time in two decades.  

A major step was taken by the political leadership in Africa with the adoption of 
the New Partnership for African Development (NEPAD) during the OAU meet-
ing in Lusaka, Zambia. NEPAD recognizes that there have been attempts in the 
past to set out continent-wide development programmes. For a variety of reasons, 
both internal and external, including questionable leadership and ownership by 
Africans themselves, these have been less than successful. However, there are new  
circumstances that lend themselves to integrated practical implementation today.
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Across the continent, democracy is spreading, backed by the African Union (AU), 
which has shown a new resolve to deal with confl icts and censure deviation from the 
norm. These efforts are reinforced by voices in civil society, including associations 
of women, youth and the independent media. In addition, African governments are 
much more resolute about regional and continental goals of economic cooperation 
and integration. This serves both to consolidate the gains of the economic turnaround 
and to reinforce the advantages of mutual interdependence. It centres around African 
ownership and management. Through this programme, African leaders are setting an 
agenda for renewal of the continent. The agenda is based on national and regional 
priorities and development plans that must be prepared through participatory pro-
cesses involving the people. 

State of Africa’s Water Resources

Africa’s share of global fresh water resources, at ten per cent, closely matches its 
share of world population at 12 per cent. But the distribution of this resource is 
uneven - from areas of severe aridity like the Sahara and Sahel in the north, and the 
Kalahari in the south, to the Congo Basin, which is estimated to have fi fty per cent 
of Africa’s fresh water. As we have seen, the continent suffers from one of the most 
unstable rainfall regimes in the world.

Water is life. This simple statement embodies the crucial role water plays to individ-
uals, families, communities, nations and regions. Without adequate water the human 
body does not survive, droughts occur to create famines and once prosperous societ-
ies cease to exist. History is replete with civilizations that have risen on the banks 
of ancient rivers such the Tigris and Euphrates, the Nile, the Niger, the Zambezi and 
many more. Water has provided nourishment, an environment for healthy popula-
tions and the basis of agriculture and industry. 

In modern times, sustainable socio-economic progress is seldom possible without 
adequate development of water resources to support food production, industry, the en-
vironment and other human needs. In Africa, water resources are unevenly distributed 
and its occurrence seldom coincides with areas of need. Generally the Northern and 
Southern parts of Africa are dominated by the Sahara and Kalahari Deserts, which 
have determined the human condition and lifestyles of nomadism and nature-induced 
migration. In contrast, the tropical belt of mid-Africa has mostly been characterized 
by abundant and, in some cases, excessive occurrence of water.

As seen from Table 1, on a continental scale, inadequacy of rainfall is not the funda-
mental issue facing water resources in Africa. The key issues appear to be related to 
management of the available resources. It is an issue related to the adequacy of the 
enabling environment under which water resources are managed at local, national 
and inter-country levels. Current institutional arrangements do not lend themselves 
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to the adoption of the Dublin Principles in 1992 in an attempt to emphasize the main 
issues of water management, including the importance of freshwater, stakeholder’s 
involvement in water development and management, the role of women and the eco-
nomic value of water. Moreover, they do not lead to sustainable fi nancing of invest-
ments. There is, therefore, need for institutional reform to improve performance in 
the water sector. Such reform should be underpinned by the adoption of the Dublin 
Principles. 

However, the data  in Table 1 would suggest that the reform should also be underpinned 
by cooperation and partnership between countries and between the sub-regions in the 
continent, with the water basin serving as the basic unit for resource management.

Fortunately, many African countries have risen to the challenges that confront them. 
In the fi eld of water policy, strategy and institutional arrangements, a number of ad-
vances have been made. There is also an increasing commitment to water policy re-
form and a strong trend towards decentralization of water institutions. Furthermore, 
there is a thrust towards fi nancial sustainability in the water sector and a realization 
of the importance of treating water as an economic good, while providing a safety 
net for the poor.

Both extremes of shortage and excess of water result in different forms of socio-
economic insecurity. We need a new way of viewing water resources management. 
Our water resources need to be managed in order to secure adequate and reliable 
supply of water to support our socio-economic development. At the same time, they 
should be managed to protect the gains of development from the potential damaging 
impacts of too much or too little water resulting from fl oods and droughts.

If Africa is to claim the 21st Century, the two core components of any strategy should be:
• Adequate investment in human development areas such as health and edu-

cation; and 
• The maintenance of basic physical infrastructure. 

In both these components, water resources development has a basic role to play. The 
health of our people cannot be maintained without adequate access to clean water 
and some of the basic infrastructure whose maintenance is absolutely essential for 
economic development related to water.

Social investment is a driving force for development, and it contributes to a stable 
and progressing society. Its core components are water supply and sanitation, health, 
education, and housing. Most of the major public health problems facing Africa are 
water- and excreta-related. Examples include:

• River blindness, which is transmitted by the black fl y that breeds in 
rapidly-fl owing water; 
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• Bilharzias, which is transmitted by snails that breed in stagnant waters; 
• Malaria, elephantiasis, and yellow fever, which are transmitted by mosqui-

toes that breed in stagnant waters; and 
• Cholera, typhoid, various types of dysentery and diarrhoeal diseases, that 

are transmitted through excreta and water supply. 

These are but a part of the over 50 communicable diseases  associated with water and 
inadequate sanitation. Such diseases affect sustainability of economic development 
and undermine investments in poverty alleviation. They are responsible for high lev-
els of debility and mortality in Africa. They lead to low energy levels in people. The 
result is a reduction in productivity, loss of income, premature death, and wastage in 
investment in such people. Thus, security of access to safe water supply and sanita-
tion services, suffi cient to meet basic human needs, helps to safeguard and improve 
public health and social well being. It is an instrument for producing a satisfi ed and 
healthy workforce endowed with a high level of productivity and longevity, thereby 
ensuring high returns in other areas of social investments, such as investments in 
public health, education and other social amenities. In short, it is an instrument of 
economic development and poverty alleviation.

It  has been reported that in some cultures and countries, lack of adequate  sanitation 
facilities at schools make girl-children reluctant to go to school. Hence lack of such 

Sub Region Area Rainfall Internal Renewable 
Resources (IRR)

Withdrawals for Agriculture, 
Community Water Supply and 

Industry
1000 km2 km3/yr mm/yr km3/yr mm/yr % of 

rainfall
km3/yr mm/yr % of 

rainfall
% of 
IRR

North 5753 411 71.4 50 8.7 12.2 76.3 13.3 18.6 152.6
Sudano- 
Sahelian

8591 2878 335.0 170 19.8 5.9 24.1 2.8 0.8 14.1

Central 2106 2965 1407.9 952 452.0 2.1 6.1 2.9 0.2 0.6
Eastern 5329 7621 1430.1 1946 365.2 25.5 1.4 0.3 0.02 0.1
Islands 591 1005 1700.5 340 575.8 33.8 16.6 28.1 1.7 4.9
Southern 4739 2967 626.1 274 57.8 9.7 18.9 4.0 0.6 6.9
Total 30027 20211 673.1 3991 132.9 19.7 149.9 4.0 0.7 3.8

Source: ECA & FAO, 1995\

Northern: Algeria, Egypt, Libya, Morocco, and Tunisia.
Sudano-Sahelian: Burkina Faso, Cape Verde, Chad, Djibouti, Eritria, Mali, Mauritania, Niger, Senegal, Somalia, 

Sudan.
Gulf of Guinea: Benin, Cote d’Ivoire, Ghana, Guinea, Guinea Bissau, Liberia, Nigeria, Sierra-Leone, Togo. 
Central: Angola, Cameroon, Central African Republic, Congo, Equitorial Guinea, Gabon, Sao Tome, Democratic 

Republic of Congo.
Eastern: Burundi, Ethiopia, Kenya, Rwanda, Tanzania, Uganda.
Islands: Comoros, Madagascar, Mauritius, Seychelles.
Southern Africa: Botswana, Lesotho, Malawi, Namibia, South Africa, Swaziland, Zambia, Zimbabwe.

Table 1: Regional distribution of rainfall and water withdrawals in Africa
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basic facilities can be a source of social injustice and a gender bias in education and 
development.

In view of these social benefi ts, many African governments rightly place a high 
priority on access to safe and adequate water supply and sanitation. But to ensure 
a sustainable expansion of such services, we need to fi nd ways of paying for their 
capital investment and operating costs. Generating the requisite fi nancial resources 
for this and other purposes is one of the goals of our economic development strategy; 
and we need water as an input for this development effort.

Strategic Issues

A form of water resources management known as Integrated Water Resources Man-
agement (IWRM) is refl ected and advocated in the Africa Water Vision. The Vision 
reminds us of the need to accord an appropriate priority to water in our socio-eco-
nomic planning in order to ensure the sustainability of Africa’s water endowment, 
which is threatened by certain natural phenomena and human factors. In developing 
the African Water Vision, a consensus was reached that these natural threats are:

• Multiplicity of transboundary water basins; 
• Extreme and temporal variability of climate and rainfall; and 
• Growing water scarcity, shrinking of some water bodies, and desertifi ca-

tion. 

The human threats include:
• Pursuit of inappropriate governance and institutional arrangements in man-

aging national and transnational water basins; 
• Depletion of water resources through pollution, environmental degrada-

tion, and deforestation; 
• Failure to invest adequately in resource assessment, protection and devel-

opment; and 
• Unsustainable fi nancing of investments in water supply and sanitation. 

Overcoming these threats requires African policy-makers to address the following 
challenges in managing the water resources on the continent:

• Ensuring that all have sustainable access to safe and adequate water supply 
and sanitation services to meet basic needs; 

• Ensuring that water does not become the limiting factor in food and energy 
security; 

• Ensuring that water for sustaining the environment and life-supporting 
ecosystems is adequate in quantity and quality; 

• Reforming water resources institutions to establish good governance and 
an enabling environment for sustainable management of national and 
transboundary water basins and for securing regional cooperation on water 
quantity and water quality issues; 



6

African Water Journal

• Securing and retaining skilled and motivated water professionals; 
• Developing effective systems and capacity for research and development 

in water and for the collection, assessment, and dissemination of data and 
information on water resources; 

• Developing effective and reliable strategies for coping with extremes of 
climate and rainfall, the growing water scarcity, and the disappearance of 
water bodies; 

• Reversing growing, man-made water quantity and quality problems, such 
as over-exploitation of renewable and non-renewable water resources, and 
the pollution and degradation of watersheds and ecosystems;  

• Achieving sustainable fi nancing for investments in water supply, sanitation, 
irrigation, hydropower and other uses, and for the development, protection, 
and restoration of national and transboundary water resources; and 

• Mobilizing political will, creating awareness and securing commitment 
among all-about-water issues, including appropriate gender and youth 
involvement. 

The African Water Vision 2025

The African Water Vision for 2025 is thus designed to avoid the disastrous conse-
quences of these threats and lead to a future where the full potential in Africa’s water 
resources can be readily unleashed to stimulate and sustain growth in the region’s 
economic development and social well-being. 

The shared vision is for: 

“An Africa where there is an equitable and sustainable use and management of 
water resources for poverty alleviation, socio-economic development, regional 

cooperation, and the environment”

It is, therefore, a vision for an Africa in which:
• There is sustainable access to safe and adequate water supply and sanita-

tion to meet basic needs for all; 
• There is suffi cient water for food and energy security; 
• Water for sustaining ecosystems and biodiversity is adequate in quantity 

and quality; 
• Water resources institutions have been reformed to create an enabling environ-

ment for effective and integrated management of water in national and trans-
boundary water basins, including management at the lowest appropriate level; 

• Water basins serve as a basis for regional cooperation and development, 
and are treated as natural assets for all within such basins; 

• There is an adequate number of motivated and highly skilled water profes-
sionals; 

• There is an effective and fi nancially sustainable system for data collection, 
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assessment and dissemination for national and transboundary water basins; 
• There are effective and sustainable strategies for addressing natural and 

man-made water resources problems; 
• Water is fi nanced and priced to promote equity, effi ciency, and sustainabil-

ity; and 
• There is political will, public awareness and commitment among all for sus-

tainable water resources management, including the mainstreaming of gender 
issues and youth concerns as well as the use of participatory approaches. 

The framework for action

The framework for achieving this Vision calls for:
• Strengthening governance of water resources; 
• Improving water wisdom; 
• Meeting urgent water needs; and  
• Strengthening fi nancial base for desired water future. 

The framework for action defi nes the road map towards the Vision; and Table 3 
shows the milestones, together with corresponding targets towards the Vision. The 
following sections give further elaboration of the broad set of actions envisaged for 
Africa:

Strengthening governance of water resources
• Developing and implementing institutional reform and capacity building at 

local, national and transboundary water basin levels; 
• Using the water basin as the unit for water resources management; 
• Strengthening river basin and aquifer management; 
• Creating an enabling environment for cooperation between countries shar-

ing international water basins; 
• Mainstreaming management at the lowest appropriate level and creating 

institutional arrangements for full stakeholder participation; and 
• Liberalizing water markets while meeting basic needs of the poor. 

Improving water wisdom
• Establishing a sustainable system for data collection, management, and 

dissemination, including standardization and harmonization of data; 
• Building institutional and human capacity for effective water management; 
• Conducting research and development on water resources issues; 
• Facilitating access to Internet services at local levels; and 
• Mainstreaming gender and youth concerns in all activities. 

Meeting urgent water needs
• Expanding safe water supply and sanitation services to meet basic human 

needs; 
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• Ensuring adequate water for sustainable food security; 
• Ensuring that water for environment is adequate in quantity and quality; 
• Ensuring adequate water for economic development in the areas of agricul-

tural production, energy and hydropower production, industry, tourism and 
transportation; 

• Managing drought and desertifi cation; 
• Conserving and restoring ecosystems; 
• Protecting watersheds and controlling siltation of hydraulic structures; 
• Meeting the needs of rural energy supply; and 
• Developing non-conventional resources such as desalination and re-use of 

water. 

Strengthening fi nancial base for desired water future
• Mainstreaming full-cost recovery and service differentiation, allowing for 

a range of service   options, each with its own price tag; 
• Securing sustainable fi nancing and initial donor assistance for tackling 

urgent water needs; 
• Securing sustainable fi nancing for institutional reform; 
• Securing sustainable fi nancing for information generation and manage-

ment; 
• Shifting from government to private sector fi nancing in the water sector; 

and 
• Establishing mechanisms for sustainable fi nancing of water resources 

management. 

The framework for action defi nes what needs to be achieved if Africa is to move 
from where it is today to where it wants to be by 2025. However, these ends cannot 
be achieved in one giant step. The milestones and targets defi ne intermediate goals 
to be reached at different levels (local, national, sub-regional and regional) at stated 
times, in progressing towards the goals. Examples of milestones and targets are pre-
sented in Table 2.

Towards irrigated agriculture

Recently, more and more countries in Africa have been embarking on irrigated ag-
riculture. Countries in North Africa, including Egypt, Algeria and Morocco, have 
a longer history of irrigation and have experiences of salinization, which damages 
productive properties of soils. These countries need to provide a component to com-
bat the threat and to bring about sustainability and increased productive potentials in 
their national strategy. For those countries newly embarking on irrigated agriculture, 
the incorporation of drainage facilities will be a cost-effective investment. Where ap-
propriate, irrigation development and expansion should take into consideration the 
possibilities of adapting necessary design and operational factors to incorporate the 
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use of marginal quality of water from effl uent or brackish sources into existing and 
future schemes.

Since the Great Drought of the 1980s, Africa has suffered more frequently from 
drought events. The gyration/fl uctuation of the downward trend in rainfall continued 
in many places and set in train the process of accelerated desertifi cation and drought. 
The concept of “drought proofi ng”, refl ecting concern over possible climatic chang-
es, should become an integral part of planning with increased water conservation 
measures and crop diversifi cation. Coordinated training programmes on drought and 
its control are recommended.

Sub-Saharan Africa suffers most from poor economic performance, recurrence of 
drought and crop failures that led to the onset of famine and mass exodus of people. 
Despite the prevalence of water scarcity in the region, rainwater that is received has 
mostly been allowed to fl ow uncaptured into the seas and oceans. Many countries in 
the region have more recently embarked on and launched an intensive and systematic 
strategy of rainwater harvesting for small-scale irrigation and environmental reha-
bilitation by using labour intensive, low-cost technologies and mobilizing domestic 
resources. 

These activities have been very useful in meeting local food requirements and pro-
tecting and conserving the environment. This strategy responds to the needs of the 
rural population living in remote areas and can be accommodated within the fi nan-
cial means of the countries of the region. It is therefore recommended that all coun-
tries adopt and replicate successful water harvesting technologies for increasing the 
command areas of small-scale irrigation parallel with the larger water development 
and irrigation schemes envisaged in their national development plans.

Actions

Urgent action needs to be taken to provide adequate wastewater treatment, disposal 
and re-use, to complement the expansion of water supply systems. The cost of pro-
viding water services to various sectors must be met by the benefi ciary communities. 
In applying the principle of cost recovery or a degree of fi nancial autonomy in a 
scheme, two important points need consideration. First is the guarantee of reliability 
of the supply system for users to accept the principle, and second, the ability to adjust 
charges to meet the cost of supply.

With the institutional and administrative changes that have been introduced to keep 
pace with water management, all countries are discovering the need to adapt their leg-
islation to match more dynamic and more demanding circumstances. Inadequate legis-
lation has often been a serious impediment to water development or its optimal use. Of 
equal importance to the formulation of appropriate legislation is the need to establish 
mechanisms to enforce its provisions. Redesign of legislation, and the mechanisms for 
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Actions Targets
2005 2015 2025

Improving Governance of Water Resources
1. Development of national IWRM policies 

and comprehensive institutional reform.
♦ In process of development
♦ Full  implementation

100% of countries
100% of countries

2. Enabling environment for regional  
cooperation on shared water. 

♦ Initiated in existing river-basin 
organizations

♦ Implemented in existing river-basin 
organizations

♦ Initiated in new river-basin organizations
♦ Implemented in new river-basin 

organizations

100% of 
organizations
50% of organizations

100% of organizations
100% of organizations
50% of organizations 100% of 

organizations

Improving Water Wisdom 
1 Systems for information generation, 

assessment and dissemination
♦ Established at national level
♦ Established for international river basins
♦ Established at Africa-wide level

50% of countries
30% of basins

100% of countries
100% of basins

100% complete

2 Sustainable fi nancing for information 
generation and management

♦ Review of global experience
♦ Implementation at national level
♦ Implementation at river-basin level
♦ Implementation at Africa-wide level

100% complete
50% complete
30% complete

100% complete
100% complete
30% complete 100% complete

3. IWRM Capacity-Building
♦ Create public awareness and consensus
♦ Knowledge gaps identifi ed
♦ Partnerships for strategic assistance
♦ National research institutes established
♦ Regional research institution established
♦ Gender/youth concerns mainstreamed

100% of countries
100% of countries
100% of countries
20% of countries
One established 
30% countries

60% of countries
Two established
100% countries/ basins

90% of countries
Three 
established

Meeting Urgent Water Needs
1. Proportion of people without access:
♦ to safe and adequate water supply 
♦ to safe and adequate sanitation

Reduce by 25%
Reduce by 25%

Reduce by 75%
Reduce by 70%

Reduce by 95%
Reduce by 95%

2. Water for achieving food security 
♦ Water productivity of rain-fed agri. and 

irrigation 
♦ Size of irrigated area

Increase by 10% 
Increase by 25%  

Increase by 30%
Increase by 50% 

Increase by 60%
Increase by 
100% 

3. Development of water for agriculture, 
hydropower, industry, tourism & 
transportation at national level.

5% of potential
10% of potential 25% of potential

4. Conservation and restoration of 
environment, biodiversity, and life-
supporting ecosystems

♦ Allocation of suffi cient water for 
environmental sustainability.Conserving 
and restoring watershed ecosystems

Implemented in 30% 
of countries
Under development

Implemented in 100% of 
countries
Implemented in 50% of 
river basins

Implemented in 
100% of river 
basins

5. Effective management of drought, fl oods 
and desertifi cation

Under development Operational in 50% of 
countries

Operational 
in 100% of 
countries

Table 2: Milestones and Targets
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its effective application are invaluable to meet present and future water management 
needs. It is also necessary for countries to adopt a comprehensive approach with a bal-
anced mix of policy measures in different fi elds, including water management, sectoral 
and macro policy as well as legal and institutional frameworks.

The dearth of adequate human resources with training, skills and experience in the 
scientifi c, technical, managerial and administrative functions required for the devel-
opment, conservation and management of water resources forms a crucial constraint 
in the strategy proposals of many countries in the African region. In the early 1980s 
more attention was given to the development of human resources. There is need for 
training in planning, project identifi cation and preparation, project implementation, 
project monitoring and evaluation. A cost-effective way to train technicians on a 
continuous basis may be to set up training schools for technicians in the various sub-
sectors of water.

It is worth noting that a promising trend has been developing in some countries to-
wards more positive involvement of local communities in the conservation and man-
agement of their natural resources and the environment. This mobilization of popular 
participation, with able organizers and appropriate information support, may offer a 
great opportunity for sustainable management of resources.

The United Nations Water Conference held in 1992, represented a unique assembly 
of knowledge and experience in all water-related fi elds. It provided a frame of ref-
erence that is still valid. Based on the developments over the years and in line with 
Agenda 21, there are a number of areas requiring action that should be incorporated 
in individual national water strategies.

The weaknesses in the linkages between water sector planning and national plan-
ning at the macro level and project planning at the micro level persist. The Structural 
Adjustment Programme (SAP) which most countries in the region are implement-
ing, is putting pressure on them to appropriately relate the water plans with National 
Development Plans in view of SAP’s requirement to balance the internal and exter-
nal accounts. The essence of planning should be in the integration of sectoral plans 
and programmes with overall water resources management within the framework of 

Strengthening Financial base for desired water 
future
1  Sustainable fi nancing for policy and 

institutional reform and capacity-building
2 Sustainable fi nancing for information 

generation and management
3 Financing urgent water needs
♦ Implementation of pricing and full cost 
        recovery
♦ Increasing private sector participation

♦ Mobilizing fi nance from national and 
international sources.

Operational in 60% of 
countries
Secured in 100% of 
countries

Operational in 50% of 
countries 
Operational in 30% of 
countries  
Secured for 50% of 
countries

Operational in 100% of 
countries

Operational in 100% of 
countries
Operational in 100% of 
countries
Secured for 100% of 
countries
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national socio-economic objectives. This is to be accompanied by the establishment 
of institutional and organizational arrangements, including an appropriate form of 
national water resources centres to facilitate this.

The meteorological and hydrological services have been badly run down in the past 
ten years for various reasons, particularly lack of adequate funding. They are in ur-
gent need of rehabilitation and expansion. The UNESCO/WMO National Evaluation 
of Water Resources Assessment activities and the UNDP/World Bank Sub-Saharan 
Africa Hydrological Assessment have identifi ed actions that should be taken in each 
country. The improvement or, where necessary, the introduction of systematic mea-
surement and monitoring of water quantity and quality, in both surface and ground-
water sources, is essential in light of concerns regarding global atmospheric warm-
ing, and the increasing demand on water resources.

As a result of the debt burden and economic diffi culties of the African countries, 
investment funds for water projects have diminished. Operation and maintenance 
funds have either been curtailed or removed under SAP. The fl ow of external invest-
ment funds has been slowing down since 1983, partly as a result of the diffi culties of 
meeting debt service obligations. The problems call for:

a) The development and introduction of practical measures towards scheme 
autonomy and cost recovery in conjunction with greater effi ciency and reli-
ability of water supply to the various users; and 

b) Increased attention and investment funds to undertake measures of improv-
ing water use effi ciency, reducing waste and damage to natural resources 
by rehabilitating infrastructures. 

As a result of recurrent droughts, many countries have been living through a cycle 
of austerity or contingency plans to the detriment of normal programmed work. The 
establishment of emergency relief organizations on a more permanent basis will curb 
the problem of diverting resources to meet crisis conditions and enable action in all 
kinds of disasters such as fl oods, droughts and earthquakes.

Strong emphasis should be accorded to overall planning for drought conditions and 
water conservation in water-scarce areas for the mitigation of fl ood damages. The 
fl uctuation in food and agricultural production due to meteorological variations 
persists. The most effective remedial measure aimed at contributing to stabilized 
production is the Early Warning System, which is being installed in many countries. 
The present distribution and contribution of irrigation to food and agricultural pro-
duction has not changed, as the region is still a net importer of cereal, the one crop 
to which the land under irrigation is devoted. Current funds are going into rehabilita-
tion and expansion of existing schemes. At the same time the economic viability of 
modern irrigation schemes is constrained by high costs of construction, operation 
and maintenance, and by poor production performance leading to low overall benefi t 
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of irrigation projects. A critical review is needed of the role irrigation should play in 
the national strategies for food and agricultural production regarding climate, land 
and water and the nexus issues of population, food security, and environment.

The resources of the departments of community development, health and education 
need to be increased to enable them intensify their mass education campaigns at the 
local level thereby securing the participation of local communities in the manage-
ment and conservation of water resources, and increasing the awareness of the value 
of water among water users of the production sector. 

But there is also a gender dimension to Africa’s water issues. 

Gender issues

As the group most directly concerned with the family’s water supply, and in line 
with the thinking that participation of women and women’s organizations will revo-
lutionalize the improvement of the drinking water supply situation in rural areas, 
steps should be taken to involve women at all levels of decision-making and in the 
development process.

Women’s organizations should also be instituted at the national level with the com-
mon objective of advancing national socio-economic progress under centralized 
guidance. The national women’s organization should be supported by all national 
and international organizations in a country, in respect to promoting political, eco-
nomic, social and cultural development. These national organizations should have 
branch organizations at village and district levels, all of whom should work under 
the umbrella and guidance of the national women’s organization with the common 
goal of: 

Raising the consciousness and cultural standards of women 
through training in skills and the provision of opportunities in or-
der to liberate them from economic and social dependence on men; and
Preparing women to occupy their appropriate position in society and for them to 
actively participate in productive social activities by creating appropriate working 
conditions.

A distinction must be made that, in treating the subject of involvement of women in 
development, an attempt should be made to focus on the basic problems prevailing 
in the rural areas of Africa. Means should be devised for integrating women to work 
side by side with men to solve common problems and to enable them to live at a 
standard compatible with human dignity. The objective is not the development of a 
counter force to confront men but rather the creation of harmony. It is necessary to 
guard against taking drastic steps that disturb traditional cultures, laws and practices 
so at to avoid social disorder. The approach should be worked out in a step-by-step 
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process, which gradually brings about the involvement and integration of women in 
development schemes.

In order to attain the acceptance of society for women to fully participate in the 
realization of water development schemes, it is necessary in the fi rst instance, to el-
evate the awareness of the populace through mass campaign, education and training 
programmes which, among other things, should highlight the use and advantage of 
involving women in the programmes, thereby securing the support of the community 
in question.

International support

The international community has been following closely and supporting activities 
geared to the use and development of water resources in Africa and more so to its 
implication on the nexus issues.

Regarding community water supply, the International Drinking Water Supply and 
Sanitation Decade (IDWSSD, 1981-1990), evolved a network of External Support 
Agencies (ESAs) with a Collaborative Council for the purpose of stimulating action 
in the sector. The Council brings together multilateral and bilateral agencies, banks, 
NGOs and members from developing countries. Of the water use sectors, those for 
industrial and energy purposes are the ones that attract most external support for de-
velopment from commercially backed sources. Other development aspects, such as 
drinking water and agriculture, are generally subordinated to the other sectors.

A vital area in Africa where assistance is most needed is in the domain of agriculture. 
For this sector an International Action Programme on Water and Sustainable Agri-
cultural Development (IAP-WASD), which proposes collaborative arrangements has 
been formulated by FAO in collaboration with other UN organizations.The initiative 
is to respond to the growing concern over the poor performance of the agriculture 
sector during the last 20 years in the developing countries.

The establishment of a collaborative mechanism to maintain close linkages by means 
of strengthening the capacity for the management of water resources through the na-
tional coordinating bodies (National Water Resources Centres) and the correspond-
ing regional and global arrangements and programmes in support of these efforts is 
central.

Within the United Nations system, global level co-ordination and co-operation is 
being maintained by the UN-Water/Global Group (formerly Administrative Coor-
dination Committee (ACC)) Subcommittee on Freshwater. The UN-Water/Global 
Group will continue its activities with a more dynamic force  within the context of 
the Johannesburg Plan of Implementation. Inter-agency efforts will be concentrated 
on agreed action programmes concerning water for sustainable agricultural develop-
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ment, water resources assessment, water quality, human resources development, and 
water resources management, based on the outcomes of the regional assessments 
carried out for the formulation of the proposed strategy into the 21st century. In fact, 
all agencies have committed themselves to assisting African countries in their de-
velopment programmes for water, environment, health, agriculture and biodiversity 
(WEHAB).

At the country level, the main issue relating to partnership is the problem of coor-
dination and control of the infl ow of technical and fi nancial assistance. In order to 
regularize situations, it is recommended that:

a) All external assistance for partnership programmes be channeled through 
governments’ normal budget and reporting system. Donors/partners should 
also make every effort to provide the requested information to governments 
in a timely, complete and accurate manner; 

b) Governments should undertake a review of monitoring and evaluation of 
their on-going technical assistance programmes and projects for the pur-
poses of accountability and cost effectiveness and to determine whether 
those could be realized within own resources; 

c) Governments should strengthen their capacities on the basis of their as-
sessed needs and priorities and take concrete action in terms of training, 
fi nancial and equipment requirements; and

d) A rigorous follow-up of technical and fi nancial assistance should be under-
taken through an established coordinating mechanism.

Human settlements

With regards to human settlements, a sustainable development policy on water 
should include:

• The promotion of a wide range of technologies that are both affordable and 
easy to maintain; 

• The establishment of community managed water facilities with due 
emphasis on gender-focused consultation and involvement in planning, 
implementing, operating and maintaining facilities; 

• The need for governments to work as enablers and facilitators of services 
provision, in close partnership with NGOs, private sector and community 
organizations; 

• The wide use of information, education and communication strategies to 
maximize the benefi ts of basic services; 

• The improvement of methods of recovering the cost of service facilities 
through appropriate revenue-generation mechanisms; and 

• Ensuring the co-ordination of water supply planning with overall human 
settlements planning as well as with overall economic development plan-
ning. 
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Access to reliable data

Effective water resources assessment and management are not possible without ad-
equate information, including hydrologic information, water-use and quality data, 
demographic data, forestry and land management, and the capacity to assess the 
data. There is, therefore, a need for nationally and internationally agreed-upon and 
harmonized information systems that provide data needed for decision-making, as 
well as common ways of analyzing the information.

Ideally, the river basin or watershed should constitute the geographical unit for data 
collection and analysis. Even though some countries have hydrologic data available, 
usually on the river basin level, almost no country has socio-economic data sorted at 
a comparable level.

Despite problems in fi nding resources for data gathering, there have been some en-
couraging signs. As part of the Southern African Development Community (SADC) 
protocol on water resources, there was agreement between member States to create a 
water sector dealing with integrated water planning and development of shared river 
basins.

Policy options

Low-income countries with low water stress

Countries endowed with land and water resources may have the opportunity to in-
crease agricultural production and exports in the world market from either irrigated 
or rain-fed agriculture.

For those countries with relative water scarcity and high levels of evaporation, ag-
ricultural production is possibly best directed into high-value, low water-intensive 
products. Some poor countries lack adequate access to what little water they have, 
and development assistance could help them in using that water wisely. Countries are 
urged to give high priority to investment for waste-water treatment and reuse, and to 
formulate and implement pollution monitoring and control policies as preventive and 
complementary measures to water supply policies.

Low-income countries with high water stress

Water resources will become a major limiting factor for socio-economic devel-
opment unless early measures are taken towards restructuring production and 
consumption patterns away from the wasteful and low-value, water-intensive 
uses. Achieving sustainable use of water resources for most countries in this cat-
egory will require that per capita water use decreases as population increases.
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Countries are urged to give highest priority to the formulation of economic 
and regulatory measures designed to increase irrigation effi ciency and opti-
mize water allocation among various uses. Countries should increase waste-
water treatment and reuse, and should control pollution from agricultural 
chemicals through land management and integrated pest management measures.

These countries may need to adopt the following strategies:

• Develop educational and information infrastructure necessary to improve 
the skills of the labour force required for the industrial transformation that 
needs to take place; the case of Mauritius can serve as an example in this 
regard; and

• Shift to high-value, less water-intensive crops, and develop the associated 
agricultural industries to process more of the products, thus raising the 
value-added components in their countries. 
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Agricultural Land and Water Management for 
Poverty Reduction and Economic Growth in Sub-

Saharan Africa:  Setting the Research Agenda

Hilmy Sally, Arlene Inocencio, Douglas Merrey

Introduction

According to projections by the International Food Policy Research Institute (IF-
PRI), it is unlikely that the 1996 World Food Summit goal of halving the number 
of food-insecure people from 800 million in 1995 to 400 million in 2015 will be 
achieved before 2030. South Asia and sub-Saharan Africa (SSA) are the regions 
worst affected by food insecurity and malnutrition, being home to 60 per cent of the 
world’s food-insecure people and 75 per cent of its malnourished children. Consid-
erable progress has been made to improve agricultural productivity and production 
over the past 30 years, especially in Asia. Per capita cereal production and availabil-
ity of food have increased, production costs and basic food prices have decreased 
and income levels and living standards have grown. Such advances came about in 
Asia as a result of better crop varieties and agricultural practices, water-resources 
development, better access to irrigation, fertilizer and other inputs, and improved 
policies and institutions. Sub-Saharan Africa is the only region in the world where 
per capita food production has declined over the past two decades. Food production 
has grown by less than 2 per cent annually, compared to population growth of 3 per 
cent (Benneh, 1996).

This paper discusses how innovative options in agricultural water use can contribute 
to alleviating food insecurity and poverty in SSA in a sustainable way, and proceeds 
to identify issues and concerns requiring research in the area of water and land man-
agement.

Poverty in sub-Saharan Africa 

Sub-Saharan Africa’s 620 million inhabitants constitute about one tenth of the 
world’s population but comprise a quarter of the 1.2 billion people in the world who 
live on one US dollar or less per day. The income-poor, who suffer from inadequate 
standards of nutrition, shelter, and personal amenities, make up close to half the pop-
ulation. The UNDP Human Development Report (2003) reports that SSA countries 
are among the world’s poorest based on the human poverty index (HPI), a measure 
of human deprivation based on life expectancy, adult literacy, access to water source 
and degree of child malnutrition. In terms of income poverty, over 70 per cent of the 
population of Uganda, Ethiopia, Mali and Nigeria are below the $ US 1 a day level. If 
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the $ US 2 per day income is considered as the threshold, the poverty picture worsens 
with 16 su-Saharan African countries having more than 70 per cent of their popula-
tion below the poverty line.  Poverty in the region is primarily a rural phenomenon. 
Seventy per cent of the poor live in rural areas, where agriculture is their mainstay. 
For example, it is estimated that in Eastern and Southern Africa, crops constitute 61 
per cent of total agricultural production, livestock 36 per cent, and fi sheries about 2.5 
per cent (IFAD 2001a:16). 

Three-quarters of the 42 million people in the world affected by HIV/AIDS are 
Africans (Economist 2003), with the highest incidence in Southern Africa. In Bo-
tswana, the life expectancy would have risen to 70 years in the next decade without 
HIV/AIDS. Now, with the prevalence of the disease, it has declined to 40 years 
(ADB, 2002: 38). Women between 15 and 30 years old are twice as likely as men to 
contract HIV/AIDS. This has already led to large falls in female/male ratios (IFAD, 
2001b: 32). Unfortunately, poverty contributes to the spread of HIV/AIDS, which 
in turn adversely affects the availability of labor and agricultural productivity, thus 
engendering a vicious spiral of deepening poverty. The disease also demands huge 
fi nancial and human resources for the care of the sick and the orphaned. Malaria 
and tuberculosis are other examples of poverty-related diseases that prevail in sub-
Saharan Africa; where malaria results in a death toll of 1.5 million persons per year, 
which represents 90 per cent of the total casualties in the world. 

As poverty is multi-faceted, poverty reduction strategies must also be multi-faceted. 
Small improvements in the range of dimensions of well-being tend to be more effec-
tive than big changes in one dimension only. In the past decade, smallholder agricul-
ture has increasingly been identifi ed in mainstream development debates as a major 
cause of, and potential solution for, poverty reduction and economic growth (Jazairy 
et al., 1992; DFID, 2002). This is most relevant in the context of this paper. Without 
denying the importance of other aspects of poverty and poverty processes in sub-Sa-
haran Africa, the remainder of this paper focuses on smallholder agriculture, poverty, 
and growth.

Water issues facing sub-Saharan Africa

IWMI’s research on water scarcity and its relationship to food security (Seckler et 
al., 1998) shows that all countries in Africa are projected to be either physically or 
economically water scarce in 2025. Countries that are physically water scarce, like 
South Africa and several North African countries, may not have adequate water 
resources to meet their projected water needs in 2025. Economically water-scarce 
countries potentially have enough water resources to meet their future needs, but 
their fi nancial situation may not allow them to make the additional investments to 
actually develop and use these resources. A recent analysis using IWMI’s Policy 
Dialogue (or ‘Podium’) model presents a more optimistic picture of the water and 
food nexus in South Africa, suggesting that ‘absolute scarcity’ is unlikely (Kamara 
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and Sally 2003). However, country-level situations and scenarios mask signifi cant 
differences within countries, both temporally and spatially. Some sub-Saharan Afri-
can countries have regions and river basins that already face serious physical water 
scarcity. An example is the Ewaso Ng’iro North Basin in Kenya (Gichuki 2002). 

The existence of large disparities in freshwater withdrawals among the regions of the 
world is clearly shown in Table 1. The proportion of water abstracted by the agricul-
ture sector is highest in less-developed regions in general and sub-Saharan Africa in 
particular. The table also shows that per capita abstractions in developed countries 
are substantially higher than in developing countries, and lowest in Africa. These 
low levels of water withdrawals underline the opportunity for further development 
of water resources in the continent.

Table 1. Annual Freshwater Withdrawals by Sector and Region

Region Average Annual 
Internal Renewable 

Water Resources (m3/
capita) 2000

           Annual freshwater withdrawals

Per capita 
(m3)

Agriculture 
(%)

Industry (%) Domestic (%)

Europe 3,981 704 39 45 14

North America 21,583 1,907 25 66 8

South America 34,791 518 71 11 17

Asia 3,668 627 81 9 7

Africa 5,159 307 85 6 9

SSA - - 87 4 9

World 7,045 664 70 22 8

Sources: UNDP et al. 2000; World Bank 2000; FAO 1995.

Table 2 below provides an overview of water issues confronting sub-Saharan Africa.

With rapidly growing urban populations estimated at 34 per cent in 1999 compared 
to only 23 per cent in 1980 (World Bank 2000), reduced water allocation for agricul-
ture may aggravate the problem of food security in SSA. In their “business as usual 
scenario,” IWMI and IFPRI project an import requirement of 35 million metric tons 
for SSA by 2025 (Rosegrant et al. 2002), compared to 9 million metric tons in 1990. 
The Forum for Agricultural Research in Africa (FARA) and the New Partnership for 
Africa’s Development (NEPAD) have called for a 6 per cent annual growth in agri-
cultural output if SSA is to achieve food security by 2015. Agricultural intensifi ca-
tion, requiring effective and effi cient use of land and water, will be a critical factor 
in achieving this target. FAO (2000) estimates that about 75 per cent of the  growth 
required by 2030 in SSA will have to come from yield increases (62%) and higher 
crop intensities (13%) while the expansion of arable land is expected to contribute 
the balance 25 per cent.
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Table 2. Summary of Water Issues Facing sub-Saharan Africa

Limited rainfall 
and droughts

Mean annual rainfall over the African continent is 725 mm. The internally renewable water 
resources in semi-arid areas of Africa is low and the potential contribution of water transfer is 
limited since very few areas receive more than 1 000 mm. Much of the rainfall is high intensity 
of short duration with a high temporal variation and unpredictability.
Droughts periodically effect different parts of semi-arid areas and often come in runs of two to 
fi ve seasons. Crop failures every fi fth year are a reality, and the risks of yield reductions due to 
water constraints are high every second year. 

Irrigation Of the water diverted for human use in sub-Saharan Africa 87 % goes to agriculture. Arid 
regions where irrigation plays an important role, have the highest level of water withdrawal for 
agriculture. Out of a total area of 212 million ha under cultivation in sub-Saharan Africa, an 
estimated 5.1 million ha (2.4 %) is under irrigation, but this supplies 10 % of the agricultural 
production.

Over-use 
in upper 
catchments

Over-use of water by upstream users is signifi cantly reducing dry season river fl ows in many 
rivers in Africa and is predicted to get worse in the future. The resulting reduction in surface 
water fl ows has major implications for future surface and ground water availability, for the cost 
of development, and for management responses in semi-arid areas.

Waterlogging and 
salinisation

Continental level analysis shows that approximately 40–60 % of irrigation water is lost 
through seepage and evaporation. The seepage loss contributes to serious soil salinisation 
and waterlogging problems. The lower Limpopo in Mozambique is experiencing serious salt 
problems.

Water pollution Poor agricultural water management practices are the major source of water pollution. Poor 
agricultural land use and management are blamed for high levels of eutrophication due to 
increased deposition of nitrogen and phosphorous into water bodies. Modifi cation of riverine 
ecosystems, particularly wetlands that are performing some natural purifi cation functions, have 
been particularly noted.

Groundwater Development of groundwater in semi-arid areas is constrained by the limited aquifer capacity 
and water yield from neighboring humid areas. Pollution and over-exploitation of groundwater 
is a serious problem in some localized areas.

Source: IPTRID-GRID 2003.

Setting the research agenda

There are tremendous opportunities to apply both African-grown and African-
adapted technologies to improve land and water management, increase access to 
water for poor people and boost agricultural output. Smallholder agriculture has the 
potential to spearhead pro-poor ‘trickle-up’ growth because of several synergistic 
effects including: 

(a) Increased productivity increases wealth; 
(b) Intensifi cation by small farmers raises the demand for wage labor more 
than by larger farmers; 
(c) Intensifi cation drives rural non-farm enterprise and employment; and 
(d) Alleviation of rural poverty is likely to lower urban poverty. 

This requires getting out of the groove of scientifi c ‘business as usual’ and adopting 
more open and innovative ways of seeking solutions within an integrated, holistic 
approach to land and water resources management if scientifi c research is to make 
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meaningful contributions to improving African agriculture and natural resources 
management. Therefore the following key hypotheses are proposed (IWMI 2003): 

1. Investments in agricultural water use can yield high economic returns and 
benefi t large numbers of people given the relatively high multiplier effects, provided 
that the right prices and market conditions prevail.

As the focus of public sector investment projects broadens from increasing agricultural 
production to generating wider economic benefi ts such as poverty reduction, employ-
ment creation and income generation, it is necessary to understand both the direct and 
indirect impacts through forward and backward linkages, increased local demand for 
goods and services, and output markets, of agricultural water use projects; their im-
pacts at different levels (household, community, economy); and how their benefi ts are 
distributed among different sectors of society. Improved production will translate into 
enhanced incomes and livelihoods if there are good markets for products. Identifying 
and implementing appropriate policies will require addressing issues such as striking a 
balance between liberalization, globalization, and international agreements on the one 
hand, and competitiveness, tariffs and protection on the other. 

2. Poverty reduction and economic growth can be achieved through judicious 
investments in both irrigation expansion and irrigation improvement.

Irrigation schemes, especially in sub-Saharan Africa, have been ‘indicted’ on ac-
count of their relatively high costs and disappointing results. But irrigation schemes 
can be appropriate under specifi c conditions such as:

(a) Arid or semi-arid climate; 
(b) Adequate and reliable water supply that can be accessed cost-effectively; 
(c) Large fl at areas of good well-drained soils; 
(d) Suffi cient population density to enable labor-intensive agriculture and   
create demand for produce; and 
(e) Appropriate policies and supporting institutions. 

There needs to be clear demarcation of roles and responsibilities between the differ-
ent participants (government, individual farmers, farmer organizations, private sec-
tor), and there should be no ambiguities about the ownership of assets. Irrigation is a 
good example of a technology that requires a holistic approach. The absence of such 
an approach is one reason for the disappointing results and failures encountered.  
There is evidence from Asia that projects which include an action research compo-
nent often achieve far higher returns (Merrey, 1997).

3. Water access for irrigation using affordable small-scale individualized tech-
nologies can make a dramatic contribution to household food security and poten-
tially enhance market production and access to inputs, thereby allowing farmers to 
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jump over the poverty line. In locations with market opportunities, water access is of 
even higher initial importance than nutrient access.

Crossing over the poverty line is signifi cantly tied to market access. If there is water 
access but no demand or fair prices paid for produce, the returns will not allow a 
farmer to make further investments. But even in the absence of market opportunities, 
inexpensive small-scale individualized technologies can still enable households to 
use small amounts of water to grow vegetables, provide water for livestock, or for 
supplementary irrigation of food grains, thus contributing to household food secu-
rity. Market links, support services, and supportive policies are key constraints that 
can be addressed through the combined efforts of government, the private sector and 
NGOs. Quite often, the problem is not a lack of technologies but is related to poor 
mechanisms for promoting awareness, uptake and adoption.  The hypothesis is that 
such small-scale technologies offer a tremendous opportunity to help women farm-
ers feed their families, thereby reducing poverty and preventing malnutrition.

4. The problems of nutrient depletion and degradation in production areas for 
urban consumption and waste accumulation in urban areas can be reversed through 
the recycling of nutrients in waste and wastewater.

Some key problems identifi ed in sub-Saharan Africa include low soil fertility, soil 
degradation and environmental pollution. Export of plant nutrients in food and farm 
products carries large amounts of nutrients to population centers. After consumption, 
however, the nutrients are still present in many forms of waste, and are often simply 
discarded. Urban and peri-urban agriculture can play a key role in reducing these 
problems simultaneously and, so, need to be encouraged. Research on how to reduce 
the health risks related to the use of urban wastewater for crop production at farm, 
market and household levels, will allow irrigated urban and peri-urban agriculture to 
contribute to improved livelihoods and urban diets.

5. The wise and sustainable use of natural resources and functions provided by 
wetlands offer an important opportunity to ensure the food and environmental secu-
rity of signifi cant numbers of rural poor. 

Wetlands sustain people’s livelihoods through the provision of food, fi ber, employ-
ment, medicine and cultural values and also support biodiversity, contribute to rec-
reational activities, fi lter biodegradable wastes, regulate hydrological fl ow regimes, 
and control atmospheric gases through carbon sequestration. A major challenge is 
how to increase the agricultural utilization of wetlands without adversely affecting 
other benefi cial functions. A sound wetlands knowledge base, encompassing their 
technical, social, ecological and political dimensions, has to be established, based on 
which decision-support tools for effective and equitable management of sub-Saharan 
Africa wetlands could be developed. Sustainable use of wetlands can make an im-
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portant contribution to poverty reduction throughout the region, but unwise use may 
lead to irreversible damage to ecosystems.

6. Signifi cant scaling up of water collection, lifting and application technologies 
for agriculture in the upper and middle catchments of river basins can have major 
implications for other uses and users downstream, especially wetlands.

There are many opportunities to achieve high levels of water productivity per drop of 
water consumed using these technologies. However, there are limits beyond which 
such technologies have signifi cant downstream impacts, and these must be ascer-
tained through fi eld research and appropriate modeling and simulation tools.

7. Accounting for the needs of victims of the HIV/AIDS pandemic when promot-
ing technological and institutional innovations will result in better quality of life for 
them, their households, and society in general.

Some HIV/AIDS-related problems that arise in the agriculture sector are reduced 
availability of labor, diminished labor productivity, decay of property rights and 
inheritance systems, and undermining of the role that women play in agriculture. 
Improving the access of HIV/AIDS affected households to water for both domestic 
and productive uses, and the promotion of labor saving agricultural technologies and 
management practices among them will result in signifi cant benefi ts in their nutrition 
status.

8. Women farmers are more motivated to invest their labor and cash in improved 
soil and water conservation if their intra-household rights to land and benefi ts, and 
their own access to credits, markets, and inputs are better secured. 

It is widely recognized that women in sub-Saharan Africa play a pivotal role in agri-
culture by providing labor to family fi elds and also as managers of their own fi elds. 
However, lack of secure access to land and limited access to credits, inputs, and mar-
kets, especially among young women, discourage them more than male farmers from 
making the investments required for better soil fertility, water conservation, higher 
yields, and better incomes for themselves and their dependents. There is evidence that 
women are often the losers when such opportunities arise as men exploit their advan-
tages (Wooten, 2003). Relatively simple, cost-effective training, outreach, and enforce-
able commercial, legal, and policy measures have to be devised to allow the private and 
public sectors to better tap into women’s agricultural investment potential.

9. Developing and implementing effective strategies, policies and mechanisms to 
help poor people cope with risks and uncertainty associated with climate variability 
will help improve their livelihoods. 
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The focus here is to provide guidance on how to reduce poor people’s vulnerability 
to climate variability, especially ‘water risk’ associated with both fl oods and droughts 
(agricultural and meteorological). This would involve analysis and characterization 
of climate variability, understanding its linkages with land and water management 
and the impact on livelihoods. Opportunities and options for resilience-building and 
coping mechanisms must be better understood (Rockström, 2003). Strategies already 
in place for the assessment, prediction, monitoring and mitigation of climatic shocks 
will have to be evaluated, gaps identifi ed and improvements proposed. Coping mech-
anisms are scale-dependent and will vary from individual households to local com-
munities to catchments, as well as from national to international scales. Variability 
in rainfall, a major handicap, can often be buffered by supplementary supplies from 
surface or groundwater. Rockström & Falkenmark (2000) have shown that dry spell 
and drought mitigation using (sub-) surface water resources can lead to doubling of 
on-farm yields in drought-prone ecosystems. The potential for joint use of multiple 
water sources (rain, ponds, rivers, piped water, groundwater) and multiple water uses 
(domestic, livestock, vegetable gardens) must also be better exploited. 

Conclusions

Sub-Saharan Africa is the only region in the world where per capita food production 
has declined over the past two decades. Feeding its growing population, providing op-
portunities to escape poverty, and achieving food security and economic growth pres-
ent formidable challenges. Low productivity of agriculture and strong dependence 
on limited and highly variable rainfall in arid and semi-arid areas render poor people 
extremely vulnerable to risk. Intensifying smallholder agriculture by improving the 
management and productivity of land and water in a sustainable way offers a solution 
for both poverty reduction and agricultural growth in sub-Saharan Africa.

This paper has reviewed issues related to water and poverty in sub-Saharan Africa 
and has suggested a possible research agenda (including bio-physical, institutional, 
socio-economic, and policy dimensions) with a view to identifying and enabling 
the adoption of cost-effective, productive and environmentally sustainable land and 
water management innovations. While access to a reliable and suffi cient water sup-
ply is a pre-requisite to sustain agriculture in many parts of sub-Saharan Africa, the 
paper also draws attention to the critical role of market development and information 
supply to farmers.
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Resolving water use confl icts through stakeholder 
participation: Issues and examples from the 

Steelpoort Basin in South Africa 

Hervé Lévite, Nicolas  Faysse and  Florence Ardorino,

Introduction

An ambitious reform of the water resources sector is on-going in South Africa. The 
cornerstone of this reform is the 1998 National Water Act (NWA), which affi rms that 
water is now a common good and the State is the custodian of this scarce natural 
resource. In the future, water will be 
allocated by taking into account three 
principles: equity, effi ciency (or ben-
efi cial use) and sustainability (NWA, 
1998). In short, water should become 
an instrument of progress and social 
development (Schreiner and Van Kop-
pen, 2002).  The National Water Act 
makes provision for decentralization 
in the management of water resources. 
At the local level,  the day-to-day man-
agement of irrigation schemes will be 
achieved by Water User Associations. 
At a broader level, a Catchment Management Agency (CMA) will be established in 
each of the 19 Water Management Areas of South Africa. CMA will defi ne a strategy 
to manage the Basin and will organize the funding of water resource management 
activities. One of the specifi c functions of CMA is confl ict resolution.

This paper describes issues pertaining to the initial stages of the implementation of 
this process. Particular attention is given to the eventual goal of using the new water 
organizations as a means of solving water-related confl icts. The research focused on 
the Steelpoort River Basin, which is a catchment of the Olifants River Basin (Figure 
1). In this Basin, water resources are heavily exploited and it is anticipated that a 
future increase in water use will lead to more problems vis-à-vis water quantity, wa-
ter quality and possibly degradation of the environment. Current dialogue between 
stakeholders is very limited and only a minority of stakeholders are involved.

Figure 1. Steelpoort and Olifants Basins 
in South Africa



31

Pilot Edition

This paper also describes the water resource situation and the water use in the Basin. 
The current tensions and confl icts over water use are presented and a brief analysis of 
the elements required to facilitate negotiation between stakeholders is given. In ad-
dition, some key elements of the process of water management reform are presented 
and important issues that will have to be dealt with to achieve this reform within the 
Steelpoort River Basin are discussed.

A Basin under mounting pressure

Resources but insuffi cient storage 

The Steelpoort River Basin covers 7200 km2, which represents 13 % of the Olifants 
Catchment. The altitude ranges from 1500 to 2400 m above sea level. Mean annual 
rainfall varies between 630 mm and 1000 mm, mainly in the form of summer thun-
dershowers (occurring between October and March). Annual potential evaporation is 
of the order of 2000 mm. About 350,000 people live in the Catchment. 70% of them 

are located in the former 
Lebowa homeland ( a 
tribal “homeland” estab-
lished under the apartheid 
regime), which represents 
less than 20% of the total 
Basin area (Figure 3). 
The mean annual rainfall 
is greater than many other 
subcatchments of the 
Olifants River Basin; in 
terms of water resource, 
the Steelpoort River is 
relatively well-endowed.  
The mean annual runoff 
is 400 Million Cubic 
Meters (MCM) but expe-
riences huge inter-annual 
differences (100 to 800 
MCM) as well as intra-
annual variations. The 

fl ow usually peaks in January, in the middle of the wet season, and is at a minimum 
from June to September. Periods of zero fl ow have been observed in the past (Depart-
ment of Water Affairs and Forestry (DWAF), 2003a). An important feature of this 
Basin is the absence of dams on the main stem of the river.   Some small dams have 
been built (7 impoundments of more than 1 MCM), but the total capacity of storage 
remains limited (22 MCM). A recently completed pipeline enables the transfer of 28 
MCM/yr from the Olifants River.

Figure 2. Evolution of the demand according to different 
sources (DWAF 1991 for the 1987 fi gure, BKS 2002 for 1995 

and 2010 fi gures, Registration 2003).
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Growing demand

There are many diverse water users in the Basin.  In priority, according to the new 
dispensation (DWAF, 2002),  water will be allocated to the so-called   “Reserve” , 
representing  the  quantity of water required  to:

(a) Satisfy basic human needs for all people (minimum of 25 litres per person 
and per day); and 
(b) Protect aquatic ecosystems in order to secure ecologically sustainable de
velopment (defi ned as the Ecological Reserve). 

The Ecological Reserve requires the safeguarding of fl ows within a river to maintain 
ecological integrity. In the Steelpoort Basin, it is estimated that this could represent up 
to 25 % of the mean annual runoff of the Basin (DWAF, 2002). 

Fourteen irrigation boards provide water for approximately 8000 hectares. These boards 
pump from the rivers, often dig pools in the beds of the rivers, and develop their own 
systems of storage. Agricultural use of water is constant and may be declining because 
of internal problems within the farms and the purchase of water by the mines (fi gure 
21). However, it remains the main water user with more than 50 % of the total abstrac-
tion.  Livestock is important, with around 200,000 units of livestock in the catchment; 
most livestock are dependent on boreholes for their water. Approximately fi fty mines 
are located in the Basin, which is of exceptional geological importance. They extract 
a wide range of minerals and deposits including chromium, vanadium, steel, coal, al-
luvial gold, magnesium, platinum, andalousite and granite (Stimie et al., 2001). Water 
is crucial for the extraction and processing of these minerals. The mines utilize both 
surface water and groundwater resources. It is estimated that approximately 30 % of 
their water requirement is obtained from boreholes.  Many industries, such as smelters, 
are also present in the Catchment (Stimie et al., 2001). Approximately 7000 hectares of 
commercial forestry are located in the Catchment. Because of the higher evaporation 
rates from exotic trees, this is classifi ed as an in-stream fl ow reduction activity (NWA 
1998). The domestic demand in the Catchment comprises an urban and a rural compo-
nent. The urban requirement comes from the few medium-size towns located close to 
the main river and the principal tributaries. The largest rural demand comes from the 
rural communities living in the north of the Basin. The latter still depend partly on sur-
face water for domestic purposes despite huge efforts from the Government to provide 
boreholes. In fi gure 2, rural demand is thus included in the Reserve.  

Different estimates of the water demand have derived over the years (DWAF 1991, 
DWAF/BKS/Consultburo 1999, DWAF/BKS 2002, DWAF 2002) and a new assess-
ment is currently underway (Water Situation Assessment Model, DWAF 2003a). 
This new evaluation will soon take declarations of water users into consideration. In-

1 Registration data is still temporary: the information given in fi gure 2 aims only at highlighting the 
apparent huge increase of the demand.
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deed, all users now have the obligation to declare their water use (location, purpose, 
quantity) through an ongoing registration process (RSA, 1998). Verifi cation of the 
fi gures given by users is in progress for the Olifants Basin. 

In summary, water demand is increasing and is predicted to increase further in the future. 
The building of a new dam is considered in order to enable this increase (DWAF 2002).

There is a dramatic expan-
sion of mining activity  
(e.g. platinum) within the 
catchment. The domestic 
demand is also increasing, 
with provision of potable 
water to all people a clear 
priority of the Government. 
In addition, according the to 
National Water Act of 1998, 
aquaculture is to be consid-
ered a new water user aside 
from the Ecologic Reserve.  
In the Steelpoort catchment, 
dozens of small ponds have 
been dug to allow trout fi sh-
ing and are hot spots for 
tourism on the road to the 
Kruger National Park. 

Currently, there is enough 
water to meet the demand 
for many years to come. 
However, because of the 
lack of water storage, short-

ages occur, sometimes for several months, during dry years. In the last 5 years, there 
has not been any water scarcity.  However, DWAF calculates that all currently avail-
able water will be allocated with the implementation of the Ecological Reserve. For 
this reason, DWAF has stopped granting new licences. However, the mines want to 
expand and have developed two strategies to circumvent the fact that no new licences 
are being granted. First, they purchase farmland and the water entitlements that the 
farm has. For example, in the Dwars River Valley (a tributary of Steelpoort River), a 
mine bought a farm some years ago and rented the land and the water to a commer-
cial farmer (Ardorino, 2002). The mine recently decided that it needed the water for 
its mining activities and so ordered the farmer to stop using water. Such purchases 
of water rights are accepted by DWAF, which simply imposes a decrease of 30% in 
the amount of water entitlement because of the shift in the level of delivery assur-

Figure 3. Sketch of the situation of the main water users 
(after Ardorino, 2002). 

The exact location of all users is not given here.
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ance. Second, the Platinum Mines developed a pipeline through the Lebalelo Water 
User Association, to transfer water from the Olifants River. This pipeline enables the 
transfer of 28 MCM per year and could be expanded in the future. Water was a limit-
ing factor for the Platinum development and the mines have waited for many years 
for approval of this scheme (SRK, 2002). Direct negotiations took place between 
DWAF and the mines in order to arrive at this solution (Farolfi  and Perret, 2002).

Poor water quality and uncertainty in its improvement 

From the middle of the Basin to its confl uence with the Olifants, the Steelpoort River 
is currently assessed as being in a “poor state” (class E) in terms of the condition of 
the aquatic ecosystem (DWAF/BKS, 1999). The class E state is “considered to be 
unsustainable and ecologically degrading with unacceptably high risks to habitat 
and biota”. Variables of concern are numerous: electro conductivity, total dissolved 
solids, sodium, chloride, silt (BKS, 2002) as well as heavy metals and a variety of 
toxins (DWAF-BKS, 1999).  According to the DWAF-BKS study, mines are the prin-
cipal source of water pollution. The issue of water quality is especially important 
because some inhabitants in the former homeland still use the Steelpoort River as the 
source of their domestic water (Water Services DWAF, 1998).

The monitoring and policing of the water quality situation by DWAF is hindered 
by insuffi cient allocation of resources for these activities (Ardorino, 2002).  The 
National Environmental Management Act (NEMA) requires potential polluters like 
the mines to develop an Environmental Management Plan with strict obligations 
concerning water protection. However, at the current time water quality monitor-
ing is very limited and in many instances DWAF has to trust the results of chemical 
analyses undertaken and presented by the mines.

In this context, quality objectives are set but without signifi cant hope that they will 
be attained in the short term. Because of the evaluation that any improvement in river 
health in the Basin would be diffi cult to attain in the near future, the ecological class 
of the whole Basin has been set at class D, medium ecological state. To reach level 
D will require dilution of pollutants.  In addition, a determination of Instream Flow 
Requirement (IFR) has been completed and a minimum fl ow for each month of the 
year is proposed at two locations of the Steelpoort River (IFR9 and IFR10). 

Challenges to the reform of water management

Many local tensions, but no integrating issue

Water users within the Basin perceive a wide range of problems2. These problems 
lead to tension; defi ned here as resentment induced within a water user by the activi-

2 This section is based on the initial work of Ardorino (2002) and De Krom (2003).
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ties of other water users. They can even lead to confl icts, where the affected user 
initiates a process ranging from voicing his/her complaint to the accused stakeholder 
(directly or in a public place) to the launch of a court case. 

There are some problems of externalities - users not getting the quantity or quality 
of water they are entitled to because of the actions of upstream users.  In relation to 
water quantity, commercial farmers, some black farmers and the mines situated in 
the downstream part of the Steelpoort River, complain about a lack of water in the 
dry season because of upstream users (mines and commercial farmers). In relation 
to water quality, DWAF accuses the upstream quarries for pouring nitrates (used in 
explosives) into the river. DWAF, as well as some small-scale farmers, think that the 
settlements upstream are polluting water because of the absence of suitable sewage 
systems and causing erosion which introduces silt into the river.  One rural commu-
nity is complaining that a nearby mine is polluting the air and that small particles are 
mixing with the water they drink. 

In addition to external problems, the communities in the former homeland also face 
internal problems relating to both drinking and agricultural water. They need both 
funds as well as institutional improvements to enable them better manage water 
resources.  Table 1 provides a summary of the tensions and confl icts between stake-
holders of the Basin.

Table 1. Existing Objects of Tension and Confl ict between Stakeholders 
(after Ardorino 2002)

Stakeholder Objects of tensions Against

Commercial farmers Competition for water Mines 

Pollution Mines

Water quality (silt), erosion Communities

Small-scale farmers Pollution Mines

Competition Mines

Environmentalists Overuse of wetlands Farmers

Pollution Mines

Mines Competition for water and land Commercial farmers
Communities

Forest industry Fees, water rights DWAF

Municipality Competition Mines

DWAF Nitrates Communities

Villagers Water quality Mines

Health problems Other villages
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However, though there are many water-related problems, overall there is no over-
arching issue that is suffi ciently pressing to motivate the different stakeholders to 
initiate discussion amongst themesleves, as has happened in other catchments in 
South Africa. For example, the water scarcity issue in Mlathuze Basin or the pollu-
tion issue in the Phalaborwa region. 

No history of dialogue between water users

In contrast to other Basins in South Africa, for example, the Kat River Forum, Mot-
teux 2001 or the Upper Mlazi River Forum, (Faysse and Gumbo, forthcoming); there 
is presently no formal forum for gathering all water users of the Steelpoort River 
Basin to discuss issues of common concern. However, two informal forums do exist. 
At the level of the whole Olifants River Basin, large-scale users have been meeting in 
the Olifants River Forum (ORF) for the past 10 years. But the activity of this forum 
decreased when DWAF decided that it could not be the basis for the future CMA. 
Second, the mines, in conjunction with the municipalities, created the Steelpoort 
Valley Producer Forum.  This was established to discuss development activities: 
water supply, waste treatment, housing and so on. 

There is no agreed procedure for settlement of water-related issues. When the ten-
sion reaches the point of an open confl ict, the users go to court. For example some 
farmers brought legal action against a mine which they accused of withdrawing too 
much water from boreholes close to the river. The community also accused a mine 
of polluting both the air and the water, claiming that the pollution led to diseases and 
deaths. In this case also, a court case is proceeding. In other words, there is no “so-
cial capital” . Therefore, the exchange of information  is between users and DWAF, 
not between the users themselves. Because of the absence of a process to resolve is-
sues of concern, DWAF often intervenes after denunciations come from water users 
anonymously. DWAF is largely considered by the water users as the main (even the 
only) decision-maker and so when something goes wrong, it is almost always the 
only organization solicited. Consequently, attempts to resolve disputes are under-
taken by the DWAF offi ces, which are located in Nelspruit and Pretoria, and so are a 
considerable distance from the Basin.

More importantly, water users do not have the same capacity to push their concerns 
forward. At one extreme, the Mpumalanga Park Board have just four agents to moni-
tor the state of the environment in the whole province. At the other, the mines want 
to grow and are pro-active in proposing solutions to increase their access to water re-
sources. They have suffi cient resources to fi nance their own studies and, sometimes, 
infrastructure, such as the Lebalelo Pipeline or the raising of dams.  

Finally, while black communities are facing problems of water shortage and pollu-
tion, their fi rst priority is securing the funds needed to operate their irrigation sys-
tems and water supply and sanitation networks. 
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A general lack of information and access to facts

With the exception of the members of the irrigation boards, the water users have no 
idea of the water consumption of other users. Consequently, during periods of scar-
city, no explicit discussion takes place over the co-management of water between 
upstream and downstream users. This situation creates frustration among the down-
stream users.

The current water quality monitoring covers many determinants, but there is no mon-
itoring of heavy metals concentration, which may be a serious source of pollution 
from the mines. Moreover, users are not aware of the results of quality assessments 
undertaken by the different Departments: DWAF, Mpumalanga Parks Board, and so 
on. This lack of information dissemination leads to a situation where users are only 
sensitive to visible pollution (silt in the river and fumes). There is no awareness of 
non-visible pollution like heavy metals, which is an important issue because some 
people in the rural communities still drink water from the river. The lack of aware-
ness also results in a lack of social pressure for more intensive monitoring.

Reform of the State’s monitoring of users’ activities

According to the NWA, the management of water resources by the planned CMA will 
have to be fi nanced by users. The fees will be levied at a rate which is fi xed by the 
level of assurance of water delivery.  Farmers will get an assurance of supply of 70 
%, compared to 95 % for the urban sector and 98 % for mining. Other users like the 
forestry industry will also be required to pay for their impact on downstream fl ows. 

The current reform of water management also aims to improve the information held 
by DWAF. The preliminary fi gures obtained from the registration in Steelpoort show 
an unexpectedly high number of users as well as much greater total demand than 
was previously assumed (see Figure 2).  However, it is suspected that many users 
have declared more than they actually require in order to secure their actual water 
requirement during dry periods. Conversely, some users may have under-declared 
their requirements because they are used to determined water charges from Decem-
ber 2002.  Although the present range of fees, from 0.015 to 0.02 R/m3 (depending 
on assurance of supply) seems small for large-scale users, many farmers are afraid 
that the rates will increase signifi cantly in the near future. A process to verify the 
information obtained in the registration is currently under way. However, it is likely 
to be time-consuming and diffi cult because this is the fi rst time South Africa has at-
tempted such a process at the national level.  In addition, DWAF is attempting to es-
tablish a more accurate system of water quality monitoring. In the future, monitoring 
points will be established both upstream and downstream of those locations where 
pollution is potentially most likely (e.g. mines). However, as seen earlier, DWAF is 
already receiving many water quality assessments made by laboratories on behalf of 
the mines and does not have enough human resources to verify them. 
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These processes will not only provide data as a basis for informed decision-making, 
but if made publicly available and disseminated, it will improve water user awareness 
on issues of concern. In 2002, the National Water Resource Strategy (DWAF, 2002) 
was presented in several meetings in all the Water Management Areas. However the 
analyses of the increased data will require more DWAF staff and the large-scale dis-
semination of the results has not been planned yet. The lack of staff capacity may be 
a problem since, during the discussions about a future CMA, large-scale users made 
clear their desire to bring down the organization’s costs as much as possible.

Finally, DWAF is also to attempting to integrate activities with other government 
departments. For example, the Environmental Management Programme required by 
both the Department of Mineral and Energy Affairs (DME, 1998) and the Depart-
ment of Environment and Tourism, prior to the opening of a mine, now also has to 
be accepted by DWAF.

Challenges in the establishment of the new water management organizations

The NWA proposes the establishment of Catchment Management Committees 
(CMCs) in sub-catchments of the Water Management Area. For example, there 
should be fi ve CMCs in the Olifants River Basin, one of them being for the Steel-
poort River Basin. Therefore, in the long term, it is envisaged that users will partici-
pate in the management of the WUAs, the CMA and CMCs. DWAF is preparing for 
this evolution in water management structures and has recently started decentralizing 
its offi ces to the water management areas. To this end two offi ces have been estab-
lished in Groblersdal and Hoedspruit for the Olifants River. 

In the Steelpoort River Basin, it is currently diffi cult to get the users to participate in 
the CMC and the CMA, because:

a) Issues that are of concern to all users are not integrated.;
b) Stakeholders, traditionally, do not participate; and
c) There is widespread lack of knowledge of the existence and the process of 

creation of a CMA.

However, the overall growth in water demand and the need to cater for the Ecologi-
cal Reserve will soon make more explicit the need for improved water management 
in the Steelpoort Basin. While large-scale users will eventually join the discussion, 
the communities in the former homeland will need to be encouraged to participate 
because their perception is that internal and fi nancial problems are currently more 
imperative than problems arising from externalities. 
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Conclusion

In South Africa, DWAF has embarked on an ambitious programme to reform the 
water sector, the long-term goal of which is clear and in line with the best contem-
porary management practices worldwide. As a result, the Steelpoort River Basin is 
undergoing a transformation of its water management, which accompanies the fast 
transformation of the water use. The fi rst element of the water reform relates to im-
provements in the knowledge of the system and monitoring of water use. The second 
component comprises the establishment of user-driven water management organiza-
tions.  This paper identifi ed a number of constraints that are likely to hamper the 
implementation of the reform. For the fi rst component, the constraints are a lack of 
information on water quality and insuffi cient resources to do the necessary monitor-
ing. The constraints pertaining to the second component are:

a) The absence of any integrating issues;
b) Stakeholders lack access to infomation on the water resource;
c) A lack of tradition of communication among the diverse users; and 
d) A lack of overlap between water resource management issues at the catch-

ment level and small-scale users’ priorities, which are primarily focused on 
obtaining funds for the development and operation of water schemes.

Experience in other Basins can provide indicators of approaches to address these 
constraints. In the Mlazi River Basin in KwaZulu-Natal, several organizations (an 
irrigation board, a company distributing drinking water, the local Park Boards) have 
come together to undertake a biological assessment of water quality of the river. The 
outcomes are published in a quarterly newsletter. This publication helps raise aware-
ness of water issues and, by explicitly naming polluters, provides incentives for the 
former to address the problems (Faysse and Gumbo, forthcoming). In France, the 
Government provides funds to assist stakeholders in initiating a programme of ac-
tion related to water management. Through this programme, users are informed and 
work together to facilitate the establishment of more formalized local water resource 
management organizations (Faysse, 1998).

In order to achieve small-scale users’ involvement, the current CMA proposal for 
the Olifants Basin plans to set up small-scale user forums at the local level (DWAF, 
2003b). These forums will be successful if they succeed in helping the small-scale 
users interact with large organizations (e.g. DWAF) or if some funds are provided 
to secure clear, short-term benefi ts. For instance, in the Kat River Valley in Eastern 
Cape, a programme to fi ght erosion is managed by a local catchment forum: its pres-
ence as a supplier of employment is a key reason for the perceived success of the 
forum among local communities (Smit, 2003). In the upper part of the Mlazi Catch-
ment, a programme to remove alien plants plays the same role for the Upper Mlazi 
Catchment Forum (Faysse and Gumbo, forthcoming).
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Finally, DWAF currently authorizes the trade of water rights from the farms to the 
mines on a small-scale basis. However, there will soon be a need to decide whether 
the mines should be given priority or whether some farming activities should be 
retained. In a region fast becoming an industrial area, the political choice will be dif-
fi cult. On a broader scale (the Olifants and Limpopo Basins, which are transbound-
ary catchments), development options are numerous. Tools such as Decision Support 
Systems, that take into account multiple criteria (i.e. ecological, economical, social), 
will probably have to be developed.    
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Domestic Water Quality in Urban Centres in 
Cameroon: a Case Study of Dschang in the West 

Province

Katte V.Y., Fonteh M.F.. and  Guemuh G.N.

Introduction

In the year 2000, the United Nations established the Millennium Development 
Goals (MDGs) for the reduction of poverty, hunger, child and maternal mortality, 
incidence of major diseases and for improved environmental stability by the year 
2015 (UNESCO, 2003).  Achieving these goals requires sustainable economic and 
social development in developing countries. However, UNESCO (2003) also notes 
that most of the constraints to development are increasingly tied to water.  Although 
only one of the MDGs directly relates to water, improved water management can 
make signifi cant contributions to achieving most of the other goals. Inadequate sup-
ply of water has therefore been identifi ed as one of the central causes of poverty in 
developing countries as it affects their basic needs, health, food security and basic 
livelihoods.  Much of sustainable development therefore focuses on getting people 
out of poverty, while improved access to adequate and safe water has been shown to 
make a major contribution towards poverty alleviation.  In its 2000 World Develop-
ment Report, the World Bank defi nes key elements of poverty as: 

• Inability to satisfy basic needs; 
• Lack of control over resources; 
• Lack of education and skills; 
• Poor health; 
• Malnutrition; 
• Lack of shelter; 
• Lack of access to water supply and sanitation; 
• Lack of political freedom and voice; and 
• Vulnerability to shocks like natural disasters and trends like environmental 

degradation.

Water resource management in Cameroon is a severe constraint to poverty alleviation 
and sustainable development.  This is because signifi cant sections of the population 
suffer from debilitating water-related diseases, mainly due to poor management rath-
er than actual water shortage.  The Department on Statistics of National Accounts
(DSNA) and the United Nations Children’s Fund (UNICEF) (2001) reported that 
in the year 2000, about 45% of Cameroonians, about seven million persons, did not 
have access to adequate drinking water. This is a striking statistic for a country en-
dowed with abundant freshwater resources estimated at about 18,536 m3 per capita 
per year (Fonteh, 2003).  The situation is worse in rural areas where six out of ten 
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persons do not have access to potable water, and are forced to rely on any water they 
can fi nd.  There are about 300 urban centres with a population of more than 5,000 
persons in Cameroon, but the National Water Corporation (SNEC) has a water sup-
ply network in only 98 of these towns (Djeuda-Tchapnga et al., 2001).  Even in areas 
with a network, extensions of the network do not follow the rate of urbanization and 
hence many peri-urban areas are unserved.  In many towns served by SNEC, inter-
ruptions in supply are common because the supply does not meet the demand.  

About 3.8 million Cameroonians, (almost a quarter of the population) lack access 
to adequate sanitation (DSNA & UNICEF, 2001).  Hence, pollution from domes-
tic sources is a problem that endangers the water supply, especially in urban areas.  
None of the major cities in Cameroon has a central sewage treatment plant and the 
few plants that have been constructed for some housing estates have all been aban-
doned, thereby allowing untreated sewage to fl ow into the environment (Aka, 2002; 
Agendia et al., 1994).  Even very polluted, untreated wastewater from hospitals fl ows 
into nearby streams where the population uses the water for domestic and agricul-
tural purposes (Feujio, 2002; Tchinda, 2002). Pollution from industrial/commercial 
sources and agro-chemicals is also on the increase because the enforcement of pol-
lution laws is ineffective.  Some industries discharge effl uents containing pollut-
ants ten to hundreds of times the World Health Organization (WHO) norm into the 
environment without treatment (Fonteh, 2002).  The depletion of water resources 
through pollution is consistent with the fi ndings of the United Nations Economic 
Commission for Africa (UNECA) et al., (2000) as one of the major problems of 
water management in Africa.

Fonteh (2003) estimates that water-related diseases account for about two-thirds of 
all recorded diseases in Cameroon and are responsible for about 50 % of the reported 
cases of death.  In the year 2000 about 15 % of children died before the age of fi ve 
mainly due to water-related diseases.  This proportion is up from the level of 12.6 % 
in 1991.  Instead of improving, the health situation of children has deteriorated dur-
ing the last decade.  This is possibly due to the deteriorating quality of water result-
ing from increasing pollution.

Studies from various parts of the country indicate that many water sources used for 
various domestic needs have alarming levels of microbiological pollution (Nang-
Nang, 2002; Halleson, 2003; Mbida-Mbida, 2003; Ngamo, 2003).  This is especially 
evident in built up areas where water from springs and shallow wells used without 
treatment are often polluted by nearby latrines, septic tanks and polluted surface 
water.  Assessment of freshwater resources including the identifi cation of the poten-
tial of sources, their extent, dependability and quality, a prerequisite for sustainable 
water resources management, has not been systematically carried out in Cameroon.  
The extent of the severity of pollution on water supplies is not yet fully appreciated.
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The aim of this study is therefore to assess the quality of water in an urban centre 
so that measures can be taken to reduce the incidence of water-related diseases and 
in turn reduce the under-fi ve mortality rate.  The specifi c objective is to determine 
the physico-chemical and bacteriological quality of the various water sources used 
by the population for potable purposes, so as to highlight the severity of contamina-
tion. 

Dschang is located in the west province of Cameroon and has a population of about 
81,700 (NIS, 2001).  The town has experienced a population explosion since the 
creation of a university there in 1993.  However, there has been no expansion in the 
capacity of the water supply in the town, so many sections of the town do not have 
pipe-borne water, while some sections with pipe-borne water can go for days without 
water.  The population has increasingly turned to other water supply sources, such as 
springs, for potable purposes.  Dschang has a sub-equatorial climate characterized 
by four months of dry season starting from mid-November to mid-March and eight 
months of rainy season from mid-March to mid-November with an annual average 
rainfall of about 2000 mm. The average daily temperature is 20.9°C and the daily 
humidity ranges from 33 to 98%. Goelogically, Dschang is situated in the central do-
main of the North Equatorial Pan African range. This range links the Trans-Saharan 
Pan African and the Pan African range of East Africa (Fola, 2001). The region has 
two main rock types: volcanic rocks consisting of porphyric or aphyric basalts and 
metamorphic rocks made mainly of gneiss (Tabue, 2000). Minerals in the basalts 
include biotite, hornblende, augite and apatite. The gneiss contains quartz, feldspars 
and amphibolic granites. The feldspars are usually sodium or calcuim plagioclase.

Methodology

Water samples from nine different sources were collected during an eight-month 
period, from January to August. Figure 1 shows the locations of the various water 
sources in Dschang.  The water samples were:

• Pipe-borne water supplied by SNEC; 
• Water from six urban springs; 
• Water from a well in the market; and
• SCAN water, which is a mini-distribution network in a peri-urban area of 

town with water from a borehole. 

Single samples were collected on the 15th of every month in clean glass bottles 
sterilized in a hot air oven at 160°C for at least 2 hours. The collecting points were 
cleaned and later torched with methylated spirit. Before each sample was collected, 
water from the outlet was allowed to run to waste for 1 minute.  The bottles were 
uncapped and water was collected by a gentle fl ow. The bottles were then recapped, 
coded, placed in an insulated box and transported to the laboratory within 6 hours.  
Bacteriological analyses were carried out in accordance with WHO standards. The 
multiple tube/ most probable number (MPN) technique was used (APHA, 1985). 
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Physico-chemical analyses were carried out by visual examination, titration tech-
niques and atomic absorption and emission spectrophotometry as described by Pau-
wels et al., (1992).

Results and Discussion

The results of the bacteriological analysis and their categorization according to 
WHO standards are shown in Table 1, while Table 2  gives a summary of the physi-
co-chemical qualities. 

The pipe-borne water supplied by SNEC, which is supposed to be chlorinated, regis-
tered an average E. coli count of 8 Counts/100ml during the eight-month period. This 
places SNEC in the acceptable category. However, values of up to 18 were recorded 
in January and April, making the water quality during this period unacceptable.  
Cheesbrough (1985) stated that for chlorinated water, at least 90 % of all samples 
taken over a period of 12 months should have a zero E. coli count per 100 ml and the 
counts should never exceed 5. The other water sources are unchlorinated and as such 
the WHO guidelines were used for the interpretation of the results. The mean E. coli 
count in all the water sources sampled was 16, indicating that overall, the quality of 
water in Dschang is unacceptable from the bacteriological view point. 

The bacteriological quality of the spring water was also found to be unacceptable 
since the mean E. coli count was 14. However a value of up to 90 was obtained for 
one spring during the month of July, which places the water in the grossly polluted 
category.  Generally, the bacterial load increased with the progression of the rainy 
season from mid-March to mid-November. This can be attributed to leakage from 
septic tanks and bacterial washout from the surrounding areas into the water table. 
The water source location and the activity around it infl uenced the water quality. 

The Pentagon Spring, which is located in a heavily built residential area, had high 
bacterial counts. Here, septic tanks are found just a few metres away from the Spring 
and thus there is leakage to the groundwater. Pit toilets around the Gendarmerie 
Spring are thought to be responsible for the high bacteria load. The Foreke Spring 
had a refuse dump close it. When it was removed in June, water quality of the subse-
quent months improved. The California, Madagascar and Foreke Springs are located 
far from residential areas and had better water quality.  Morgan (1990) reported that 
the Blair Research Laboratory in Zimbabwe conducted a study on the bacteriologi-
cal quality of water from 1,334 wells and concluded that almost all samples were 
contaminated due to the presence of E. coli.  Another study conducted in the Kajiado 
province of Kenya by Conroy, et al., (1996) concluded that the drinking water in the 
area had been contaminated with faecal coliform bacteria. These studies point to the 
fact that drinking water sources in developing countries are contaminated from the 
bacteriological point of view and urgent action needs to be taken if the incidence of 
water-related diseases is to be signifi cantly reduced. 
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All the water samples were tasteless and odourless except the water from the SCAN 
mini distribution network. There was slight turbidity noticed in the SNEC and the 
Foto Spring water while SCAN water showed high turbidity.  The mean values of the 
calcium and magnesium ions were low. The permissible level prescribed by WHO 
are 250 mg/l and 150 mg/l respectively (WHO, 1996). Since these two ions are 
the major causes of water hardness, the waters of Dschang can be classifi ed as soft 
water. According to the criteria of Twort et al., (1982), water is classifi ed as soft if 
the hardness is below 17.1 mg/l. Potassium varied in the samples from values below 
detectable limits in the California and Gendarmerie Springs to a value of 12.13 mg/l 
in the market well.  Twort et al., (1982) observed that potassium is very low in natu-
ral waters but high in sewage-contaminated water, usually about 20 mg/l. The water 
samples were observed to have low values of sodium ions. According to Twort et 
al., (1982), a great majority of pure water contains some salts of sodium and quanti-
ties of up to 50 mg/l are normal.  WHO gives a permissible level of up to 200 mg/l 
(WHO, 1996). Above this value, diarrhea may result. 

Groundwater often adopts the chemistry of the rock or soil in which it resides or 
fl ows through. From the rock minerals present in Dschang, the solubility of the bases 
obtained was in the order Na>K>Ca>Mg. Meanwhile the solubility of the bases in 
water is usually in the order Mg>Na>Ca>K. Currently, an explanation cannot be 
given until a detailed hydrogeochemistry of Dschang is determined. The level of 
nitrates varied from 5.04 mg/l in SCAN water to 35.28 mg/l in the well. The chloride 
level varied from 3.0 mg/l in the Foto Spring to 23.36 mg/l in the market well. The 
potassium, chloride and the nitrate ions can also be used as indicators of sewage 
contamination. In looking closely at the market well, these ions were 236 %, 165 % 
and 170 % respectively, higher than the values of their means of all water sources.  
However, the E. coli count was acceptable.  Hence, further investigation should be 
carried out to determine why the levels of these ions are very high in this well.  

The pH indicates that the groundwater generally is weakly acidic. SNEC water falls 
within the normal range of pH for potable water, which is 6.5-9.5. The waters of 
Dschang can be said to have bicarbonate alkalinity since the pH of the waters are in 
the weakly acidic range. Hydroxyl and carbonate alkalinity can only exist in waters 
having a pH above 8.5.  

Conclusions 

The bacteriological quality of water in Dschang, in general, is unacceptable based on 
the WHO standards since the average E. coli count was 16 per 100 ml. There is the 
tendency that water-related diseases would be prevalent during the rainy season be-
cause the bacterial load increases with the progression of the rains from mid-March 
to mid-November. To make the water of acceptable quality it should be properly 
disinfected by SNEC and the Spring Management Committees. Though pipe-borne 
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water supplied by SNEC has the best quality at the moment, there is still the need for 
SNEC to improve upon its quality to meet the excellent category. 

The physico-chemical quality of the water met the requirements of WHO. In addi-
tion to disinfection, proper liming should be carried out in the spring waters by their 
respective management committees in order to bring the pH within the range of 6.5-
9.5. This will also improve the quantity of calcium in the water, which is benefi cial 
to health.  The spring water catchments should be protected and proper sanitation 
ensured by the Municipal Council, so that there should not be further pollution re-
sulting from anthropogenic activities. More investment in the drinking water sector 
in Dschang is required to meet the demographic growth and ensure pure and clean 
drinking water. 
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Table 1. Variability of E. coli Count from Different Water Sources and WHO 
Categorization (counts/100 ml)

Sample 
Origin

Nature of 
source

January February March April May June July August Mean Std
deviation

WHO
category

California Spring 4 3 3 7 9 9 30* 10 9,38 8,80 B

Pentagon Spring 17 18 12 30 30 30 90* 20 30,88 24,87 C

Foto Spring 5 9 9 20 9 9 30* 17 13,50 8,28 B

Gendarmerie Spring 3 18 9 5 20 20 20 30* 15,63 9,15 B

Madagascar Spring 5 30* 9 6 9 9 5 5 9,75 8,40 B

Foreke Spring 2 NA 3 12 18 18 7 4 9,14 6,89 B

Mean of 
Springs

6 15.6 7.5 13.33 15.83 15.83 30.33 14.33 14.85 7.34

Std Dev 
of Springs

5.76 10.26 3.29 13.52 9.45 9.45 32.4 9.61

Other Sources

SNEC Treated 
surface water

18* 4 4 18* 5 5 3 9 8.25 6.27 B

Market Protected well 5 NA 7 NA 2 2 18* 18* 8.67 7.47 B

SCAN Borehole NA NA 20 40* 18 18 20 10 21 10 B

Mean of all
Source

7.38 13.67 7 17.25 12.75 12.75 25.38 14.13 16 16.6 C

Std Dev of 
All sources

6.35 10.33 5.34 12.52 8.80 8.80 26.41 8.32

WHO
Category

B C B C C C C C C

Explanation of WHO categories: A (0) is Excellent, B (1-10) is acceptable, C (10-50) is Unacceptable, 
and D (above 50) is grossly polluted

* = Maximum values recorded,  NA = Not Available
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Table 2: Physico-chemical Characteristics of the Different Water Sources

Sample Na+

mg/
l

K+

mg/l
Ca2+

mg/l
Mg2+

mg/l
HCO3

-

mg/l
Cl-

mg/l
NO3

-

mg/l
SO4

2-

mg/l
pH Conductivity

x 10-3(μS/cm)

SNEC 3.71 1.04 0.37 1.76 2.20 3.60 10.71 BDL 6.57 0.035

California 3.49 BDL 0.31 1.06 1.98 4.20 20.16 BDL 5.45 0.028

Pentagon 6.34 2.63 3.20 2.13 1.43 9.03 8.37 BDL 5.62 0.069

Foto 3.37 4.55 8.75 4.21 1.98 3.00 5.67 BDL 6.12 0.098

Gendarmerie 4.66 BDL 1.51 1.97 1.76 7.80 8.82 BDL 5.50 0.040

Madagascar 6.47 0.99 1.32 1.76 1.98 6.62 11.97 BDL 5.15 0.054

Borehole 6.42 12.13 9.56 1.77 2.20 23.36 35.28 BDL 5.06 0.129

Foreke 6.53 3.21 0.54 1.08 1.76 9.90 11.37 BDL 5.32 0.053

SCAN 3.14 0.74 0.76 1.80 2.64 11.73 5.04 BDL 6.06 0.042

Mean 4.90 3.61 2.92 1.95 1.99 8.80 13.04 BDL 5.65 0.061

BDL = Below Detectable Limits
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Figure 1: Location of the Various Water Sources in Dschang Town
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Introduction and Development of Raw Water 
Charges in Ghana 

Ben Yaw Ampomah

Introduction

The Water Resources Commission (WRC) was established under Act 522 of 1996 
and charged with the control, management, and regulation of water resources in 
Ghana. In order to carry out this complex task, the WRC formulated a strategy and 
initiated works in the broad areas of developing appropriate management instru-
ments, accelerating institutional coordination, and creating an enabling environment 
to achieve the objective of effectively managing the water resources of Ghana.

A component of the strategy is for the WRC to regulate the country’s water re-
source through the grant of water rights to all uses of naturally-occurring water 
both consumptive and non-consumptive. However, the administration of water use 
regulations by the Commission requires the institution of charges which are fair with 
regard to the use made of the resource. In essence, the charges are to facilitate the 
promotion of water conservation, the protection of the aquatic environment, and the 
establishment and maintenance of a database for informed management of the water 
resources.  The Commission, accordingly, undertook a study to establish appropriate 
water user charges. The specifi c objectives of the study were to:

a) Set out the criteria for determining water user charges; 
b) Establish raw water abstraction charges; and
c) Establish raw water non-abstraction use charges. 

Relevance of raw water charges as economic management tools 

The management tools that are currently available for water resources management 
in Ghana include technical tools (information systems, assessment procedures); 
regulatory tools (imposing standards through legislation and enforcement); and eco-
nomic tools (including pricing, taxes, subsidies).

Economic tools involve the use of prices and other market-based measures to provide 
incentives to consumers and to all water users to use water carefully and effi ciently.  
Prior to the establishment of the WRC, the use of economic tools was limited to 
water tariffs for potable water supply, particularly in the urban areas. The tariffs did 
not generally cover the direct cost of production and therefore had little effect as an 
economic tool for water resources management.  For instance, between 1995 and 
1999 the tariff for 1000 litres of water averaged $ US 0.20 while production cost 
was of the order of US$0.60. The tariff needed to be increased to about S US 0.70 
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per 1000 litres in order to cover both operation and non-operation costs like loan 
repayment, counterpart fund for rehabilitation, exchange losses and the provision of 
a 2.5% return on the value of net fi xed assets employed, so that expansion and new 
systems could be fi nanced (CARDS, 1998).

Introduction of Raw Water Charges

A Water Resources Management Study (WARM), the most comprehensive study on 
water resources in Ghana to date, was carried out in 1998.  One main conclusion of 
the WARM study was that the core strategy for the sector should be on the principle 
that water is no longer to be perceived as a purely public good. It is a scarce com-
modity with dimensions of social equity, economic effi ciency and environmental 
sustainability (Ministry of Works and Housing, 1998). 

The costs incurred in protecting the resources to avoid pollution and degradation, 
cost of policing and administrative mechanisms, are not accounted for. In addition, 
if the issues of providing information on water resources at an abstraction, diversion 
or damming point, or the benefi ts foregone either upstream or downstream in using 
water for other purposes are taken fully into account, then the need for licensing fees 
for raw water becomes clear (CARDS, 1998). The Government has also found it in-
creasingly diffi cult to sustain expenditures in all sectors of the economy. The country 
continues to depend, to a great extent, on donor support to balance its annual budget 
and service its balance of payment defi cits. 

The thrust of WRC’s efforts in regulating and managing the resource is therefore 
geared towards the economic reality that services provided have to be paid for, either 
directly or indirectly by the user (WRC, 1999). Such payments should be perceived 
as a means of cost recovery as well as a way of managing demand. 

The determination of raw water charges

Type of charges levied

Two main charges were established: abstraction levy and non-abstraction levy. Uses 
in the abstractive category were identifi ed as domestic/municipal, industry (includ-
ing mining), livestock, and irrigation. Uses in the non-abstractive category were 
navigation/transportation, aquaculture and recreation. Hydropower is an in-stream 
activity but was included in the abstractive category because water is impounded and 
used to generate energy and for cooling in thermal power development (CARDS, 
1998). 
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Structure of charges

The issue of whether raw water charges should be structured for the various catego-
ries of uses was also addressed.  Factors such as the social and economic situation of 
the different users, the benefi ts that result from services, and regional water availabil-
ity determine the contribution of each category of use to the total cost of managing 
water. Hence, the component of the unit price that ought to be paid by each user is 
infl uenced by such determinants (Solanes and Gonzalez-Villarreal, 1992). Initially, 
it was assumed that these determinants for any price differential apply equally to the 
major uses within the abstractive category on the one hand and the non-abstractive 
category on the other hand. 

Criteria for pricing water

The basic economic concepts of opportunity cost of water, cost recovery, average 
cost, and marginal cost pricing that could be used as basis for water pricing need 
to be distinguished (Rogers, 1992). Water has various competing uses. One would 
have to forgo the use of a competing use in order to satisfy that of another. The price 
of the use that is satisfi ed is the ‘opportunity’ cost of the other use that is forgone. 
Unfortunately, many economic studies of water ignore the opportunity costs of water 
and only refl ect the actual costs of obtaining the water itself. Ignoring the opportu-
nity cost of pricing will undervalue water and may cause serious misallocation of the 
resource between users (Rogers, 1992). In Mexico for instance, water prices were es-
tablished according to the opportunity cost of water, allowing adjustments according 
to regional conditions and taking into consideration the social and political situation 
of different groups of users (Solanes and Gonzalez-Villarreal, 1992).  

According to Rogers (1992), cost recovery refers to pricing of water to recover the 
costs of providing it. Prices are determined on the basis of raising suffi cient revenue 
to meet operating expenses, debt service requirements and provide some contribu-
tion towards the capital for future expansion.  Typically, pricing of water is more 
than cost recovery, because it also aims to lead society to manage demand by way 
of making effective allocation decisions and protect and sustain the environment of 
the water resource.

Marginal cost pricing is the pricing of water at the cost of using an additional unit 
of water and must include the opportunity cost of the water. It involves the cost of 
administering water resources, and protecting and recovering water when affected by 
environmental deterioration. (Rogers, 1992).

The choice of cost concept should be consistent with the aims that the charges are 
intended to achieve. The cardinal aim in the design of raw water charges is to achieve 
effi cient use of water where a minimum amount of water is used to satisfy a particular 
need. This requires that charges indicate to water users the resource costs of meeting 
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their demand for water.  Marginal cost is a forward-looking concept concerned with 
the costs the country will incur in meeting overall demand for water and managing 
the resource in an effi cient manner (London Economics, 1999; Munasinghe, 1994). 

In general, pricing of water is a vexing issue with technical complications about the 
price that would best refl ect the value of water (Solanes and Gonzalez-Villarreal, 
1992). Therefore there is no ideal price. In Ghana, where signifi cant efforts in the 
management of water resources and expansion of water supply are required, a for-
ward-looking concept of marginal cost was considered. As a new economic manage-
ment tool, however, the aim was to set the price to the point where average cost was 
equal to marginal cost in order to attain full cost recovery over a period. 

In Figure 1, the marginal cost (MC), average cost (AC), marginal revenue (MR), and 
demand (DD) curves are shown. Point A shows the quantity where the MC reaches 
its lowest point. Point B is the quantity where MC is equal to MR, signifying the 
output an enterprise would try to attain. Point C is where MC is equal to AC, which is 
the point where full cost recovery is realized. This is also the maximum quantity that 
can be supplied and by coincidence is the point where AC is the lowest.  A private 
operator would prefer to sell at B since at that quantity, profi t will be largest. This 
corresponds to price PB.  At C the price is set at PC, which would be preferable to 

Figure 1:  Determination of Raw Water Price
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a regulatory commission due to the social benefi ts it offers (more water at a lower 
price and covering costs).  

The abstraction charges

The approach used to estimate the unit economic cost or price of raw water abstract-
ed was to estimate the marginal cost of a unit of water abstracted and impounded for 
economic activity (Rogers, 1992; Munasinghe, 1994). The average cost was however 
used as a good approximation to estimate the unit price of raw water abstraction. 
This is given as:

Price  = Estimated costs of abstracting water   Estimated costs of abstracting water   
  Estimated volume of water abstracted 

Since it is necessary to provide raw water on a long-term sustainable basis, payment to 
ensure sustainable raw water provision was imposed in the form of a development levy. 
The development levy was calculated based on the national average economic growth 
rate of 5% (NDPC, 1998), as a percentage of the unit cost of water and added to the 
unit cost to obtain the total unit economic cost that had to be paid by water users.

Volume and cost of water abstraction

The abstraction of raw water was charged according to the volume of water abstract-
ed, measured or estimated (Labre, 1994; Burchi, 1994). A reasonable degree of price 
stability over time needs to be assured. The unit cost should therefore be defi ned 
over a considerable period (medium- or long-term) where optimal supply capacity 
can possibly be adjusted. It implies that supply costs should march demand of both 
existing and new users over the period (Munasinghe, 1994).  Hence, the estimated 
total water abstracted is assumed to be the total water demanded for consumptive 
use. The estimated demand anticipated by the year 2003 for abstractive water uses 
are presented in Table 1. As noted previously, hydropower is also included in the ab-
stractive category. The long-term average infl ow of water that is impounded and used 
to generate power from the Volta Lake at Akosombo and Kpong is about 37 billion 
cubic meters per annum (Nii Consult, 1998). Signifi cantly, little of this volume is 
consumed and therefore a proportionate volume of 37 million m3 for power genera-
tion is assumed and included. The annual average increase in total water demand for 
the period was estimated to be 136 million m3.

Two major cost components were considered insofar as use of raw water is con-
cerned. These are pollution monitoring cost and management cost (CARDS, 1998). 
Management cost is incurred during and after abstraction of water and involves:

a) Cost of activities to promote rational water use and conservation from the 
point of abstraction and diversion or damming; 
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b) Cost of maintaining a hydrological database to ensure effi cient service 
delivery; and 

c) Cost of strengthening the institution that collects and manages raw water- 
related revenues.

Key water information agencies that bear the management cost component include 
the Meteorological Service Department (MSD), Hydrological Services Department 
(HSD), Water Research Institute (WRI) and the Water Resources Commission 
(WRC). Based on available data and to avoid rapidly time-varying prices, both oper-
ating and capital costs that have a direct relation to the cost of regulating and provid-
ing data for an informed management of raw water for the period 2000-2003 were 
used (Republic of Ghana, 2000a; Republic of Ghana, 2000b; Republic of Ghana, 
2000c). The total budget for 2000 was 9.7 billion cedis ($ US 1.94 million) with a 
projected annual average increase of 1.32 billion cedis ($ US 0.14 million). 

Table 1:  Estimated Volume of Abstraction Based on Demand (2000 –2003)

Uses
Total Estimated Water demand (million cubic meters/per year)

2000 2001 2002 2003

Domestic/Municipal
Industrial
Irrigation
Livestock
Hydropower

 }  320.65   
     617.45
         31.9
         37.0      

  }   330.18
       712.45
         33.62

         37.0

 }   349.21
      935.45
        35.34

        37.0

  }  363.74
     1113.45
         37.06

         37.0      

Total      1007.0      1113.25     1357.0      1551.25

Source: Nii Consult for Min. of Works and Housing (1998)

Calculated abstraction charges

Using the estimated average increments in volume of water abstraction and manage-
ment costs of the information agencies, the calculated unit cost of raw water abstract-
ed was 9.7 cedis ($ US 0.002). The 5% development levy allowed on the obtained 
unit cost of water was 0.5 cedis ($ US 0.0001). Hence, the total unit cost or price of 
raw water abstracted was 10.2 cedis ($ US 0.002) per m3. In the case of hydropower 
the price was charged according to the unit of energy generated. Thus, charging 10.2 
cedis ($ US 0.002) per 1000 cubic meters based implied raw water charge of 0.60 
cedis ($ US 0.001) per KWh of power generated.

Non-abstraction charges

The average cost was similarly used as an approximation to estimate the unit price of 
raw water for non-abstraction uses.



61

Pilot Edition

P  = Estimated cost of pollution monitoringEstimated cost of pollution monitoring
Estimated in vessel engine capacities

The price obtained, however, refl ects either the capacity of engines or the surface 
area of the water body that is used in-stream instead of volume of water used. 
The engine capacity of both big and medium vessels used for inland transport, fi sh-
ing and recreation was used as a proxy for quantifying the use of water facilities 
available for in-stream use. Volta Lake Transport Company (VLTC) is the major in-
stream user of water with a total engine capacity of 3694.5 horsepower for its vessels. 
The surface area of water body used for aquaculture purposes was not available.

Costs of non-abstracted water

Activities or uses that do not abstract water produce pollution monitoring costs. 
This cost component was absorbed mainly by the Environmental Protection Agency 
(EPA). EPA’s estimated average annual increment for pollution monitoring costs for 
2000-2003 was 317,303,904 cedis ($ US 63,460) (Republic of Ghana, 2000a). 

Calculated non-abstraction charges

Based on the available cost of pollution monitoring and capacity of engines the 
charge for non-abstractive users for their operations was 86,000 cedis ($ US 17.2) 
per engine horsepower per annum. This charge was considered as tentative and ad-
justments were to be made based on the availability of data on vessel use on river 
bodies in the country. The principle commonly used in establishing charges for water 
use for aquaculture is to measure or estimate the surface area of ponds or surface 
water in its natural location. It was therefore assumed that for aquaculture purposes a 
charge of 86,000 cedis ($ US17.2) per hectare or 8.6 cedis ($ US 0.0017) per square 
meter of the surface area of a water body used should be paid.

End-user tariffs

The average tariff per household consumer for domestic water supply was 1,425 
cedis/m3 ($ US 0.29/m3).  A recommended tariff structure estimated the average 
tariff to be 1,750 cedis/m3 ($ US 0.35/m3) (London Economics, 1999). The proposed 
water charge of 10.2 cedis/m3 ($ US 0.002/m3) constituted an increase of 0.7% and 
0.6% in the prevailing and recommended average cost of water supply, respectively. 
Similarly, the average tariff for power consumption was about 143cedis/KWh ($ US 
0.029/KWh) for domestic users. The charges for hydropower generation i.e. 0.60 
cedis/KWh ($ US 0.0001/KWh) amounted to an increase of 0.4% of the average tariff 
being charged. In the major urban areas of Ghana the average water tariff of 1,425 
cedis/m3 ($ US 0.29/m3) was about 9.4% of the monthly income of the very poor 
households. Adding to the proposed water charges (10.2cedis/m3) increased the share 
of domestic water tariff in the very poor household’s income by 0.07% to 9.47%. 
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Demand for Water

Generally, consumers’ demand for water may change with the application of charg-
es. An Ability and Willingness To Pay (AWTP) survey showed that an increase of 
325 cedis ($ US 0.065) in the recommended average water tariff would result in a 
marginal decrease in overall per capita demand, at most (London Economics, 1999). 
Industrial customers indicated their sensitivity to water tariffs but were willing to pay 
more for an improved supply. This confi rmed that non-domestic demand would also 
not be signifi cantly affected by a limited increase in tariff.

Conclusions

Water management is a major development challenge in Ghana. Over the past de-
cade, a number of measures have been introduced to address this. The WRC, the 
institution mandated to manage and regulate the water resources of the country, has 
introduced raw water charges - abstractive and non-abstractive charges - as an eco-
nomic instrument that would serve to allocate raw water among users and form a key 
element of the enabling environment for sustainable water resources management.

The next critical stage is the practical application of the raw water charges in order 
to achieve the aims for which the charges were introduced.
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The River Basin as a Basic Unit of Integrated Water 
Resources Management 

Kodwo Andah PhD

Introduction

One of the basic principles of integrated water resources management (IWRM) 
is the holistic approach to combine water resources management with ecosystem 
needs, using the river basin as the basic unit. The questions to be posed are to defi ne 
what type of river basin, the physical observable one, whose boundaries are geo-
graphically delineated or a form-process interactive complex. Attempts are made 
in this present work to critically review some of the basic concepts underlying 
the interaction of quantitative geomorphology with hydrology at the basin scale, 
introducing some of the unresolved problems posed by recent advances in this 
area of activity. The ordering schemes often used to quantitatively analyze river 
networks have passed through the traditional concepts of river networks (Horton, 
1945) through systems development (strahler, 1952; Rzhanitsin, 1960) to struc-
tural or link ordering (Shreve, 1967). These schemes should refl ect the changes in 
the physical characteristics controlling the natural fl ow processes as the network 
develops. Although, the elementary basin of fi rst order is defi ned identically in all 
the schemes, the relative weight of mutual interactions between the morphometric, 
hydraulic, and hydrological processes in the river network fi nd different expres-
sions with each ordering scheme. 

The Horton-Strahler approach represents a rather morphological concept of form 
as opposed to the more process-oriented scheme of Shreve. Analysis of the various 
geomorphological forms of the instantaneous unit hydrograph (IUH) (Rosso, 1984, 
Rodriguez-Iturbe, 1984) reveals the dependence of the hydrological response on 
the Hortonian characteristic ratios, which in turn vary with the ordering scheme. 
Due to the erratic nature of upland streams and the absence of spatial scale in the 
various assessment schemes, presupposing a general homogeneity in the river 
basin may not be valid in nature. Presently the problems posed by the interaction 
between platform and altitude remain unresolved both in form-form and form-pro-
cess analysis (Gupta et al., 1986), especially necessary for sediment transport if a 
unit sediment graph is possible. Even though the various stages of the network de-
velopment are supposed to evolve under diverse physical mechanisms (Abrahams 
& Miller, 1982), most attempts at probability distribution frequency analysis on 
network parameters, lump network links together into external and internal links. 
Finally some results of analysis on the river networks of Ghana (Andah, 1983) and 
of Italy (Andah et al.1986) are presented to illustrate some perspectives and the 
impact of these results on the very important question of basin scale and the level 
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of resolution of map representation and grid size in digital terrain models through 
the derived fractal dimension of stream networks.

In Search of Quantitative Geomorphological Indices

The river drainage network offers a unique system of complex information that can 
be derived from its inseparable attributes of form and process necessary for the man-
agement of water resources in harmony with the environment. The basic principle 
underlying geomorphological approaches to water resources assessment of drainage 
networks can be formulated as follows: 

If the river network is the fi nal link of a defi nite physico-geographical process of mu-
tual interactions of climatical, hydrological and geomorphological factors, and defi -
nite laws can be observed within its structure, then suffi ciently strong relationships 
must also exist between the morphometrical elements of the channel, the hydraulic 
and hydrological characteristics of the fl ow, the character and the structure of the 
drainage network.

Early researchers have attempted to look for some indices, both qualitative and 
quantitative. The qualitative approach was based on the geological structure of the 
underlying rock formations and their effects on the river network patterns in order to 
associate them with some references to water content of the river network. This was 
followed by numerous other quantitative indices such as:

1. Form Factor 

where A = drainage  area
           L = basin length

An empirical relationship of the type  , gives  ,
which indicates that as area increases, F decreases, showing the tendency toward which indicates that as area increases, F decreases, showing the tendency toward 
elongation of larger catchments.

2. Circularity is expressed as the ratio of Basin Area to the area of a circle having the 

same perimeter as the basin 

where P = basin perimeter

3. Elongation is expressed as the ratio of the diameter of a circle giving the same area 

as the basin to the basin length 
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An empirical relationship is shown below based on Grey’s relationship 

Elongation seems to be strongly correlated with catchment relief and with E =- 1  in 
regions of low relief and 0.6 < E < 0.8  in regions with steep slopes and high relief

One of the most widely used approaches is the multiple regression technique in 
which regression equations are developed between basin form variables and some 
selected basin process indices (Leopold & Maddock, 1953; Benson, 1964; Trainer, 
1969; Osborn, 1974; Caroni et al, 1985). For example, Morissawa (1959) suggested 
a general functional relationship between streamfl ow Q and basin form parameters 
such as total stream length, basin area, fi rst order stream frequency, stream gradient, 
circularity, and relief ratio in the following form:

Morissawa actually developed corresponding empirical solutions. Other indices of 
discharge (e.g. lag time) have also been related to basin morphometrical characteris-
tics with some success (Kennedy & Watt, 1967; Quimpo, 1983; Mimikou, 1984). 

Holistic approach to river network assessment

In order to establish the basic characteristics of streams and channels, follow their 
changes from small streams to larger rivers (i.e. from streams of lower orders to 
those of higher orders) and the mutual interaction between them it is necessary to 
suffi ciently and clearly defi ne the basic concepts underlying the network structure. 
The principles controlling the formation and the behaviour of drainage network 
structure can be summarized as follows:

• The river network is the product of the development of a physico-
geographical process, and at the same time, a factor that infl uences the 
further development of this process;

• Delineation of the basic phases and types of the water regime conforms 
with and is defi ned by their genetic origin; and

• There exists a basis for territorial. Geographical links in the formation of 
surface runoff with climatic factors.

The basis of the quantitative description of the form and process of the drainage basin 
network and their interrelationships was fi rst introduced by Horton in 1945 when 
he proposed empirical relations between landform characteristics and variables of 
climate, hydrology, vegetation and soil properties. These relationships were expressed 
through a hierarchical structure of the stream network referred to as “stream ordering”. 
The stream order expresses the level of magnitude in the drainage network hierarchy 
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in quantitative terms. Among other explanations of the physical signifi cance of stream 
order, Rzhanitsin (1960) graphically showed that there are points of leap-change in 
the values of drainage area per unit length of channel, as a function of the number of 
channels, and characterized them as points of change in stream order. Furthermore, 
Yang(1971), considering the drainage basin analogous to a thermodynamic system, 
followed the distribution of entropy along the river network and concluded that for 
any drainage basin in dynamic equilibrium, the ratio of the average fall between any 
two different stream orders is the same and equal to unity.

These observations show that the stream order is not an artifi cial classifi cation or 
subdivision of the network as it may seem, but rather it refl ects the ratio between 
soil erodibility and the eroding force, in the form of runoff or discharge, exerted on 
the soil surface. The change in stream order therefore refl ects a sudden change in the 
physical characteristics relating to the form and process taking place in the basin as 
the network develops. 

Any given stream order can be characterized by a system of morphometrical, 
hydrographical and hydrological parameters (Rzhanitsin, 1960; Andah, 1983). From 
the foregoing analysis, it must be emphasised that the traditional delineation of a river 
network, into a main river, into which fl ows an uncountable number of tributaries 
must give way to a systems appraisal of the drainage network. In nature, the river 
network structure is a vivid example of a system structure defi ned by its boundaries, 
mass and energy balance. In all scientifi c works connected with the application of 
ideas of systems analysis in the sphere of morphology, physical geography and 
hydrology, the river network system stands out as the clearest appearance of the 
principle of structural system construction from an elementary system - two overland 
slopes and a line channel - up to a complex system defi ned by the network branch of 
streams of a large river. From a systems point of view, in a river network there cannot 
be a main river with tributaries, every river as it fl ows from its source to the mouth 
changes its physical characteristics.

There are presently various schemes of stream ordering attributed mainly to Horton 
(1945), Strahler (1952), Rzhanitsin (1960), Shreve (1964) and Scheidegger (1966). 
The basic principles of stream ordering by Horton state that if two streams of the 
same order (Vn), merge, the resultant stream has an order higher by unity, i.e. 

V
n+1

 = 2 * V
n

Strahler (1952) modifi ed the conclusion by assigning the highest order to only 
the point of change of the order and hence for the fi rst time introduced a new 
understanding of the development process of the network hierarchy.

Rzhanitsin (1960) proposed an ordering scheme in which both associative and 
cumulative effects of merging streams are taken into consideration. That is, if two 
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second-order streams consecutively fl ow into a third order stream, the water content 
of the resultant stream increases to a value equal to the merging of two third-order 
streams and the resultant order should therefore increase to four, i.e.

V
n+1

 = V
n
 + 2 * V

n-1
.

Analysis of the above expressions indicates that their differences are due to the level 
of emphasis placed on the predominant physical process. At the same time, all the 
schemes tend to an elementary stream referred to as a stream of fi rst order or external 
links, defi ned as an unbranched stream into which no other stream fl ows. 

Basic laws of drainage network composition
The most important contribution to the development of quantitative analysis of 
drainage network was his formulation of the network structure that there is an or-
derly development of the geometrical qualities of a drainage system and that the 
incipient change is in a geometrical progression.

Horton introduced three basic laws of drainage network composition that are in geo-
metric progression with stream orders: the change in stream numbers, mean stream 
lengths and mean channel slope.

The law of stream numbers: 
This is a measure of the network structure and is expressed with the BIFURCA-

TION RATIO defi ned as:

where    = number of stream segments of the order N

    = number of stream segments of the order N+1

          = bifurcation ratio

The Basin mean Bifurcation Ratio can be expressed through:

a)  The geometric mean bifurcation ratio; and
b)  The weighted mean bifurcation ratio. 

If  = constant for a given catchment, we have 

The law of stream lengths: 
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where 

generally   

The law of stream slopes: 
The law of stream slopes is defi ned by 

  

where  is the average slope of stream channels of order N and  is that of 
the order  N+r

The law of drainage areas was further added by Schumm  (1956).

                                                                          (1)

where is the increase in (1) due to the merging of two streams of order N

We can represent  by                                         (2)

From (1) and (2), 

The Area Ratio  is given by 
                     

                      
                          (3)

From (3)  and 
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The law of stream discharges

Furthermore, Rzhanirsin (1960) found similar relationships between discharge and 
stream order.

Many other forms or combinations of drainage basin characteristics have also been 
found to respond to the basic geometrical relationship (Rzhanitsin 1960, Fok 1970, 
Andah 1983).

Assuming that the water regime of the network is homogenous, we have 

  

where is the discharge of the merging streams

  
is the resultant discharge due only to the resultant stream 

Rainfall conditions:

  

where
  

are factors due to the uneven formation of streamfl ow on the 
merging streams. 

Discharge ratios can be therefore expressed as 

  =       
(generally)

 ...........................................(A)

In particular for rainfed conditions 

              ..................................................................................................(B)

In eqn.(A)     

In eqn. (B) can take values less than 2. 
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Spatial Distribution of Hydrographic and Hydrological Parameters

In this approach, attempts are made towards establishing a system of drainage basin 
characteristics namely, hydrographical, morphometrical and hydrological for each 
stream order. A successful result can create a basis for predicting fl ow at ungauged 
sites on the basis of either regional or a single-basin data transfer through the use of 
a single and unique index – the stream order.

Regional analysis

Some results obtained by the author (Andah 1983) are briefl y reported here to dem-
onstrate that in spite of uncertainties in the quantity and quality of observed data, 
stream ordering techniques could provide some reliable predictions of stream fl ow. 
Topographic maps of all river networks in Ghana at the scale of 1:250000 were used 
in establishing the stream orders, taking into consideration the cumulative effects 
of lower orders of merging streams up to lag 2. On the basis of drainage patterns 
with respect to relief, river networks in Ghana were grouped into three types, char-
acterised by the transition from hilly areas to fl at plains (Andah 1983). Regarding 
the hydrological regime, the river basins fell into two main types: ‘northern’ and 
‘southern’ rivers. The northern rivers, the Volta River, lying in the northern savannah 
zone, are predominantly characterized by unimodal distribution of annual runoff. 
The southern rivers, lying in more humid and hilly areas and covered mainly by for-
est, experience two runoff peaks.

The main hydrographical characteristics considered in this work were:
• River lengths;
• Stream lengths;
• Stream drainage areas; and 
• Stream drainage per unit length of channel.

The regression relationship for stream lengths and the stream drainage area per unit 
length of channel changed at the 6th order, except for rivers lying predominantly in 
fl at areas (type III) in the case of area/length ratio. 

These results show that the hydrographic characteristics are dependent on the physi-
co-geographical conditions of the drainage basin, especially on relief.
The hydrological characteristics considered are:

• Mean annual discharge;
• Mean annual fl ood (daily maximum) discharge; and
• Coeffi cients of variation of mean and maximum fl ows.
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The relationship of discharge characteristics with stream orders obtained for the two 
water regime types were identical as shown in Figure 2, and the discharge character-
istic ratios are shown in Table 1. In the case of the coeffi cients of variation, there was 
a larger scatter in their relationships due to unevenness in observation periods and 
short time series. Since there are generally fewer gauging stations on upland streams, 
the behaviour of the hydrological characteristics for streams of lower order could not 
be suffi ciently established, but for practical purposes could be extrapolated from the 
graphical relationships. Moreover, the combination of the hydrographical and the 
hydrological characteristics obtained through a single network index (order) serves 
as a basis for river fl ow data transfer and could therefore be used to predict runoff at 
any site, especially for planning purposes and prefeasibility studies.
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Single basin analysis

This a brief account of results obtained by applying the Hortonian ordering scheme 
to a river basin in the Northwestern part of Italy. The Fontanabuona River Basin of 
drainage area 364 km2 is characterized by mountainous terrain of maximum altitude 
1500 metres above sea level with a mean value of 545 metres. The stream orders 
were established with the schemes of Strahler and Rzhanitsin (with lag-one cumula-
tive effect), using topographic maps at the scale of 25000. The highest stream orders 
obtained were six and ten for the Strahler and Rzhanitsin schemes respectively. The 
hydrographical characteristics analyzed included:

• Stream lengths;
• Drainage areas;
• Stream falls; and
• Stream slopes, and their interrelations.
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Figure 3: Variation of Hydrographic Characteristics of Fontanabuona Basin

The relationships of the mean values of stream lengths and stream slopes with order 
changed at the 4th and 5th orders with respect to Strahler and Rzhanitsin schemes. 
Further analysis with the Strahller scheme was discontinued since only one gauge 
station differed in order out of the existing four stations and would therefore not offer 
any appreciable relationship of discharge with stream order. The relationships of the 
variation of hydrographic and hydrological characteristics are reported in Figures 3 
and 4 respectively, and refer to the Rzhanitsin scheme. It is interesting to observe that 
mean stream falls did not show any defi nite correlation with stream order. However, 
the mean stream falls seem to conform more with the postulation of Yang than the 
mathematically derived law of stream relief proposed by Fok (1971).
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The hydrological analysis included:
• Mean annual discharge;
• Various fl ow states of the fl ow discharge curve;
• Absolute daily maximum discharge; and 
• Instantaneous maximum discharge.

Figure 4: Variation of Discharges of Fontanabuona Basin

From Figure 4, it can be seen that apart from fl ow state Q
350

 (not shown) all the 
other mean fl ow states fall into the same relationship with stream order, giving a 
constant mean discharge ratio of 2.75. The corresponding discharge ratios for the 
absolute values of maximum fl ows. Both daily and instantaneous are 4.17 and 5 
respectively. The values of the discharge ratios reported for the rivers in Ghana and 
the Fontanabuona Basin seem to indicate their tendency to increase from higher time 
averaged values to instantaneous rather than the fl ow states. 

Environmentally Important Quantitative Indices and Concepts

Horton (1932) determined the role of erosional processes in the generation and for-
mation of river channel networks and introduced two vital concepts which are also 
useful in monitoring the state of equilibrium of the drainage network, which include 
the concepts of: 

Length of overland fl ow

A channel is formed when the overland fl ow velocity reaches the critical value with 
respect to erosion of the local surface material. In other terms it can be referred to as 
the useful work done by the overland fl ow in overcoming the soil resistance.
The distance necessary for the critical velocity depends on:

• Soil - Strength and Permeability
• Rainfall - Intensity and Duration
• Surface Slope
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• Surface Roughness

The constant of channel maintenance

It is the quantitative expression of one of the most important numerical values char-
acteristic of a drainage system: the minimum limiting area required for the develop-
ment of a drainage channel. It is also a measure of texture similar to the drainage 
density; it is in fact equal to the reciprocal of drainage density D:

C = 1 / D

The constant of channel maintenance expressed as the catchment area per unit of 
stream channel length is a measure of the average distance between stream channels. 
Along with drainage density this constant is of value as a means of comparing the 
surface erodibility or other factors affecting surface erosion and drainage network 
development.

In the environmental sense, these indices express, in quantitative terms, the stage 
of river network development as regards the equilibrium of erosional and sediment 
transport processes within a basin. 

Hydrological basin scale

There have been many attempts toward the quantitative analysis of non-homogene-
ities inherent in the spatial processes occurring in the drainage basin due to climatic, 
soil, topographical and other conditions infl uencing the natural fl ow process. The 
presence of these homogeneities in the runoff formation from overland fl ow through 
the hillslopes up to the basin response, rules out the feasibility of a single channel 
equation to describe the streamfl ow processes at the outlet of the basin. It is in this 
context that efforts have been made to describe runoff formation at different scales, 
namely hydrodynamic, hillslope and the more practical and physically signifi cant 
basin scale. The main quantitative characteristic signifying the spatial distribution 
of the channel network in a basin is the drainage density D, defi ned as the length of 
stream channels per unit of drainage area.
                                          

where l is channel length and  A is the drainage basin area.

Network density is a sensitive parameter that provides the link between the form 
attributes of the basin and the processes operating along the stream course and can 
be a factor determining the time of travel by water. Horton (1932) considered that 
the value of drainage density ranged from 0.93 km. per sq. km to 1.24 for steep 
impervious areas in regions of high precipitation, and to nearly zero in permeable 
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basins with high infi ltration rates. Langbein (1947) suggested a range of drainage 
density from 0.55 to 2.09 in humid regions with an average density of 1.03.

A basic principle is that amongst the assembly of subnetworks within a drainage 
basin, the spatial scale at which the value of D is invariant, is the basin scale. A basin 
scale is a spatial scale within the drainage basin at which the collective description 
of runoff generation from the system of hillslopes and its transmission to the basin 
outlet through the channel network, can admit simple descriptions by averaging 
out complex physical processes involved at the hydrodynamic and hillslope scales. 
Empirically, Andah (1983, Andah et al. 1984) in the analysis of the river networks 
of Ghana confi rmed the above conclusions referring to the point of change of 
the relations of characteristic drainage network ratios with the stream order. It is 
interesting to note that irrespective of the river basin size of the rivers in Ghana 
the change in the regression of the stream characteristic ratios occurred at the sixth 
order. A similar situation occurred with the Fontanabuona Basin at the fi fth order. 
Furthermore, Coffman et al. (1971) carried out an analysis of ordered thresholds 
from the relationship between the number of links and the number of segments of 
natural drainage network in the form of a theoretical general equation:

Y = 2X – (2n –1)

Where y is the number of links, x is the number of segments and n is the Strahler 
stream order. All networks up to the fourth order fall within their respective threshold 
fi elds with those above the fi fth order not conforming to their respective threshold 
boundaries. These observations, amongst others, offer the possibility of delineating 
within the drainage basin two distinct geomorphological homogeneities, namely 
hillslope and channel dominated processes.

Fractal dimension

A fractal is a term introduced by Mandelbrot (1982) to describe and classify many 
irregular shapes and patterns whose dimension is a set for which the Hansdorf- Bes-
covitch dimension strictly exceeds the topological dimension. Following Mandel-
brot, the area perimeter relation has been used to investigate the geometry of various 
shapes in nature. Mandelbrot, considering the drainage network as a “peano space 
fi lling” process established a typical fractal dimension of two for river networks. 
Rightly, Tsonis and Tsonis (1987) assert that with more consideration of the ge-
netic origin of natural geometric shapes, there exists a common fractal dimension 
for nature’s shapes of common mechanism of generation, and D remains the same 
whatever the scale of measurement.
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Following the stream network structure and superimposing the Horton ordering 
scheme on it, a fractal dimension D (Andah et al, 1987a & Andah et al., 1987b) was 
derived for a river network as:

where D is the fractal dimension, Rb and Rl are the bifurcation ratio and stream 
length ratio respectively.

The derived expression was used to determine the fractal dimensions of some river 
basins in different parts of the United States and the results are shown in Table 2. It 
can be seen that D takes other values from 2 in contrast to the assertion of Mandelbrot. 
This can be explained by the different climatic and geomorphological conditions that 
induce diverse mechanisms for the space fi lling mechanism for the drainage network 
development in a given environment. Since the derived fractal dimension depends on 
only the network structure, it can fi nd applications in such areas as:

• The search for appropriate topographical map scales at which the 
information content can be considered as adequate, i.e., the range of scales 
of resolution at which the fractal dimension D remains invariant;

• The determination of the appropriate grid scale for Digital Elevation 
Models used for the extraction of river networks; and

• The incorporation of D into analytical fi ltering mechanisms for Digital 
Terrain Models in order to reproduce more representative topographically 
oriented drainage networks.

Table 2: Some Fractal Dimensions of Natural Drainage Systems

No. River Basin Bifurcation Ratio Rb Length Ratio
Rl

Fractal Dimension D

1 Big Muddy (Ill) 3.287 2.092 1.612
2 Big Sandy (Ky) 3.931 2.415 1.552
3 Colorado (Colo) 4.104 8.141 1.854
4 Kaskaslia (Ill) 4.055 2.123 1.859
5 Mackinaw (Ill) 3.877 1.960 1.963
6 Merimack (N.H.) 4.468 2.566 1.594
7 Neches (Tex) 4.787 2,463 1.737
8 Roancke (N.C.) 4.306 2.101 1.967
9 Rogue (Oreg.) 3.721 2.066 1.811

10 Sangamon (Ill) 3.736 1.852 2.139
11 Spoon (Ill) 3.999 2.110 1.857
12 Susquehanna (N.Y.) 3.987 2.342 1.625
13 Vermilion (Ill) 3.967 1.905 2.139
14 White (Ind.) 4.513 2.353 1.761
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Conclusion

The main problem involved in the search for an objective river network structure in 
nature is due to the contradiction between the superimposition of analytical models 
on the river network system and the actual physical processes generating and con-
trolling the drainage basin. Even though the Horton-Strahler ordering scheme has 
been found on fundamental grounds to be inadequate to describe the river network 
geometry, the most preferred Shreve scheme cannot also be adequate since it reduces 
the network structure to simple collecting and transporting system of matter through 
the channels. It must be noted that Shreve applied his scheme to pollution diffusion 
in river networks, a process that has little relationship with the geomorphological 
processes of network formation. A river network geometry must, in essence, be 
able to describe the various processes interconnecting climatic, morphological and 
hydrological variables. It is therefore necessary that analytical models be geared 
towards the network structure in nature and not vice versa. In this case, an attempt 
at bridging the gap between the rich store of empirical and analytical results already 
achieved would be in the right direction. 

The best prospect for the application of the Hortonian concepts towards drainage 
network analysis and assessment lies with the fast advancing computer-based Digi-
tal Terrain Models (DTM) which would reduce the amount of work involved in the 
establishment of stream orders and measurements of the various hydrographic char-
acteristics. The tediousness of this approach has limited most researchers to small 
subcatchments and to schemes that are more mechanical in their use at the expense 
of the more objective form-process-response reality of the drainage networks. The 
need to have an objective description of river drainage networks has become the 
more imperative if the present concerns of climate change are directed at the hy-
drological response at the basin scale, necessary for establishing a good level of 
equilibrium between the morphological and water resources needs. It is also clear 
that quantitative geomorphological assessment of river basins can unveil a rich store 
of data and knowledge on the water regime of river networks. There is therefore the 
urgent need to apply quantitative geomorphological tools in assessing the river basin 
systems in Africa in order to take full advantage of modern technological tools like 
geographical information systems (GIS) distributed land use changes and basin re-
sponse models, necessary for integrated water resources management.



80

African Water Journal

References

Abrahams A.D., &Miller A.J. (1982): The Mixed Gamma Model for Channel Link Lengths. 
Water Resources Research Bull. 18, pp 1126-1136.

Andah K. & Rosso R.: Hortonian Approach to Streamfl ow Regionalisation with Particular 
Reference to Development of Minihydro-Projects in Ghana. Proc. of XIX Congress of 
the Italian Institution of Hydraulics and Hydraulic Structures, Pavia, Sept. 6-9, 1984.

Andah K. (1983): Characteristics of the Water Regime of the Rivers of Ghana as a Basis 
for their Multipurpose Utilisation (in Russian). Synopsis of Ph.D. Thesis Lumumba 
University Press, Moscow.

Andah K., Siccardi F.; (1988): Models of Drainage Networks through Digital Terrain Models. 
Proc. 19th Annual Modelling and Simulation Conference, University of Pittsburg, 
School of Engineering, Vol. 19, part 4, pp. 1615-1620, Pittsburg. 

Andah K.; La Barbera P.; Siccardi F.( 1987): Is a Drainage Network from a Digital Terrain 
Model, a Model for the Real Network? Presented at Fall Meeting of the American 
Geophysical Union, San Francisco, 6- 12 Dec.. 1987

Andah K.; Raiteri E.; Rosso R. and Siccardi F.( 1984): Hydrological Survey of Small 
Hydroelectric Potential of Ghana. Proc. of 1st Int. Conf. on SMALL HYDRO, Water 
power and Dam Construction, Singapore, Feb. 13-16, 1984.

Andah K.; Rosso R. and Taramasso A.C.( , 1987): The Role of Quantitative Geomorphology 
in the Hydrological Response of River Networks. Proceedings of the International 
Symposium on “ Water for the Future: Hydrology in Perspective”, IAHS Publ. No. 
164, Wallingford.

Coffman D.M., Keller  E.A., Melhorn W.N. (1972): New Topologic Relationship as an 
Indicator of Drainage Network evolution. Water Resources Research Bull., 8(6), pp. 
1497-1505.

Cordova J.R., Rodriguez-Iturbe I. & Vara P. (1982): On the Development of Drainage 
Networks. In Recent Developments in the Explanation and Description of Erosion 
and Sediment Yield, Proc. Exeter Symp., July 1982, pp. 239-249, IAHS publ. No. 
137.

Elsheikh S.; Rosso R.; Andah K.: Scaling Problems in Drainage Network Analysis and the 
Hydrological Response. Presented at the XVI Congress of the European Geophysical 
Society, Wiesbaden. Abstract publ. “ANNALES GEOPHYSICAE”, suppl. Vol.9, 
1991.

Horton R.E. (1924): The Distribution of intense Rainfall and some other Factors in the 
Design of Storm Water Drains; a discussion. Proc. ASCE 50, pp. 660-675.

Horton R.E. (1932): Drainage Basin Characteristics. EOS Trans., AGU 13, pp. 350-361.



81

Pilot Edition

Horton R.E. (1945) : Erosional Development of Streams and their Drainage Basins : 
Hydrophysical Approach to Quantitative Morphology. Bull. Geol. Soc. 56, pp. 275-
370.

Leopold L.B. & Maddock T. jr. (1953): The Hydraulic Geometry of Stream Channels and 
some Geomorphologic Implications. U.S. Geol. Survey, Prof. Paper, pp.252

Mimikou M. (1984): Envelope Curves for Extreme Flood Events in Northwestern and 
Western Greece. J. Hydrol. 67, pp55-66.

Morisawa M.E. (1959): Relation of Quantitative Geomorphology to Streamfl ow in 
Representative Watersheds of the Applachian Plateau. Columbia Univ., Offi ce of 
Naval Research, Project Nr 389-042, Tech. Report 20.

Nash J.E. (1959): Systematic Determination of Unit Hydrograph  Parameters, J. Geophys. 
Res. 64, pp. 111.115.

Quimpo R.G., Alejandrino A.A. & McNally T.A. (1983): Regional Flow Duration for 
Philippines. Proc. ASCE, J.Wat. Res. 109(4), pp. 320-330.

Rodriguez_iturbe I. & Valdes J. (1979) : The Geomorphological Structure of Hydrologic 
Response. Wat. Resour.Res. 15(5), pp. 1409-1420.

Rosso R. (1984): Nash Model Relation to Horton Order Ratios. Wat. Resour. Res. 20(7), pp. 
914-920 .

Rzhanitsin N.A. (1960): Morphological and Hydrological Laws of River Network Formation 
(in Russian). Hydrometeorological Press, Leningrad.

Scheidegger A.E. (1965): The Alfebra of Stream-Order Numbers. U.S. Geol. Survey, Prof. 
Paper No. 525(B), pp. 187-189.

Schumm E,A, (1956): The Evolution of Drainage Systems and Slopes in Badlands at Perth 
Amboy. Bull. Geophys. Soc. Am. 67, pp. 597-646.

Shreve R.L. (1967): Infi nite Topologically Random Channel Networks. J. Geol. 75, pp. 176-
186.

Strahler A.N. (1957): Quantitative Analysis of Watershed Feomorphology. Trans. AGU 38, 
pp. 913-920.

Yang C.T. (1971) : Potential Energy and Stream Morphology. Wat. Resour. Res. 7(2), pp. 
311-322.



82

African Water Journal

Pro-poor Strategies to Meet Basic Needs

The Case of Women and Rainwater harvesting in Kajiado 
District, Kenya

Mildred Mkandla

Introduction

This paper presents the experience of a pilot project on empowering women in rain-
water harvesting. The experience is used in this paper to illustrate how gender main-
streaming and pro-poor strategies can effectively contribute to more effi cient water 
resource management and broader social goals.

The EarthCare Africa Policy Monitoring Institute (ECAf), on behalf of the United 
Nations Environment Programme (UNEP), carried out this project over a two-year 
period. Among the issues considered in the paper are gender inequalities in water 
management, gender integration in the design of the project, outcomes, and implica-
tions for policy and practice and for gender theory.

One of the central ideas behind the project was that the basic needs of poor rural and 
peri-urban communities could only be met by focusing on pro-poor strategies.  For 
any pro-poor strategy to work, it must address the role of women who are key man-
agers of resources at the household level. This is more so in the case of water, with 
its critical importance around the home for drinking, cooking, washing, cleaning and 
sanitation. These basic and essential uses for health and well-being are largely the 
responsibility of women. In pastoralist communities such as the Masaai of Kajiado 
District in the Rift Valley Province of Kenya, women also have the added responsi-
bility of watering livestock.

The role of women and gender inequalities in water management 

Although women’s knowledge and management of water resources is well known 
in every society, their role as effi cient carriers, users and even managers of water 
scarcity was, for many years, unrecognized, denigrated or simply ignored. It was not 
until the early 1980s that women’s critical role in the management of water resources 
was given some attention. During the International Decade for Drinking Water Sup-
ply and Sanitation (1981-90), it was recognized that most of the successful water 
projects were those run by women. 
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In many societies, especially in Africa, women are responsible for collecting water, 
its allocation and sustainable use. They are knowledgeable about its sources and its 
quality as well as how long different sources would last.  It is therefore critical to 
involve women in policy-making and planning on water management.

In rural communities, especially in the driest parts of Africa, women struggle daily to 
source water to satisfy basic needs. The Masaai women in Kajiado District are a case 
in point. Faced with persistent droughts and an encroaching desertifi cation process, 
they routinely walk long distance everyday.

The case study being described concentrates on Kisamese in Kajiado District, one of 
the three sites in which a pilot project on empowering women in rainwater harvesting 
was carried out.  The other areas were Kangemi, a high-density suburb of Nairobi, 
and Ilmarba, a rural setting near the Kenyan border with Tanzania.  The three sites 
exhibited some location-specifi c differences: the residents in the urban area get their 
water from the City Council and from vendors; those in the peri-urban area depend 
on springs, vendors and silting dams, while the rural population depend mainly on 
traditional wells and river sources. Kisamese is chosen as a point of focus for the 
case study because the area has a mix of urban and rural characteristics and it is in 
this area that a wide range of rainwater harvesting technologies was concentrated.

Kajiado District, covering 21,903 square kilometres, is arid and semi-arid. This 
condition is aggravated by long periods of drought. The inhabitants of this area are 
predominantly the Masaai, the mainstay of whose economy is livestock. Traditional 
livelihoods are often inadequate and unsustainable because of droughts and, to a 
great extent, due to unsustainable pasture and livestock management. This inevita-
bly results in ecosystem destruction and environmental degradation as well as high 
livestock deaths, especially during severe droughts. Food, fodder and water scarcity 
therefore becomes the most felt and most common phenomenon in this District.

Kisamese is a small settlement of a few shops and a basic health facility. It is in the 
middle of the Rift Valley and is surrounded by many hills and experiences strong 
winds and scorching sun. Olepolos Primary School of 300 pupils, a Ministry of Edu-
cation Post, Chief’s Camp and six churches are dotted around the settlement. Two 
to seven kilometres away, lay around sixty homesteads of modern and traditional 
buildings. The main sources of water are two far away springs, two seasonal rivers 
and a silted dam. (This was the situation before the rainwater harvesting project 
started). Faced with the need to meet basic needs, women have to walk long distance 
every day in search of water whose quality is suspect and whose reliability cannot 
be guaranteed. Women with 20 litre, plastic jerry cans of water attached to a rope 
across their heads, struggling up steep hills are a common sight. Occasionally, the 
jerry cans are placed in Hessian or canvas bags that are slung across donkeys’ backs. 
At the centre of town, a few vendors make good business selling water. 
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On the small and winding footpaths leading to the school are many school children 
each carrying a litre or two of brown-tinted water to school for cooking and cleaning. 
At the school itself, the teachers are frantically trying to ensure that the two ram-
shackle structures used by the school children as latrines are kept as decent as pos-
sible. Piles of ash barely cover what is obviously human excreta perhaps left behind 
by the younger children who are either too scared to aim for the dark squat hole or 
unable to use it, altogether.  There is no water in sight for the children to wash their 
hands after using the latrine. Neither is there any evidence of items such as newspa-
per to use as toilet paper. No wonder, the women expressed concern about the high 
incidence of diarrhoeal diseases.

It was against this background that the women in Kisamese were chosen to partici-
pate in the Pilot Project on Empowering Women in Rainwater Harvesting in Kenya.

Failure of previous efforts to provide water to the Kisamese 
community

Previous efforts to supply water to the Kajiado communities were hampered by the 
way in which the water resources were provided. External efforts were based on 
perceived, rather than expressed, needs. As a result, needs were not identifi ed in col-
laboration with the communities. Neither were the communities involved in the so-
lutions to their problems. Huge external resources were invested in dams, wells and 
pumps but these were done without the participation of the intended benefi ciaries. 
There was no sense of ownership and the dams, wells and pumps, therefore, became 
the “donors’ dams, wells and pumps”. 

The case study

For six years, the women in Kajiado had been making efforts to secure water closer 
to their homesteads. For the women in Kisamese, the nearest dam had silted and the 
little water left was shared with livestock. Springs around them were drying up and 
those that still had water in them were a long distance away.

In Kisamese, between 100 and 150 people participated in the pilot project on em-
powering women in rainwater harvesting.  Three quarters of these were women 
whose ages were estimated as being between 18 and 65 years. 

From the outset, the communities, particularly women, were involved.  By 1996, 
they had approached various donors and agencies, including EarthCare Africa Policy 
Monitoring Institute, for funding for a water project. When UNEP, through its Divi-
sion of Environmental Policy Implementation (DEPI), sought partners to work with 
on the pilot project, it was easy to identify the Kajiado women as potential partici-
pants. 
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Expected results

In a series of meetings and discussions, the expectations of women were that the 
project would:

• Reduce the competition for water between livestock and humans; 
• Reduce the distances the women walked everyday in search of water and 

would in turn leave women with more time to carry out other activities in 
and outside the home; 

• Enable those interested in kitchen gardens to start them so as to earn a little 
income or improve the nutritional status of their families;

• Promote cleanliness and hygiene and thus reduce the incidence of diar-
rhoea or other diseases related to water scarcity; and 

• Reduce the risk of women being attacked by wild animals as they trekked 
long distances in the dark, early mornings or evenings in search of water. 

On the part of the school, the availability of latrines and water meant that girls 
would no longer stay away from school each time they had a monthly period. 
Finally, the children would no longer carry the limited and dirty water to school 
every day.

Needs identifi cation and priority setting

The women in Kisamese had met on many occasions to articulate their needs and 
discuss strategies for meeting their water needs. These meetings continued and be-
came more frequent when EarthCare Africa started meeting with the communities. 
The main concern expressed was the need for water at the local schools and nearer 
the homesteads. It was stated that water in the dams, even if available, tended to 
be used for livestock rather than for domestic use. The women needed smaller and 
closer sources that they could control and which were separate from the sources used 
for livestock.

The community explored possibilities of piped borehole water but realized that 
although this source could be reliable, it could also be expensive to construct and 
maintain. EarthCare Africa discussed other possible sources of water with the wom-
en, including sand abstraction, dams, rainwater harvesting and its various technolo-
gies. A lot of interest was shown on rainwater harvesting and many of the women 
said that they were doing this in small ways and they thought that it was an easier 
and cheaper way of collecting water at home. It could also be better and more easily 
managed and controlled by the women themselves.

Once the availability of funding was confi rmed, the Ministry of Environment and 
Natural Resources was informed about the intended project and permission was 
sought through the Kajiado District Development Offi ce to carry out the project.
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EarthCare Africa intensifi ed its meetings with the communities and a few men 
started attending the meetings at the invitation of the women, participating in the 
needs assessment.  Initially, the men almost always took over the meetings while 
the women, who had been vocal during earlier women-only meetings, would simply 
sit and listen to the men. The men wanted more water for livestock and markets for 
their animals. This prompted the need for more meetings with both women and men, 
sometimes in separate groups, and other times, together. The sensitization and wom-
en’s empowerment processes had started in a community that is male dominated and 
deeply rooted in its patriarchal culture with roles clearly demarcated along gender 
lines.  The women’s choice of rainwater harvesting was adopted and the men were 
convinced that the whole community would benefi t from the project.

Gender sensitization and awareness creation

The gender sensitization, awareness raising on rainwater harvesting and women’s 
empowerment processes took place simultaneously. These were done through 
discussions, role-play and exchange visits. Visits were made to Kola in Machakos 
District, where rainwater harvesting was practiced. Women and men went on these 
visits, together with representatives of local government, sector Ministries and wom-
en’s groups. These visits were extremely useful and yielded fi rst hand information on 
various technologies used for rainwater harvesting.  The groups were able to discuss 
with the owners of the project (the majority of whom were women) the advantages 
and disadvantages of rainwater harvesting and its various technologies. The visitors 
even participated in the activities of the day, which included the elevation of a sand 
dam wall and the construction of a ferro cement tank.

Discussions between the groups touched on how new groups are formed and how 
groups can stay together, confl ict management, acceptance of women as leaders and 
project sustainability.

On returning to their project areas, the groups that had gone on the visit were able 
to talk to their members about the project that they had seen. They were encouraged 
that the group comprising mainly women was able to manage such a water project. 
They were also impressed that water was closer to the homesteads for domestic use 
where some people even had small kitchen gardens. There were even separate water 
facilities for domestic and livestock use. They spoke to their male counterparts about 
the project and how women and men worked together in a project headed by women.  
The men who had gone on the visit were very supportive of a women’s water project 
because they had seen a very successful one managed and run by women. 

Building of rainwater harvesting and sanitation facilities

There was a lot of enthusiasm, especially on the part of women, when the pilot proj-
ect on rainwater harvesting began. The women chose the technologies they wanted to 
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use and identifi ed the sites for water collection points. These points were close to the 
homesteads and concentrated on the local school and churches to ensure easier ac-
cess. Groups were mobilized and responsibilities were shared with the assistance of 
the water engineer, technical expert and the implementing agencies. Women would 
clear the sites, fetch water and collect hardcore (boulders) for the fi rst demonstration 
ferro cement tank. Men would dig the foundation; help in offl oading supplies and 
in the digging latrine pits. Together, the communities would identify the sources of 
materials such as cement, timber and roofi ng sheets and would also mix the mortar 
and concrete and construct the tanks. The community provided most of the tools that 
included wheelbarrows, picks, shovels and hoes, drums for storing water as well 
as some tools for construction.  Except for a few people who were subcontracted 
because of their expertise, such as stonemasons, the community provided unpaid 
labour.

Work started very well with the participation of the community but halfway through 
the construction of the demonstration tank, the pace slowed down. Two reasons were 
given for the slow-down: fi rstly, in their homes, the women were still expected to 
carry out the responsibilities of watering the animals in addition to their other do-
mestic work.  Secondly, many women made their livelihoods from selling beadwork 
in nearby small towns. This often took the whole day. Although rainwater harvesting 
had potential advantages, the benefi ts could not be immediately realized in the same 
way as would the returns from selling beadwork. The women had then given priority 
to the latter.

At a planning workshop held two weeks after the pilot project began, the issues of 
non-participation were raised and discussed and possible solutions were suggested. 
The women would divide themselves into groups so that they did not all attend the 
market on the same day. That would ensure that there would be some women on the 
project every day. This solution worked for some time. The construction of ferro ce-
ment tanks at the school and at the women’s shed was quick and effi cient. Similarly, 
the whole community participated in the construction of school latrines, especially 
after authorities threatened to close the school because of unsanitary conditions.  

The involvement of men and local tradition overlooked

Work on individual and church facilities also progressed well but problems arose in 
the construction of the earth pan, demonstration rock catchment and the facilities at 
the Chief’s Camp. Women showed less interest in participating again. Several meet-
ings held with them yielded no improvement.  Further enquiry showed that women 
were less interested because their men had complained that they had been left out of 
consultation on the participation of their women, as was the norm in this community. 
Finally, a community-wide meeting was held to which elders and infl uential mem-
bers of the community and local administration were invited to correct the mistakes 
and appeal to the societal hierarchy. It was clarifi ed that although the project focused 
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on women to enhance their skills in water resource management, it was for the ben-
efi t of the whole community. All those with know-how and other means were asked 
to support the women to ensure that the project was a success.

From then on, women participation increased and the men provided security for the 
facilities and made sure that the women were not disturbed. The last facility built 
was an earth pan. Women and men selected the site in consultation with the water 
engineer.  An earthmover was hired to widen an existing pit, scoop out excess soil, 
cut out the spillway and build the embankment. A water fi lter was constructed with 
piping going under the embankment to a ferro cement tank on the other side of the 
embankment. The women and a few men participated in the laying of the pipes, con-
struction of the tank, and standpipe for water for domestic use and a cattle trough. 
The competing needs for domestic and livestock water use was reduced. The women 
put up a barbed wire fence around the earth pan and planted indigenous and exotic 
trees to protect the water catchment.  

Although many women participated in the project at different times, there was a 
group of 25 volunteer women who devoted a lot of their time to the project unde-
terred by discouragement from others. They learnt every aspect of the project, get-
ting involved in the activities that are usually carried out by men, such as the actual 
construction and climbing on rooftops to fi x gutters and tank roof. 

They also formed the majority of the Water Management Committee, occupying all 
the executive positions. As an incentive, a small market was established for the wom-
en for their beadwork. Once a week, one or two people were invited from Nairobi to 
buy some of the beadwork. The women arranged themselves into smaller groups and 
sold their wares in turns.

Project sustainability

A small percentage of the sales from the beadwork was pooled and put aside for 
maintenance and repair of water facilities. In addition, the women contributed fi ve 
Kenya shillings each week, which was also put aside to sustain the project.  Once 
a month, each woman contributed two hundred shillings towards a revolving fund 
from which roofi ng sheets were purchased for three women every month.  The wom-
en used iron roofi ng to make rainwater easier to collect and to improve their homes.

Empowering women in rainwater harvesting and capacity 
building

In empowering women in rainwater harvesting, concentration was on:

• Building confi dence and self-esteem of women. They were encouraged to 
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speak up and express their views, even in the presence of men;
• Appreciation of the complementarity of gender roles;
• Leadership, formation and role of water committees;
• Water management, water by laws and formation of groups; 
• Communication, group management, confl ict prevention and resolution;
• Conservation, management and sustainable use of water;
• Catchment protection;
• Skills in the construction of ferro cement tanks, rock catchment, earth pan 

and adaptation of rooftop catchment for traditional dwellings;
• Sanitation and hygiene;
• Financial management, budgeting and record keeping;
• Operation and maintenance and project sustainability; and
• Monitoring and evaluation of projects.

Outputs

By the end of the project, the women and a few men had put up the following facili-
ties in Kisamese:

§ 18 ferro cement tanks with volumes ranging from 5,000 to 46,000 litres;
§ 1 reinforced 4,600 litre tank (mortar on chicken wire used to protect the 

plastic tank from puncturing;
§ 10 plastic tanks of 460 litre capacity;
§ 25 latrines;
§ 1 earth pan of 80,000 cubic litre capacity. The water from the earth pan 

is fi ltered and goes by gradient to a 46,000-litre tank. A cattle trough and 
standpipe are also located close by;

§ 1 demonstration rock catchment;
§ 1 women’s shed;
§ 1 manyatta (Masaai traditional house) demonstration roof 
catchment;
§ 150 exotic and indigenous trees for cathment protection, including fruit 

trees; and
§ Embankment grass to prevent soil erosion.

Other outputs of the project were:

1. A video on the project execution;
2. A project report with guidelines on empowering women in rainwater harvest-

ing;
3. A training manual on water management and other development initiatives; 

and 
4. Materials used for training.
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Many people have visited the project and the women are proud to show it off. During 
the 22nd Session of UNEP’s Governing Council in February 2003, delegates visited 
the project and the women explained the project confi dently.  They told the visitors 
that their spouses were proud of them and were encouraging them. To one group, 
Jane Minisa said “When we started this project, my husband resented my coming 
here and was suspicious when I attended workshops where I would spend a night 
out.  Now, if I do not come to the project he asks me why and whether I have fallen 
out with my group.”

Project outcomes

• Women’s skills in water management improved;
• Improvement in the quality and quantity of water used;
• Women travel shorter distances to fetch water;
• High demand for rainwater harvesting especially from rooftop catch-

ments;
• Improved sanitation; and
• Water conservation and ecosystem management being practiced.

From EarthCare Africa’s point of view, the greatest achievement of the pilot project, 
apart from the tangible outputs, was the independence and confi dence of women in 
managing their water. This was particularly evident in their participation in decision-
making, ownership and control of the water facilities, and management of the whole 
project. The women were not only empowered on rainwater harvesting but were able 
to apply what they learnt to other activities, such as improving their home situations. 
They were also eager to share their experiences with other women within the coun-
try and outside Kenya. Hygiene and cleanliness improved markedly and there were 
fewer reports of diarrhoeal diseases.

Partnerships

The project was supported through many international partnerships: The Govern-
ment of Sweden, through UNEP, who also provided guidance and administrative 
support, provided fi nancial support of $ US 110,000. The Government of Kenya was 
the host and it provided advice and technical support by way of seconding Water 
Offi cers to the project and other administrative support. The community input was 
estimated at nearly 50% of the project costs. The community did not only provide 
labour but also most of the tools and equipment.  EarthCare Africa provided the day-
to-day coordination and management of the project; provided volunteers and bore 
the extra cost of transportation, video shoots and communication. 
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Global processes

The pilot project on Empowering Women in Rainwater Harvesting demonstrated 
the importance and role of pro-poor strategies especially the contribution of women 
in meeting basic water needs. This is line with the Ministerial Declaration on Water 
Security in the 21st Century and the related Water Supply and Sanitation Collabora-
tive Council’s Vision 21 and the Millennium Development Goals (MDGs). Although 
rainwater harvesting cannot solve all the water problems that developing countries 
face, it can at least provide a stopgap and augment existing interventions.

Lessons learnt and the implications of the Kajiado experience for policy and prac-
tice

The Kajiado experience may be just one case but it confi rms generally accepted 
principles and methodologies for gender mainstreaming and meeting basic needs. 
There are many observations and recommendations that can be made on the basis of 
this experience, including:

• Women’s empowerment takes a long time and it requires commitment and 
patience;

• Participation of both women and men at every level of the project execu-
tion is key to its success and sustainability;

• Women’s role and knowledge in water management needs to be recognized 
and used to ensure water security especially at the household and commu-
nity levels;

• Pastoralist women are very knowledgeable about water resources, their 
management and sustainable use and they are keen to improve their lives;

• Water development initiatives do not always benefi t women as it does men. 
This has to be consciously redressed;

• The disadvantaged positions of women are exacerbated by poverty;
• Where communities depend on water vendors, poor women often have no 

adequate water supply to meet basic needs;
• Gaining the trust and confi dence of all the stakeholders, especially the 

recipient communities, is of great importance. They must not be taken for 
granted and promises made to them must be kept;

• Community participation at every level of the project is crucial to ensure 
ownership and sustainability of the project;

• To ensure water security, a gender sensitive approach is essential;
• People-friendly water technologies are better understood and can be better 

utilized to meet basic needs;
• Rainwater harvesting is a reliable, relatively inexpensive and manageable 

technology for harnessing water to meet basic needs. It is amenable to ex-
ploitation and management by women. It can be carried out anywhere as 
long as it rains;
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• Rainwater is a source of good quality water needing no treatment and 
therefore an important resource for poor communities;

• To avoid confl icts and ensure successful water projects managed by wom-
en, it is useful to involve men and infl uential community leaders;

• It is very important to respect the culture of the communities and not to 
impose foreign values. Tact is very useful when dealing with sensitive and 
negative aspects of a culture. Once the communities understand the nega-
tive aspects, they are likely to be more willing to change or modify their 
practices;

• A lot of women are intimidated by the presence of men and fi nd it diffi cult 
to express themselves in their presence;

• Women’s confi dence in their abilities and self-esteem need to be built and 
maintained. This can be done by the enhancement of their skills and promo-
tion of their participation in decision-making and in controlling their lives;

• Training and capacity building of women to manage the resources and 
water technologies are crucial if they are to be confi dent in water manage-
ment;

• Empowering women economically can promote and increase their par-
ticipation in water management and other development initiatives. The 
sources of the livelihoods should not be disrupted to make way for the 
project unless measures are taken to provide for livelihoods;

• Redefi ning gender relations without explicitly saying so is more likely to 
achieve intended results. Expectations are switched as benefi ts are seen.  
The traditional division of labour can then be easily reversed as stereotypi-
cal norms are broken;

• Cost sharing in the project can ensure project ownership, its protection and 
sustainability because resources have been invested in it; and

• Women’s status can improve upon society’s appreciation of their contribu-
tion to development.

The positive changes that took place were facilitated by the project’s neutral venue- 
such as schools and churches - away from traditional structures. Closely related to 
this was that the external agent, EarthCare Africa, was not under the control of cul-
tural authority, structure or local administration. Neither was it constrained by local 
expectations. It was therefore able to channel resources through women without a 
lot of opposition.

In retrospect, it must have been signifi cant that most of the people involved in the 
facilitation of the project were women. The Programme Offi cer from UNEP was a 
woman and a trained water engineer.  One Water Offi cer was a woman and so were 
the Project Coordinator, Agriculturalist and workshop facilitators. They were seen as 
role models and it was easier to discuss a lot of issues with other women that would 
have been diffi cult to discuss with men. This should be taken into consideration in 
women’s empowerment efforts.
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The experience of Kajiado confi rms some of the observations made in the literature 
on gender that gender mainstreaming is possible if it is introduced in a non-threat-
ening way. It confi rms that people’s ability to change springs from a single idea. A 
gradual change that arises from seeing the benefi ts of women’s participation is likely 
to have positive and more lasting results. However, negative traditional attitudes 
must not be allowed to stand in the way of clear benefi ts to the community. 

The involvement of both women and men in water resource management can ensure 
project success and sustainability. It can highlight the importance of the role played 
by each group. Women and men often have different and competing uses of water.  
Projects or programmes aimed at providing water to communities should ensure that 
there is a separation of water points for domestic use and for irrigation, small indus-
try and livestock. Women’s needs tend to be catered for last.  Priorities must be nego-
tiated.  In the project, although men preferred to use water for livestock, they agreed 
to divert most of the water to domestic use and for school after negotiating with the 
women.  It was also agreed that livestock would be provided water from the cattle 
trough and that women would draw water from a standpipe that was constructed.  
Competing needs were thus addressed.

Change came from practical experience. There was a change in the way things were 
done arising from the tangible benefi ts that were accruing.  Practical requirements 
necessitated change. The power of the women to manage and control the resources 
for the improvement of the community water situation changed the way things were 
normally done in that community. This was accepted because it was clearly benefi -
cial and showed the potential of women to lead and make decisions on water man-
agement. This changed the power balance in the management of water resources in 
women’s favour.

Implications for policy      
                   
Unique experiences of projects such as the one in Kajiado provide lessons for 
policy-makers and implementing agencies. These experiences can be used to gener-
ate guidelines and principles to help in developing appropriate policy institutional 
frameworks. There is a need for adequate and gender sensitive water policies  and 
legislation for fair allocation and utilization of water sources especially between 
competing needs. To be fair, these policies must be formulated with the inputs of the 
end users, especially women.                                                                    

Involving women in decision making on water-related issues forms a very important 
part of their empowerment and must therefore be provided for in a policy on rain-
water harvesting and water management. The specifi c needs of poor women must be 
taken into consideration when planning for water and sanitation provision is done. 
Pro-poor strategies must be clear, simple and should address the needs of women. 
They should be linked to resources and should target, in particular,  poor women 
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while blending with the local culture. African governments should include rainwa-
ter harvesting in their water policies and plans. Rural water management should be 
devolved to the communities where women should play a signifi cant role. Develop-
ment agencies should be requested to support the training in rainwater harvesting 
as well as in its implementation. Civil society organizations should endeavour to 
raise awareness and sensitize communities to rainwater harvesting and conservation 
and the role of women in it should be promoted. Information on new technologies 
should be accessible in terms of physical availability and produced in user-friendly 
formats.

Women play a critical role in water resource management. This role should be 
recognized and enhanced by improving their capacity.  The burden of water is not 
to meet the women’s needs only and addressing the water needs of women in the 
project meant addressing the needs of school children and of the entire family. There 
were spin-offs for the whole community as well.  If the pro-poor strategies are used 
to address the needs of women, they have a better chance of reaching out to the 
community’s health and well-being.
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Call for Papers

The African Water Journal welcomes papers from all water sector professionals 
in Africa and beyond. An eminent group of Africans who have carved a niche in the 
academic and professional fi elds will be constituted to form the Editorial Board of 
the Journal under the leadership of Prof. G.O. P Obasi, the Secretary-General of the 
World Meteorological Organization (WMO). All papers to the Journal shall be peer- 
reviewed according to the following criteria:

• Quality of analyses
• Quality of data
• Completeness of information
• Consistency in use of indicators
• Quality of writing
• Adherence to adapted structure

Thematic Areas
To ensure that the Journal contributes effectively to future versions of the African 
Water Development Report, the following thematic areas have been adopted in con-
sonance with the World Water Development Report (WWDR):
• Meeting basic needs – for safe and suffi cient water and sanitation

• Securing the food supply – especially for the poor and vulnerable through 
the more effective use of water

• Protecting ecosystems – ensuring their integrity via sustainable water re-
source management

• Sharing water resources – promoting peaceful cooperation between differ-
ent uses of water and between concerned states, through approaches such 
as sustainable river basin management

• Managing risks – to provide security from a range of water related haz-
ards

• Valuing water – to manage water in the light of its different values (eco-
nomic, social, environmental, cultural) and to move towards pricing water 
to recover the costs of service provision, taking account of equity and the 
needs of the poor and vulnerable

• Governing water wisely – involving the public and the interests of all 
stakeholders.

• Water and industry – promoting cleaner industry with respect to water 
quality and the needs of other users

• Water and energy – assessing water’s key role in energy production to meet 
rising energy demands

• Ensuring the knowledge base – so that water knowledge becomes more 
universally available

• Water and cities – recognizing the distinctive challenges of an increasingly 
urbanized world.
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Style Guidelines for Contributors  - United Nations University Press 

1. Manuscripts or papers: should be consecutively paginated, printed from a uni-
form computer software format (in multi-author works, do not send authors’ origi-
nal conference paper, disks or texts). Please use 12pt font size for ease of editing. 
Double space all text and tables. Manuscripts should be free from handwritten cor-
rections, staples etc. Full justifi cation, A4 page layout (NOT Letter). Margins: 1.0 
top/bottom, 1.25 sides.

2. Bibliographical References and notes: For single author volumessingle author volumes the Press uses 
a single reference/endnote section at the back of the book. For multi-author or edited 
volumes, endnotes /references are placed at the end of each chapter. The author/date 
citation system is preferred. Please double space notes/references. Do NOT use 
footnotes. Do NOT use references embedded in the text.

Incomplete and inconsistently formatted references cause more production delays 
than any other editing problem. 

Please follow the examples given:

For books: Robert A. Dahl, Polyarchy: Participation and Opposition, New Haven: 
Yale University Press, 1971, pp. 1-9.

i. For journal articles: Raul Alfonsin, “Never Again’ in Argentina,” Journal 
of Democracy, Vol. 4, No. 1, 1993.

ii. A reference to a chapter in a multi-author book: José Zalaquett, “Bal-
ancing Ethical Imperatives Against Political Constraints: the Dilemma of 
New Democracies Confronting Past Human Rights Violations,” in Neil J. 
Kritz, ed., Transitional Justice. How Emerging Democracies Reckon with 
Former Regimes, Washington, DC, United States Institute of Peace Press, 
1995.

iii. Conference papers: John Smith, “A History of Canada,” paper presented 
at the International Studies Association Conference, Los Angeles, 2001, 
March 22-23, unpublished.

iv. Newspapers:  Brian Velasquez, 1989, “Mongolia and the West,” New York 
Times, 7 January, p. 8.

3. Headings: Please ensure that different levels of subheadings are clear, and do not 
number or letter subheadings (i.e. provide an actual title). 

e.g. A head (Capital), B head (Bold), C Head (Italic).

4. Figures and Illustrations: Please call all graphs, charts, photos, etc. ‘Figure’. All 
fi gures other than the authors original work should be sourced correctly, see below, 
and permission to use applied for.
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Fig. 1. Land reserves in southern Sumatra (Source: Bloggs 2000; reproduced 
by permission of….)
Fig. 2. Distribution of mangroves in Thailand

All illustrations and fi gures should be originals or clean, (fi rst generation photocop-
ies). Each individual fi gure/illustration (if drawn), should be stored on a separate 
electronic fi le on disk. A hard copy of the individual fi gure/illustration should also 
be provided. 

Please send papers to:
Stephen Maxwell Donkor
Senior Regional Adviser, Water Resources
UN-Water/Africa
Economic Commission for Africa
Addis Ababa, Ethiopia
Email: sdonkor@uneca.org
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