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As we proceed into the 21st century, at least one-third of the 
world’s population lives in countries with moderate to high water 
stress. The report on Water Policy Challenges, which was consid-
ered by the African Ministers’ Council on Water (AMCOW) at 
the Pan African Implementation and Partnership Conference in 
December 2003, and the fi rst United Nations World Water Devel-
opment Report have both highlighted the water-related threats 
and vulnerabilities confronting humankind. These vulnerabilities 
are on the increase, particularly in Africa, and notably with regard 
to the continent’s river and lake basins.

It is becoming increasingly clear that the availability of water 
resources will have a critical impact on the success of future efforts 
to alleviate poverty across Africa. The data provided in this Atlas 
of African Lakes makes abundantly clear just how threatened our 
precious water resources are becoming, through over-use, pollu-
tion, the destruction of ecosystems, and climate change. Satellite 
images of Africa confi rm that dramatic environmental changes 
are affecting the continent’s 677 natural and human made reser-
voirs, which contain an estimated 30 000 cubic kilometres of fresh 
water—the world’s largest volume. It is, indeed, a wake-up call 
for Africans— and the international community—to take 
urgent action.

The rapid shrinking of Lake Songor in Ghana, partly as a result 
of intensive salt production, and the extraordinary changes in the 
Zambezi river system as a result of the building of the Cahora Basa 
Dam sit beside more familiar images of the 90 per cent shrinkage 
of Lake Chad. Other impacts, some natural and some human-
made and which can only be truly appreciated from space, in-
clude the extensive deforestation around Lake Nakuru in Kenya. 
Satellite measurements detailing the falling water levels of Lake 
Victoria are also mapped. Africa’s largest freshwater lake is now 
about a metre lower than it was in the early 1990s.

The Water Agenda of the new Partnership for Africa’s Develop-
ment (NEPAD) and the constitution of AMCOW exemplify posi-
tive recent developments in addressing these threats. At the 2003 
Pan African Implementation and Partnership Conference on Wa-
ter in Addis Ababa, African ministers pledged their commitment 
to the coordinated, multi-sectoral development of the continent’s 
water resources in order to provide sustainable freshwater supplies 
for urban development, agricultural and industrial uses, low and 
fl at lands management, and other activities covered by the new 
Integrated Water Resource Management (IWRM) policies.

It is estimated that over 300 million people in Africa face water 
scarcity conditions. By 2025, 18 African countries are expected to 
experience water stress. On the other hand, Africa has 60 interna-
tional river basins whose freshwater potential could benefi t all of 
their riparian communities. Transboundary cooperative mecha-
nisms for the management of these shared resources are underde-
veloped, however, further reducing their potential to meet grow-
ing freshwater requirements. The achievement of the MDGs will 
remain elusive in Africa without a major paradigm shift in water 
resources management.

A high-level African ministerial dialogue on The Management 
of Lake Basins for their Sustainable Use: Global Experience and 
African Issues, held during the 11th World Lakes Conference in 
Nairobi in November 2005, called for making the integrated 

management of lake basins a long-term element of government 
and public priorities, planning and fi nancing processes, integrat-
ed water resources management, habitat and biodiversity conser-
vation, and economic development programmes. The resulting 
ministerial resolution recommended:

•  The strengthening of local capacities for managing lake basins 
in a sustainable manner;

•  The establishment of a Centre of Excellence in Africa for pro-
moting a new generation of water and environmental planners 
and managers with skills in limnology and aquatic and envi-
ronmental sciences;

•  Consideration by the UN of the need to establish an Interna-
tional Year for Lakes; and

•  The mobilisation of funds for supporting IWRM to meet 
the MDGs.

One of the priority areas for NEPAD is water and sanitation, 
and in response to the challenges faced in this sector the African 
Water Vision for 2025 was developed to stimulate more equitable 
and sustainable use and management of Africa’s water resources 
for poverty alleviation, socio-economic development, regional 
cooperation, and environmental conservation. It is within this 
political and institutional setting that AMCOW has emerged as 
the principal mechanism for policy dialogue and coordination of 
strategies on water and sanitation among African countries, as well 
as with the international community.

AMCOW’s efforts and increasing credibility have resulted 
in many successes already. It has established the African Water 
Facility (AWF), hosted by the African Development Bank, for the 
mobilisation of resources towards the MDG/WSSD targets for 
water and sanitation. Major development partners have commit-
ted resources to the AWF. AMCOW has cooperated with the UN 
agencies dealing with water, and has begun a strategic partnership 
with the EU Water Initiative. It is also charged with oversight of 
the implementation of NEPAD’s water component. Through its 
Technical Advisory Committee and sub-regional arrangements, 
AMCOW cultivates a clear relationship with the Regional Eco-
nomic Communities and River and Lake Basin Organisations for 
transboundary water management and development programmes.

As the current President of AMCOW, I strongly believe the 
Council is on the right track and warrants support from all stake-
holders to translate the African Water Vision into reality and 
to put Africa on the road to achieving her commitments to the 
global community. The protection and management of freshwater 
resources is being addressed through AMCOW’s triennial work 
programme, 2005-2007, which itself is designed as the platform on 
which Africa will move forward towards meeting the Millennium 
Development Goals on water and sanitation, as well as the WSSD 
targets for development of IWRM strategies. We fi rmly believe that 
it is only through the increasing coordination of our efforts—and 
through joining forces with civil society, the private sector and our 
international partners—that these challenges will be met.

Foreword

H.E. Mrs. Maria Mutagamba

President of the African Ministers’ Council on Water
Minister of State for Water Resources, Uganda
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As well as being the principal source of livelihood for many indi-
vidual communities, Africa’s lakes contribute signifi cantly to the 
continent’s socio-economic development. However, these lakes 
are undergoing rapid changes due to human activities and cli-
mate change. This has altered ecosystem processes and resulted 
in several growing threats, including loss of biodiversity, over-fi sh-
ing, eutrophication, the proliferation of invasive weeds, siltation, 
toxic contamination, and over-abstraction of water. If they are not 
carefully managed, Africa’s lakes face a growing risk of becoming 
unsustainable for future generations.

There is a critical need for valid scientifi c data and environ-
mental information to enlighten decision-makers and various 
stakeholders on the changes taking place in and around most 
lakes in Africa. Satellite imagery vividly captures these changes 
over large areas and long periods of time. Large water bodies 
can easily be mapped, identifying changes in their surroundings. 
This is particularly useful for illustrating human-induced changes 
across country borders, especially for transboundary lakes.

This Atlas was prepared as part of United Nations Environ-
ment Programme’s (UNEP) contribution to the 11th World 
Lakes Conference, which was hosted in Africa for the fi rst time in 
November 2005. Its overall objective is to show various changes 
within Africa’s lakes in an integrated manner, by the use of re-
mote sensing technologies, geographic information systems, and 
case studies on particular lakes. This publication uses satellite im-
ages to document, assess and vividly illustrate the changes in and 
around African lake basins over recent years.

It is important to note that water systems are sensitive barom-
eters of the health of our planet. While water covers most of the 
Earth’s surface, less than two per cent of water bodies consist 
of fresh water – and most of that is bound in the polar icecaps. 
Indeed, fresh water in a liquid state is very scarce. Severely ag-
gravating the problem is that most of the world’s available fresh 
water is concentrated in relatively few large lakes, many of which 
are shared by two or more countries.

We hope the information contained in this Atlas will prove 
useful not only for managing and monitoring selected lakes, but 
will also underscore the intrinsic value of harnessing, visualis-
ing, assessing and promoting new technologies to gain a deeper 
understanding of the changes affecting Africa’s lakes, and their 
impacts on the environment and societies living around them. As 
a follow up to the 11th World Lakes Conference, UNEP will be 
updating this Atlas in order to enlarge its scope and content. In 
Africa, as elsewhere, UNEP continues to work closely with gov-
ernments and other partners on a number of initiatives aimed at 
the environmentally sound management of the continent’s vital 
freshwater lakes.

Klaus Töepfer

Executive Director, UNEP

Preface

v

NP Clark/UNEP/MorgueFile.com
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Status and trends

• Due to differences in methods for classifying water bodies as 
lakes, the precise number of lakes in Africa is diffi cult to de-
termine. However, according to the WORLDLAKE database, 
there are 677 lakes in Africa.

• Lakes are a source of livelihoods for many African communi-
ties. However, Africa’s lakes are subject to a variety of human-
induced pressures as well as climate change. If they are not 
managed properly, the continent’s lakes risk over-exploita-
tion and loss of sustainability for future generations.

Pressures on Lake Victoria

• Population growth around the continent’s largest lake, Lake 
Victoria, is signifi cantly higher than the rest of Africa. In 
recent decades, the rate of population growth within a 100 
km (62 mile) buffer zone around the lake has outpaced the 
continental average, refl ecting growing dependency and 
pressure on the lake’s resources.

• Lake Victoria’s level variation, derived from satellite altime-
ter measurements, shows a negative height variation trend—
even after the signifi cant infl ows of water from the 1997-98 
fl ooding. This pattern should be of long-term concern to all 
the countries of East Africa, as well as those along the 
Nile Basin.

• Lake Victoria was widely invaded by water hyacinth during 
the 1990s. Initially, the hyacinth was controlled by hand, 
with the plants being manually removed from the lake. More 
recent control measures include the careful introduction 
of natural insect predators and some improvements can be 
seen, even from space.

Unsustainable use of Lake Chad and Lake Tonga

• Lake Chad’s area has shrunk by 95 per cent over the past 35 
years, driven by a complex interaction between climatic and 
human causes. Lake Chad’s surface area decreased from 
22 902 km2  (8 843 square miles) in 1963 to a mere 304 km2 

(117 square miles) in 2001. Studies reveal that the drastic 
decline in the lake level and area since the 1970s can be at-
tributed in nearly equal parts to the continued decrease in 
precipitation over the basin and to the widespread increase 
of irrigated agriculture.

• Uncontrolled damming, the withdrawal of water for irriga-
tion, and climate variability are the major cause of the drying 
up of Lake Tonga in Algeria.

Transboundary lakes and river basins

• There are 15 natural lakes that cross the political boundaries 
of two or more countries in Africa, namely Lakes Victoria, 
Chad, Turkana, Tanganyika, Tana, Rudolf, Natron, Malawi, 
Mweru, Kivu, Kariba, Edward, Chilwa, Albert and Abe. The 
extent of water in the human made Lake Nasser falls across 
the boundaries of Egypt and Sudan.

• There are 60 transboundary river basins in Africa, covering 
over 63 per cent of the continent’s land area. Of these, two 
countries share 30 basins and more than two countries share 
the remainder. The Congo Basin is shared by 13 countries, 
followed by the Niger and Nile basins with 11 countries, and 
the Zambezi and Chad basins, with nine and eight 
countries respectively.

• The Congo, Nile, Niger, Chad and Zambezi river basins oc-
cupy about 42 per cent of Africa’s land area and sustain over 
44 per cent of the continent’s population.

Main Findings
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• Population density is the highest in the Nile Basin, followed 
by the Niger Basin. The Chad Basin had the lowest popula-
tion growth between the 1960s and the 1990s.

“Killer lakes”

• Some lakes in central Africa have become known as “killer 
lakes,” because of the catastrophic natural events that have 
occurred in their vicinities. Lakes Monoun, Nyos and Kivu 
are located in active volcanic areas; in 1984 and 1986, CO2 
bursts in Lakes Monoun and Nyos led to the sudden deaths 
of 37 and 1 746 people respectively.

• A breach of the natural dam in Lake Nyos appears immi-
nent, with a high likelihood of this occurring within the next 
fi ve years.

Threats to Africa’s lakes

• Rapid population growth continues to pose a major threat to 
Africa’s lakes and its most signifi cant freshwater reservoirs.

• The continent’s freshwater supplies are being threatened by 
both natural phenomena and human factors.

The major natural threats facing Africa’s lakes include:

 -   The transboundary nature of most freshwater resources

 -   Extreme and temporal variability of climate and rainfall

 -   Growing water scarcity, the shrinking of some water 
 bodies, and desertifi cation

The main human-induced threats include:

 -  The multiplicity of transboundary river basins, with 
 different countries pursuing their own management 
 and extraction agendas, often in confl ict with 
 conservation priorities

 -   Depletion of water resources through pollution, 
 deforestation, overgrazing and soil erosion

 -   Failure to invest adequately in resource assessment, 
 protection and development

 -   The expansion of large-scale irrigation and dams

 -   Unsustainable fi nancing of investments in water supply 
 and sanitation

Other threats include:

 - Drought and fl ooding

 - ‘Killer lakes’

 - Invasive species

 - The potential collapse of dams

Hope for the future?

The Africa Water Vision for 2025 (World Commission on Water 
for the 21st Century) calls for:

 - Strengthening the governance of Africa’s 
 freshwater resources

 - Improving national and regional water wisdom

 - Meeting the most urgent water needs

 - Strengthening the fi nancial base for a sustainable 
 water future

By supporting this vision, it is hoped that the conditions in and 
around Africa’s lakes can be steadily improved over time.

2000

2005

2010

2015

High (> 100)

Medium(25 - 100)

Low (< 25)

Density (People / km2)

Modifi ed from CIESIN
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Figure 1-1: A satellite composite image of Africa (Source: NASA)
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S een from space, the Earth appears 
as a largely blue planet, suggesting 
the presence of vast quantities of 

water. Although this is true, only about two 
per cent of the Earth’s water is fresh, with 
the majority of this small fraction locked 
up in icebergs and glaciers, or located far 
underground beyond our easy reach. Lakes 
appear like blue diamond mosaics in the 
terrestrial mass. As a relative perspective, if 
all the water on Earth could be put into a 
four-litre bottle, the readily-available quan-
tity for use by people would be about one 
tablespoon, or less than half of one per 
cent of the total. Nevertheless, even this 
small amount is deemed suffi cient to meet 
all the present and foreseeable people’s 
needs – if it were evenly distributed around 
the world and protected from degradation.

A lake is defi ned as a large body of 
water, usually fresh water, which is sur-
rounded by land. Lakes are usually formed 
when natural depressions or basins in the 
land surface become fi lled with water over 
time. They can range from small ponds to 
water-bodies stretching hundreds of kilo-
metres and containing vast quantities of 
water; large lakes are sometimes referred 
to as ‘inland seas’. Some small seas are 
also often referred to as lakes (Wikipedia 
2005). As defi nitions of what constitutes a 
lake also vary, the precise number of the 
world’s lakes is diffi cult to determine.

In contrast to fl owing streams and 
rivers, lakes provide a means for pooling 
or storing water for varying periods of 
time. Lakes are one of our most important 
natural resources, especially in the tropics, 
where they form highly productive biologi-
cal systems. They provide water for con-
sumption, fi shing, irrigation, power gen-
eration, transportation, recreation, and a 
variety of other domestic, agricultural and 
industrial uses (Zinabu 1998).

Natural and human made lakes and 
wetlands provide signifi cant storage of 
somewhat easily accessible global terrestrial 
water, which varies seasonally and annually 
according to climate variation and anthro-
pogenic activities. There are approximately 
50 000 natural lakes and 7 500 human 
made lakes in the world (Ryanzhin 2004). 
Despite the publication of several world 
lakes datasets and databases (Herdendorf 
1982; Birkett, Mason 1995; ILEC 2002; 
Wetlands International 2002; Lehner, Döll 
2004), most data on limnologically studied 
natural and human made lakes are dis-
persed over a wide range of literature. 

Africa, with a total area of 30 244 050 
km2  (11 677 293 square miles), is the 
second largest and second most populous 
continent after Asia. It covers approxi-
mately 20.3 per cent of the total land area 
on Earth. With over 800 million people, 
it accounts for about one seventh of the 
world’s population (Wikipedia 2005). It is 
also the largest of the three great south-
ward projections from the main mass of 
the Earth’s surface. It is estimated that 
Africa has about 30 000 km3 (7 197 cubic 
miles) of water in large lakes (Anon 1978; 
WCMC n.d.), which is the largest volume 
of any continent. 

Africa is endowed with hundreds of 
lakes, both natural and artifi cial (Table 
1.1). For example, Lake Bosumtwi is a 
natural lake that was formed by a crater 
when a large meteoroid smashed into 
the continent. Lake Nasser, on the other 
hand, is a reservoir or artifi cial lake created 
behind the Aswan Dam in Egypt. Africa is 
also home to some of the largest lakes in 

the world, many of which are bordered by 
two or more countries. Lake Victoria is the 
largest of all African lakes and the sec-
ond largest freshwater body in the world, 
with a surface area of about 68 800 km2                      

(27 000 square miles). Its extensive sur-
face is divided among three countries: the 
northern half to Uganda, the southern half 
to Tanzania, and part of the northeastern 
sector to Kenya.

According to the WORLDLAKE data-
base, there are 677 lakes in Africa, with 
88 of them listed as principal lakes (see 
Appendix). Although lakes are a source of 
livelihoods in most African societies, they 
are also a major source of natural disas-
ters, tropical diseases and pandemics. It is 
important to note that Africa’s lakes are 
also undergoing signifi cant changes due 
to a combination of human activities and 
climate change, with potentially serious 
implications for people’s livelihoods and 
aquatic biodiversity.

1Africa’s Lakes 
Introduction
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Africa, and particularly East Africa, has 
numerous lakes that support very impor-
tant fi sheries  —providing a livelihood 
to millions of people, and contributing 
signifi cantly to the food supply. In many of 
these lakes, however, fi sheries are reach-
ing a state of maturity and unsustainabil-
ity. The fi sheries of just 11 lakes in the 11 
countries of eastern Africa employ close to 
half a million people, with perhaps three 
times as many engaged in secondary activi-
ties and related services—thus supporting 
about four per cent of the region’s entire 
population (Petr 2005). This has also 
resulted in transboundary water confl icts, 
despite the creation of regional initiatives 
on integrated water management. Trans-
boundary freshwater resources will clearly 
become a source of growing confl ict in 
Africa without the development of—and 
adherence to—sound multilateral agree-
ments for their shared management.

The degree of resource utilisation 
differs greatly from lake to lake, and ac-
cording to the two main types of fi sheries: 
demersal/onshore and pelagic/offshore. 
Currently, demersal/onshore resources 
are being more heavily exploited or over-
exploited. Africa’s large lakes are receiving 
considerable biological attention through 
a number of international activities, with 

research focusing particularly on Lakes 
Victoria, Tanganyika and Malawi. However, 
governmental support for lakes remains 
low in many African countries, with little 
money allocated from national budgets for 
their conservation or development 
(Petr 2005).

Although Africa’s lakes are limited and 
sensitive resources that call for proper care 
and management, they remain among the 
most abused of the continent’s natural re-
sources. The direct disposal of wastewater 
into lakes continues to have a damaging 
impact on their fragile ecological balances. 
Human impacts in lake basins and catch-
ments also have devastating consequences 
for the lakes themselves, including: rapid 
siltation caused by accelerated soil erosion; 
irreversible uptake of water and/or salini-
sation due to irrigation; eutrophication; 
contamination with toxic chemicals and 
mine tailings; and acidifi cation. Effec-
tive integrated watershed management 
requires not only strict soil conservation 
measures, but changes in the way that 
water moves through the agro-ecosystem.

In Africa, human factors, in combina-
tion with the natural conditions of climate 
and geology, may infl uence water quality 
to a large extent. Some African nations do 

The Mankwe Dam in Pilanesberg National Park, South Africa. UNEP/MorgueFile.com 

Table 1.1:  Africa’s lakes by country

Country # of Lakes  Percentage 

Uganda  69 10%

Kenya 64 9.50%

Cameroon 59 8.70%

Tanzania  49 7.20%

Ethiopia 46 6.80%

South Africa  37 5.50%

Rwanda 29 4.30%

Ghana 29 4.30%

Morocco 26 3.80%

Madagascar 25 3.70%

Egypt 16 2.40%

Nigeria 16 2.40%

Mali 15 2.20%

Tunisia  15 2.20%

Zaire 15 2.20%

Malawi 13 1.90%

Botswana 12 1.80%

Gabon 8 1.20%

Others 134 <20%

Total 677 100%

Source: World Lakes Network (2004)
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not have industries that fl ourish in devel-
oped countries, and pollutants are not pro-
duced in such large quantities. However, 
pollution resulting from land-use changes, 
environmental modifi cation and other 
practices associated with rapid population 
increase, have caused or accelerated many 
changes in the continent’s lakes (Zinabu 
1998).

The main threats to water quality in Af-
rica include eutrophication, pollution, and 
the proliferation of invasive aquatic plants 
such as the water hyacinth. Industrial 
wastes are still discharged without treat-
ment into rivers and lakes in most African 
countries, posing a major and persistent 
health problem. Recurring droughts are 
also a major threat to, and cause of, water 
shortages (Ottichilo 2003).

Africa’s freshwater supply, including 
its lakes, is threatened by certain natural 
phenomena and human factors. Among 
the greatest natural threats are:

•  The multiplicity of transboundary 
 water basins

•  Extreme and temporal variability of   
 climate and rainfall

•  Growing water scarcity

•  Shrinking of some water bodies

•  Desertifi cation

The major human threats include:

•  The pursuit of inappropriate gover-
nance and institutional arrangements 
in managing national and transnational 
water basins

•  The depletion of water resources 
through pollution, environmental deg-
radation, and deforestation

•  Failure to invest adequately in 
resource assessment, protection 
and development

•  Unsustainable fi nancing of investments 
in water supply and sanitation

These threats pose challenges in man-
aging the continent’s water resources and 

in meeting competing demands for basic 
water supplies (World Commission on Wa-
ter for the 21st Century n.d.).

Water supplies are undoubtedly one of 
the most important resources for Africa’s 
social, economic and environmental well-
being. Currently, about two-thirds of the 
rural population and one-quarter of the 
urban population are without safe drink-
ing water, and even higher proportions 
lack proper sanitation. Climate change will 
likely make the situation even worse. The 
greatest impact will continue to be felt by 
the poor, who have the most limited access 
to water resources (Watson et al. 1997).

Other threats to Africa’s lakes include:

•  Poisoning: Mercury poisoning is af-
fecting at least three of Africa’s Great 
Lakes: Turkana, Naivasha and Baringo 
(Campbell et al. 2003).

•  Drought: Lake Chad, once one of the 
continent’s largest freshwater bodies, 
has dramatically decreased in size due 

Lagune de Porto-Novo Ramsar Site, near Cotonou, Benin Nassima Aghanim/UNEP/Ramsar
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to climate change and extraction. Once 
close in surface area to North America’s 
Lake Erie, Lake Chad is now a ghost 
of its former self. According to a study 
by University of Wisconsin- Madison 
researchers, working with NASA’s Earth 
Observing System programme, the lake 
is now one-twentieth of the size it was 
35 years ago (NASA 2001).

•  Killer lakes: In August of 1986 Lake 
Nyos in Cameroon “exploded,” releas-
ing up to 1 km3 (0.6 cubic miles) of 
CO2 and killing about 1 700 people up 
to 26 km (16 miles) away. A smaller gas 
burst from Lake Monoun in August 
1984 killed 37 people. Steps are being 
undertaken to reduce such risks in the 
future (Kling 2005).

•  Flooding: In addition to drought, lakes 
may fl ood, posing threats to human 
populations living close by. An example 
is Lake Kyoga (Goulden 2005).

•  Potential collapse of dams: The United 
Nations team of experts dispatched 
on 21 September 2005 to Lake Nyos, 
in Cameroon’s Northwest province, to 

assess the stability of its natural dam 
warned of the risk of its potential 
collapse within the next fi ve years, 
and called for urgent measures to 
prevent it.

The Africa Water Vision for 2025 
(World Commission on Water for the 21st 
Century n.d.) calls for:

•  Strengthening the governance of 
Africa’s water resources

•  Improving national and regional 
water wisdom

•  Meeting the most urgent water needs

•  Strengthening the fi nancial base for a 
sustainable water future

This Atlas vividly illustrates some of 
the changes that people and nature have 
wrought on Africa’s lakes – both good and 
bad – in recent decades, and presents an 
overview analysis of the situation of 24 ma-
jor lakes (see Table 1.2). In doing so, it also 
serves as an early warning of the precarious 
environmental situation of many of Africa’s 
lakes, and seeks to inform policymakers on 
the need to consciously assess and regularly 

monitor changes affecting lakes in their 
countries. An integrated approach will 
be taken in mapping out the changes in 
African lakes, including the main causes 
and effects of human activities. As water 
sustains life, the effective management of 
our water resources demands a holistic 
approach, linking social and economic 
development with the protection of natu-
ral ecosystems. Sustainable management 
must link land and water uses across entire 
catchment areas, as well as direct uses of 
lakes themselves, and should include the 
mainstreaming and crosscutting of popula-
tion, health and climate changes in evaluat-
ing utilisation and management strategies. 
The analyses in this publication have been 
aided by the use of satellite imagery to 
map out demographic and environmental 
changes within Africa’s lake ecosystems. 
The publication intends to provide a clear 
and practical basis for promoting more 
effective management and monitoring of 
Africa’s lakes, and for informing policy 
decisions and individual actions to help 
sustain the livelihoods of the communities 
that live around them.

Table 1.2  Lakes, reservoirs and lagoons featured in this Atlas*

Name Country Surface area [km2] Maximum depth [m]

Alaotra, Lake Madagascar 200 

Al Wahda, Lake Morocco 123 

Challawa Gorge Reservoirs   

Cahora Basa Reservoirs Mozambique 2739 157

Chad, Lake Chad/Cameroon/Niger 1540 10.5

Djoudj, Lake Senegal 160 

Ichkeul, Lake Tunisia 120 

Kariba, Lake Zambia/Zimbabwe 5400 78

Kivu, Lake Rwanda, Zaire/Congo (DR), Rwanda 2220 480

Lesotho Highlands Reservoirs Lesotho  

Malawi (Nyasa, Niassa) Malawi, Mozambique, Tanzania 29500 706

Manantali, Lake Mali 200 

Nakuru, Lake Kenya 40 2.8

Monoum, Lake Cameroon  

Nasser, Lake Egypt 5248 130

Nyos, Lake Cameroon  96

Sibaya, Lake South Africa 78 43

Songor Lagoon Ghana  

St. Lucia, Lake  South Africa 300 8

Tana, Lake Ethiopia\Kenya 3600 14

Tanganyika, Lake Tanzania/Zaire/Zambia/Burundi 32000 1471
 Burundi, Congo (DR), Tanzania, Zambia

Tonga, Lake Algeria  

Toshka Project, Reservoirs Egypt  

Victoria, Lake Tanzania/Uganda/Kenya 68800 84

Source: WorldLakes 2004

* See appendix for more statistics.
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Figure 1.2: Satellite image showing the Great Lakes 
of Africa. This image vividly shows the major lakes 
of eastern Africa as they twist down the two arms of 
the Great Rift Valley in nine countries in East and 
Central Africa. The Great Lakes of Africa include 
some of the largest and most ecologically diverse 
freshwater systems on the planet. Eight of the 15 
lakes in this region are ranked as ‘Great Lakes’ – a 
testimony to their size and depth. Lake Victoria is 
ranked as the second-largest freshwater lake in the 
world, and Lake Tanganyika as one of the deepest.
Source: http://www.nationmaster.com/encyclopedia/Lake-Victoria.



6

UNEP/NASA

6



7

A frica’s lakes are among the most 
heavily exploited of all the conti-
nent’s freshwater resources. With 

human populations continuing to grow, 
this pressure shows no sign of abating. 
While some countries may have high an-
nual averages of available water per 
capita, many already face water stress—
1 700 m3 (2 223 cubic yards) or less per 
person annually—or scarcity conditions —
1 000 m3 (1 308 cubic yards) or less per 
person—(UNEP 1999). At present, 14 
African countries are subject to water stress 
or scarcity, with those in Northern Africa 
facing the most pressure with 11 more 
countries  expected to join them within the 
next 25 years (Hinrichsen 1997).

Freshwater fi sheries are the main 
source of income and protein for millions 
of African people. The annual freshwater 
fi sh catch is estimated at about 1.4 mil-
lion tonnes, with Egypt alone contributing 
about 14 per cent (UNEP 1999). However, 
the damming of the Nile, and the disposal 
of untreated sewage and industrial effl u-
ents, has endangered fi sh species and re-
duced the catch in many regions, including 
the Nile Delta and Lake Chad (Hinrichsen 
1997). The introduction of exotic fi sh spe-
cies into Africa’s lakes has also reduced the 
number and size of indigenous fi sh popula-
tions – the most notable example being the 
impact of the Nile Perch (Lates niloticus) 
on the Tilapia (Oreochromis spp.) and 
other indigenous species in Lake Victoria.

The health of a lake is intrinsically 
linked to its watershed, and to changes 
made to the landscape. Over-extraction of 
water and diversions from rivers that feed 
lakes have been compounded by pollution 
and sedimentation. Many lakes also sup-
port extensive fi sheries, with accompanying 
problems of stock depletion and invasive 
species. Meaningful long-term improve-
ments in lakes can only result from a com-
prehensive look at their entire watersheds 
or basins.

Reservoirs serve many different and 
diverse functions. They improve water 
supplies for irrigation and for households, 
provide power, mitigate fl oods, and reduce 
dependence upon fossil fuels through the 
generation of hydroelectric power. The 
meeting of the combined needs of water 
and energy from dams and reservoirs must 
be balanced by the minimising and miti-
gating of their adverse environmental and 
social impacts.

Lakes also play a critical role in meeting 
the United Nations’ Millennium Devel-
opment Goals (MDGs) (IUCN 2004) as 
shown in Table 2.1.

Wetlands are defi ned as areas that are 
regularly saturated by surface water or 
groundwater, and are characterised by veg-
etation that is adapted for life in saturated 
soil conditions. They include swamps, bogs, 
fens, marshes and estuaries (USEPA 1994), 
and they generally support a rich biological 
diversity with many endemic and rare fl ora 
and fauna. Wetlands are found in most 
African countries. The largest include the 
Okavango Delta, the Sudd in the Upper 
Nile, Lake Victoria and Chad basins, and 
the fl oodplains and deltas of the Congo, 
Niger and Zambezi rivers. Despite being 
among the most biologically productive 
ecosystems on the continent, wetlands are 
often regarded, locally, either as wasteland, 
habitats for pests and a threat to public 
health, or as potential areas for agriculture. 
As a result, many wetlands are being lost 

due to increasing pollution or conversion 
to agricultural use.

During the past two decades, Niger has 
lost more than 80 per cent of its freshwater 
wetlands (Niger Ministry of Environment 
and Hydraulics 1997). Coastal wetlands in 
Egypt and Tunisia and freshwater wetlands 
in the Sudan are also under increasing 
threat. Freshwater ecosystems found in 
lakes, rivers and wetlands may be the most 
endangered ecosystems of all. They have al-
ready lost a greater proportion of their spe-
cies and habitats than terrestrial or marine 
ecosystems, and are in danger of further 
losses due to damming, pollution, over-fi sh-
ing, and other threats (WRI, UNEP, UNDP 
and WB 1998).

Rising demands for increasingly scarce 
freshwater resources are leading to grow-
ing concerns about future access to these 
resources – particularly where they are 
shared between countries. Two or more 
countries share about 50 rivers in Africa. 
Access to water from any of these rivers 

2People and Lakes
Human Infl uences on Africa’s Lakes

Figure 2.1: Predicted water stress and water scarcity in 2025 Source: UNEP 1999

water scarcity in 2025
less than 1 000 m3/person/year

water stress in 2025
1 000 to 1 700 m3/person/year
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could provoke confl ict, particularly in the 
Nile, Niger, Volta and Zambezi basins (Hin-
richsen 1997).

As in other dry regions, agriculture is 
the largest user of fresh water in Africa, 
accounting for an estimated 88 per cent 
of total water use (WRI, UNEP, UNDP 
and WB 1998). However, with only six per 
cent of cropland under irrigation, there 
remains considerable potential to increase 
food production through irrigation, and  
water demand for irrigation will inevitably 
continue to grow. Some 40-60 per cent of 
the region’s irrigation water is currently 
lost through seepage and evaporation. This 

contributes to serious environmental prob-
lems such as soil salinisation and waterlog-
ging, although water ‘lost’ in this way may 
end up in aquifers where it can be pumped 
to irrigate nearby fi elds.

2.1 Population
Africa’s population is expected to grow 
by 2.21 per cent from 2005-2010, and the 
growth rate is expected to decline by 1.8 
per cent from 2020-2025. This compares to 
expected world population growth of 1.2 
per cent from 2005-2010, and 0.8 per cent 
growth from 2020-2025. Increasing popula-
tions and corresponding water shortages 

will exacerbate the challenges the conti-
nent faces in the third millennium, 
giving rise to an ever-greater need for 
regional cooperation in addressing water-
related issues.

According to Harden (1968), Africa’s 
growing population is the major cause of 
the degradation and pollution of most 
of the continent’s lakes. Harden’s theory 
appears to have stood the test of time, as 
high population increases continue to have 
negative impacts on most of Africa’s lakes 
(Figure 2.2).

Figure 2.2: Africa population density changes. a) 1960s  b) 2000sa) b)

Source: CIESIN

Flamingos—Kenya Unknown/UNEP/Program for Global Environmental Teachings
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2.2 Mainstreaming Culture and 
Tradition in the Management of 
Africa’s Lakes
More than 3 000 ethnic groups, cultures 
and languages reside on the African conti-
nent. The tremendous beauty of its natural 
resources, its modern urban centres, its 
great mineral wealth, and its ancient cul-
tures all establish that Africa has much to 
offer the world.

Although African cultures are not het-
erogeneous, many attach strong religious 
or spiritual signifi cance to large water 
bodies such as lakes. Across Africa, people 

refer to water by evocative names such 
as Mvura, Maji and Woha, which can all 
basically be translated as a thing that does 
something signifi cant, causes something to 
be— “the fl uid of creation.”

Lakes are also signifi cant repositories 
of natural and human history, with ancient 
local political centres often arising on or 
near their shores. Specifi c lifestyles based 
entirely on lakes and their resources have 
developed in many locations, for example 
the ancient indigenous cultures that have 
sprung up around Ethiopia’s Lake 
Tana basin.

Many Africans believe that water is a 
living entity, controlling the life forces 
of every bird, fi sh and other creature. As 
such, major freshwater lakes engender 
signifi cant respect. Older cultures hold 
that pollution occurs in a river upstream, 
the water gods will become angry and dry 
up lakes or cause fl ooding. The Tonga 
people of Zambia believe that fl oods in 
Lake Kariba are the result of the anger of 
the water snake, Nyaminyami. They cel-
ebrate the lake’s natural rhythm through 
poems, songs, dances, and other events in 
their daily lives. The pattern of Lake Kariba 
is the pattern of life in Zambia, and if that 

Figure 2.3: Lakes and population dynamics 

Lake Victoria, Kenya
Population growth around Lake Victoria, 
Kenya, is signifi cantly higher than in the rest 
of Africa because of the wealth of natural 
resources and economic benefi ts the lake re-
gion offers. Note the increase in population 
in a 100-km (62-mile) buffer zone around 
Lake Victoria between 1960 and 2000. Dur-
ing each decade, population growth within 
this zone outpaced the continental average.

Ed Simpson/UNEP/PhotoSpin

Water

Low (<25)

Medium (25–100)

High (>100)

Population Density
(people/km2)

Source: UNEP/GRID–Sioux Falls

Population Dynamics
Growth. Migration. Density. Distribution. Urbanization. 
Morbidity. Mortality.

Water Use
Agriculture production. Industry. Household use. 
Sanitation & waste disposal. Hydroelectricity. 
Fish farming.

Environment Outcomes
Depletion of surface & groundwater. Water pollution. 
Land degradation. Ecosystem  degradation. Decline of 
fisheries. Disruptions to the hydrological cycle.

Human Outcome
Food shortage. Water-borne illness. Social & political 
instability. Conflicts over water. Economic growth or 
decline. Population displacement.

Modifi ed from SARDC
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pattern is damaged through the unsustain-
able use of its water, the whole web of life 
in the country will begin to unravel.

Many African cultures also have natural 
totems, some of which are linked to aquatic 
species such as fi sh or crocodiles. People 
who identify themselves with a certain 

water species are not allowed to eat it or 
exploit it in any other way (Chenje 2000). 
Lakes that are regarded as holy or sacred 
often boast the greatest diversity of aquatic 
life, as exploitation of their resources is 
regarded as taboo or as a sin to the gods of 
water or lakes.

Lake water is also used for medicinal 
purposes by some traditional healers, who 
believe that drinking or bathing in it can 
remove human misfortunes. The ‘holy’ 
attributes of lake water, its use in baptisms 
or for exorcising evil spirits, also indirectly 
help in the conservation of lakes. However, 
due to globalisation and the gradual ero-
sion of traditional African cultures, such 
beliefs are dying out – and with them tra-
ditional controls over the exploitation and 
pollution of these large water bodies.

Gender differences also have an impact 
on the utilisation of Africa’s lakes and their 
natural resources (Nakijoba 1996; Nanju-
nya 2001). Degradation of resources tends 
to affect men and women differently, as 
evidenced by the impact of the reclama-
tion of the Nakivubo Wetlands around 
Lake Victoria. Declining wetland resources 
affect women more adversely as they tend 
to utilise them more than men for their 
households’ food and medicinal resources 
(Nakijoba 1996). There is a clear emerging 
need to mainstream gender and culture in 
the sustainable management and utilisa-
tion of Africa’s lake resources.

2.3 Human Health – Water for 
Health: Taking Charge
“Improving water management is a powerful 
tool that can be used by individuals, communi-
ties and households to protect their own health.” 
– Dr. Gro Harlem Brundtland, Director-General of 
the World Health Organisation

Water-related diseases are among the 
most common causes of illness and death, 
particularly among poor communities in 
developing countries. Such diseases kill 
more than fi ve million people each year —
more than ten times the number killed in 
wars. They can be divided into four cat-
egories: water-borne, water-based, water-
related, and water-scarce diseases. These 
diseases are very common among commu-

Figure 2.4: Lake Tana, Ethiopia: Source of the Blue Nile. Lake Tana is an important cultural heritage site 
for the people of Ethiopia, with its islands housing some 20 monasteries—one of which is said to be the 
fi nal resting-place of the Ark of the Covenant. Every year, thousands of Ethiopians and other pilgrims visit 
the lake, seeking divine healing from its holy waters. Credit: UNEP/GRID–Sioux Falls

Kenneth M. Gale/UNEP/Forestry ImagesAngels’ Flight over Victoria Falls, Zambezi River.  
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Table 2.1 Human well-being in Africa

Country Total  Total  Mortality  Life    Health-Adjusted Adults Ages    Access to Improved
 Population Fertility Rate Under Age 5  expectancy  Life Expectancy 15-49 Living Sanitation  (% of 
 (thousands) (children per  (per 1000  at birth (years) With HIV population) 2000
  woman) live births) (years)  or AIDS (%)

 2002 2000-2005  2000 2000-2005 2000 2001 Urban  Rural 

WORLD  6211082 2.7 83 66 57 1.2 85 40

Algeria  31403 2.8 65 70.2 58.4 0.1 99 81

Angola  13936 7.2 295 45.8 36.9 5.5 70 30

Benin  6629 5.7 154 54 42.5 3.6 46 6

Botswana  1564 3.9 101 36.1 37.3 38.8 88 43

Burkina Faso  12207 6.8 198 48 34.8 6.5 39 27

Burundi  6688 6.8 190 40.6 33.4 8.3 68 90

Cameroon  15535 4.7 154 50 40.4 11.8 92 66

Central African Rep  3844 4.9 180 44.3 34.1 12.9 38 16

Chad  8390 6.6 198 46.2 39.3 3.6 81 13

Congo  3206 6.3 108 51.6 42.6 7.2 14 .. 

Congo, Dem Rep  54275 6.7 207 52.1 34.4 4.9 54 6

Côte d’Ivoire  16691 4.6 173 47.9 39 9.7 71 35

Egypt  70278 2.9 43 68.3 57.1 <0.1  100 96

Equatorial Guinea  483 5.9 156 52 44.8 3.4 60 46

Eritrea  3993 5.3 114 52.4 41 2.8 66 1

Ethiopia  66040 6.8 174 43.3 35.4 6.4 33 7

Gabon  1293 5.4 90 52.9 46.6 ..  55 43

Gambia  1371 4.8 128 47.1 46.9 1.6 41 35

Ghana  20176 4.2 102 57.2 46.7 3 74 70

Guinea  8381 5.8 175 48.5 40.3 ..  94 41

Guinea-Bissau  1257 6 215 45.4 36.6 2.8 95 44

Kenya  31904 4.2 120 49.3 40.7 15 96 82

Lesotho  2076 4.4 133 40.2 35.3 31 72 40

Liberia  3298 6.8 235 55.6 37.8 ..  ..  .. 

Madagascar  16913 5.7 139 53.6 42.9 0.3 70 30

Malawi  11828 6.3 188 39.3 30.9 15 96 70

Mali  12019 7 233 52.1 34.4 1.7 93 58

Mauritania  2830 6 183 52.5 41.4 ..  44 19

Morocco  30988 3 46 68.6 54.9 0.1 86 44

Mozambique  18986 5.9 200 38 31.3 13 68 26

Namibia  1819 4.9 69 44.3 35.6 22.5 96 17

Niger  11641 8 270 46.2 33.1 ..  79 5

Nigeria  120047 5.4 184 52.1 41.6 5.8 66 45

Rwanda  8148 5.8 187 40.9 31.9 8.9 12 8

Senegal  9908 5.1 139 54.3 44.8 0.5 94 48

Sierra Leone  4814 6.5 316 40.5 29.5 7 88 53

Somalia  9557 7.2 225 48.9 35.1 1 ..  .. 

South Africa  44202 2.8 70 47.4 43.2 20.1 93 80

Sudan  32559 4.5 108 57 45 2.6 87 48

Tanzania, United Rep  36820 5 165 51.1 38.1 7.8 99 86

Togo  4779 5.4 142 52.2 42.7 6 69 17

Tunisia  9670 2.1 28 70.9 61.4 ..  96 62

Uganda  24780 7.1 127 46 35.7 5 93 77

Zambia  10872 5.7 202 42.2 33 21.5 99 64

Zimbabwe  13076 4.5 117 42.8 38.8 33.7 71 57

Source: WRI 2004
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nities living close to lakes in Africa.

The most common water-borne dis-
eases—cholera, dysentery, typhoid and 
hepatitis—are among the greatest emerg-
ing and re-emerging infectious diseases, 
contributing up to 70-80 per cent of all 
health problems in developing countries. 
Their causative agents may be bacterial or 
viral in nature and generally have endemic 
and epidemic periods. The burden of 
these diseases is felt in almost every Afri-
can country—particularly those with large 
water bodies like lakes.

More than half of Africa’s people lack 
access to safe drinking water, leaving them 
vulnerable to water-borne diseases. Whatev-
er the quality, water is often in short supply. 
In rural Africa, people use four to nine gal-
lons of water a day per person for domestic 
purposes, and much of this is untreated 
water drawn directly from rivers or lakes.

Food production also suffers from 
major water shortages. Of all the renewable 
water available in Africa each year, only 
four per cent is actually used, because most 
Africans lack the wells, canals, pumps, res-
ervoirs and other irrigation systems needed 
to make use of potential water supplies 
from their lakes.

Point and non-point source pollution 
of surface and ground water also poses a 
major threat to public health, coming not 
only from human waste but also from agri-
cultural runoff, waste dumps, mining and 
industry. For example:

•  High concentrations of nitrates from 
agriculture in drinking water result in 
oxygen-starvation in the brain. This is 
especially dangerous for babies;

•  Benzene, a component of petrol, is 
carcinogenic (cancer-causing);

•  Most heavy metals are toxic. For ex-

ample, arsenic is carcinogenic, lead 
damages the nervous system, cadmium 
results in kidney problems, and chro-
mium can cause severe skin reactions;

•  Most organic components of products 
like pesticides, tar and solvents are 
toxic; they can lead to kidney and liver 
problems, heart problems, damage to 
the nervous system, cancer, and 
skin problems.

Ensuring access to safe fresh water is 
imperative. Water is an economic issue as it 
is essential for agriculture, food and energy 
production, as well as for recreation. In 
the developing world, it is a women’s issue 
as women have the primary responsibil-
ity for domestic water collection. Time 

spent gathering water robs women and 
girls of time for education or for engaging 
in meaningful work. It is also, of course, 
a children’s issue as water is essential for 
healthy development. It is estimated that a 
child dies every eight seconds from water-
borne diseases.

It is clear that the proper management 
of waste disposal into lakes is critical in 
order to ensure the health and wellbe-
ing of African communities. The use of 
dichlorodiphenyltrichloroethane (DDT) 
to control malaria around many lakes can 
also threaten people’s health due to its 
environmental persistence and ability to 
bioaccumulate, especially in higher ani-
mals. Signifi cant amounts of DDT have 
been discovered in fi sh in Lake Kariba, 
which are believed to be the major cause of 
the death of fi sh-eating birds. Of particu-
lar concern is DDT’s potential to mimic 
hormones and thereby disrupt endocrine 
systems in wildlife and people.

Some lakes in Africa contain large 
amounts of carbon dioxide (CO2), which 
when released can be fatal to people and 
animals. Lake Nyos is one of Africa’s best-
known “killer lakes.” On 21 August 1986, 
the lake released a large cloud of CO2, 
which fl owed down neighbouring valleys, 
travelling as far as 26 kilometres (16 miles) 
from the lakeshore. The cloud reportedly 
moved fast enough to fl atten much of the 
vegetation in its path, including several 
trees. A total of 1 746 people suffocated, 
while an additional 845 people had to 
be hospitalised.

2.4 Recreation and Tourism

Figure 2.6: Lake Nyos in Cameroon. In August 1986, a cloud of carbon dioxide gas from the lake killed more 
than 1 700 people and several animals within a 25 km (16 mile) radius (USGS 1986). Credit: Jack Lockwood

Figure 2.5: Median per cent of wastewater treated by effective treatment plants  Source: WHO 2001

100

75

50

25

0

35

14

0 0

66

90

Africa Asia Latin America
& the Carribbean

North
America

Oceania Europe



13

Nature-based tourism is one of Africa’s fast-
est-growing industries, with a growth rate 
of nearly seven per cent in international 
visitor arrivals between 2004 and 2005. As 
well as national parks and wildlife reserves, 
lakes provide some of the continent’s 
most important fl ora and fauna areas and 
recreation destinations. Some lakes, such 
as Lake Malawi and the St. Lucia wetlands, 
are also protected as World Heritage Sites 
under the World Heritage Convention of 
1975 (Chenje 2000). Visitors come to these 
lakes to enjoy boating and watersports, as 
well as to witness the remarkable range of 
freshwater and inland biodiversity that 
they support.

Ecotourism has also increased environ-
mental conservation as people struggle 
to maintain Africa’s lakes in their natural 
state as a way to sustain local tourism activi-
ties. Many riparian states have gazetted 
conservation areas and enacted strict laws 
to protect wildlife and plant life around 
their lakes. Elephants, which were about 
to face extinction, have increased around 
Lake Tanganyika and Lake Kariba as tour-
ists seek them out. The establishment of 
game parks around lakes is a strategy that 
allows tourists to see many different kinds 
of animals in one location (IUCN 2004). 
African lakes also house about 500 differ-
ent aquatic species, creating the potential 
for sustainable fi shing activities.

Despite all these opportunities, howev-
er, increasing tourism can also have nega-
tive impacts. Without proper management 
and regulation, growing tourist facilities, 
roads and other infrastructure can wreak 
havoc on fragile freshwater environments. 
A rapid increase in visitor numbers can 
render lakeside developments environ-
mentally unsound —and negatively impact 
the very creatures that brought people 
there in the fi rst place. Areas within easy 
reach of large population centres are par-

ticularly under threat.

Even apparently harmless activities 
such as boating and rafting can pose a 

threat to fragile lake environments. The 
growing number of boats on Lake Kariba, 
for example, is increasing oil and fuel 
pollution of the lake waters – both from ac-

Figure 2.7: According to scientists, climate change in East Africa is harming Lake Tanganyika’s ecosystem, 
decreasing fi sh stocks by as much as 30 percent over the past 80 years. Lake Tanganyika is large and deep, 
fi lling the chasm of a rift valley bordering the Democratic Republic of Congo, Tanzania, Zambia and Bu-
rundi. An ecosystem unto itself, the lake supports many types of fi sh. Only a few species are eaten by people, 
yet they supply 25 to 40 per cent of the animal protein for the communities of that region. Recently, the fi sh 
supplies have diminished, and catches are shrinking (NASA 2003). Credit: UNEP/GRID–Sioux Falls

Lake Tanganyika Science Museum of Minnesota/UNEP/Wildchimpanzees.org

13



14

Table 2.2: Examples of the link between MDGs and environment in Africa’s Lakes

Eradicate extreme poverty and hunger Livelihood strategies and food security of people often depend directly on healthy 
 ecosystems and the diversity of goods and ecological services they provide.

Achieve universal primary education Time spent collecting water and fuelwood by children, especially girls, can reduce time 
 at school.

Promote gender equality  Women are especially exposed to indoor air pollution, have the burden of collecting 
empower women water and fuelwood, and have unequal access to land and other natural resources.

Reduce child mortality Water-related diseases such as diarrhea and cholera kill an estimated three million   
 people a year in developing countries, the majority of which are children under the age   
 of fi ve.

Improve maternal health Indoor air pollution and carrying heavy loads of water and fuelwood adversely 
 affect  women’s health and can make women less fi t for childbirth and at greater risk of   
 complications during pregnancy.

Combat major diseases A large proportion of total burden of diseases in Africa’s Lakes may be associated with 
 environmental risk factors. Preventive environmental health measures are as important   
 and at times more cost-effective than health treatment.

Ensure environmental sustainability Current trends in environmental degradation in Africa’s lake basins must be reversed   
 in order to sustain the health and productivity of the basins’ ecosystems.

Develop a global partnership Too many developing countries are spending more on debt service than on social 
for development services. The aim is to build coalitions for action and help governments set priorities 
 and use resources, including water resources, more effectively.
 
Source: IUCN 2004

cidental leakages and the deliberate dump-
ing of waste oil into the lake. Oil reduces 
the water quality, and can be fatal to many 
aquatic animal and plant species.

Likewise, noise pollution and the wave 
action of motorboats can harm riverbanks 
and, over time, cause irreparable damage 
to their micro-ecology. There is mounting 
concern about the impact of sport angling 
on certain game-fi sh species, as well as the 
effects of introducing alien species such as 
trout and bass, which are favoured 
by anglers.

At Lake Kariba, concerns are growing 
over the impact of sewage discharges from 
local lodges and settlements, siltation from 
erosion caused by riverbank disturbance, 
overexploitation of wetland resources such 
as reeds and fi sh, and pollution by fuels 
and pesticides. All of these factors pose a 
signifi cant threat to the fl ora and fauna 
upon which the lake’s tourism industry 
is based.

The souvenir or curio industry has 

developed as a byproduct of tourism and is 
a big consumer of indigenous hardwoods. 
The over-harvesting of large and increas-
ingly rare indigenous trees is occurring—
unsustainably, and often illegally—in many 
parts of Africa where tourism is thriving. 
The World Wide Fund for Nature recently 
estimated that nearly 250 m3 (327 cubic 
yards) of wood is carved per year 
(WWF 2005).

2.5 Fishing
Fishing is vital to Africa, supporting annual 
exports worth about US$3 000 million. 
Fish is crucial to the health of 200 million 
Africans, providing a source of inexpensive 
protein, and income for over 10 million 
people engaged in fi sh production, pro-
cessing and trade. The fi shing sector also 
plays an important role in the alleviation of 
poverty and general food security in Africa. 
In Malawi, the FAO states that 70 per cent 
of dietary animal protein is derived from 
fi sh, and the fi shing sector constitutes a 

major source of income and livelihood for 
more than 300 000 people.

Lakes in Africa support 16-17 per cent 
of inland fi sheries (Sithole 2000). Across 
much of the continent, lake fi sheries 
provide an important source of food and 
livelihood for millions of people. Yet these 
benefi ts are at risk as the exploitation of 
natural fi sh stocks is reaching its limit and 
aquaculture production has not yet ful-
fi lled its potential (FAO 2004). 

Table 2.2 shows the link between Mil-
lennium Development Goals and fi sheries 
in Africa. It is important to note that the 
sound management of Africa’s fi sheries 
is vital if these Millennium Development 
Goals are to be attained. This includes the 
integrated management of all major fresh-
water bodies, including lakes.

African lakes are among the largest and 
most ecologically diverse on Earth—but 
are also among its most endangered water 
systems. Population densities are higher 
along the shores of Lakes Tanganyika, 

Box 2.1: Economic Value of Some Lake Fisheries

• More than 60 per cent of the fi sh consumed in Tanzania comes 
from inland fi sheries, and about 60 per cent of the protein in-
take in Malawi comes from freshwater fi sh.

• The creation of Lake Kariba produced a viable regional fi shery 
in an area in which freshwater fi sh were previously absent from 
the diet of Zimbabweans.

• Lake Victoria generates an annual GDP of US$3 000–4 000 mil-
lion, providing more than 25 000 people with an annual income 
of US$90-270 per capita.

• The eutrophication of Lake Chivero threatens the health and 
livelihoods of nearly three million inhabitants in the greater 
Harare/Norton urban areas, and has caused the virtual collapse 
of a once-thriving fi shing industry.

Source: ILEC 2003

R. Cannarsa/UNEP/FAOHarvesting fi sh in a pond after periodical drainage.
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Victoria and Malawi. With four of Africa’s 
Great Lakes on its borders, Uganda ranks 
as one of the world’s largest producers of 
freshwater fi sh. But pollution, the intro-
duction of non-native fi sh, and over-fi shing 
have all taken a heavy toll on these waters.

Africa’s fi shing sector urgently needs 
strategic investments to safeguard its future 
contribution to poverty alleviation and 
regional economic development. Broadly, 
Africa needs investments to (i) improve the 
management of natural fi sh stocks, (ii) de-
velop aquaculture production, and (iii) en-
hance fi sh trade in domestic, regional and 
global markets. In support of this invest-
ment, capacity needs to be strengthened 
at both the regional and national levels for 

research, technology transfer and policy 
development. As a fi rst step, stakeholders 
in the region need to build a common and 
strategic understanding of the importance 
of fi sheries and aquaculture for Africa’s 
development and of the challenges being 
faced by the sector.

The New Partnership for Africa’s De-
velopment (NEPAD) is taking the lead in 
developing regional priorities for future 
investments in fi sheries and aquaculture as 
part of its wider agriculture programme. 
Following an invitation from President 
Olusegun Obasanjo of Nigeria, the World-
Fish Center and the FAO are supporting 
NEPAD in developing an integrated ap-
proach for the sustainable management of 

fi sheries in Africa’s lakes. This is critical, 
as poor fi shing habits are still known to be 
poisoning large water bodies in most Afri-
can countries.

2.6 Water Withdrawal 
and Irrigation
On the African continent as a whole, 85 
per cent of water withdrawals are used for 
agriculture—and the percentage is even 
higher in sub-Saharan Africa (Table 2.3). 
Sub-Saharan Africa lags far behind the rest 
of the world in the proportion of irrigated 
arable land to its contribution to the total 
food supply. In North Africa, 11 per cent of 
the land is irrigated (excluding Egypt’s 100 

A. R. Turton/UNEP/SAOS

Table 2.3: Summary results of agricultural water use and comparison with water resources 

Region Total renewable Irrigation water  Water  Water withdrawal  Water withdrawal  
 water resources requirements   requirement for agriculture as percentage 
 (km3) (km3) ratio (km3) of renewable
     water resources 

Latin America 13 409 45 24% 187 1%

Near East and North Africa 541 109 40% 274 51%

Sub-Saharan Africa 3 518 31 32% 97 3%

East Asia 8 609 232 34% 693 8%

South Asia 2 469 397 44% 895 36%

90 developing countries 28 545 814 38% 2 146 8%

Source: FAO 2005, AGL 2005

A hydropower station in Lake Kariba
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per cent), whereas in sub-Saharan Africa, 
it is only 3.5 per cent of total cropped land 
(FAO 1986a, b, c). In North Africa, 3.4 mil-
lion ha are irrigated by large-scale systems, 
whereas in sub-Saharan Africa, half of the 
5.3 million ha is irrigated by large- and 
medium-scale systems; the other half is by 
small-scale systems. In terms of value, ir-
rigation is responsible for an estimated 33 
and nine per cent of the crops produced 
in North Africa and sub-Saharan Africa re-
spectively (Yudelman 1994). In those areas, 
the water withdrawn for agriculture from 
the hydrologic system may represent a sig-
nifi cant part of the total water resources.

The ways in which freshwater resources 
are used for agriculture leave much to be 
desired. In some places, water use exceeds 
renewable supply rates and cannot be 
indefi nitely continued. Elsewhere, overuse 
in one area deprives users in other areas, 
leading to agricultural production de-
creases and the loss of jobs. Misuse occurs 
where water is returned to the water system 
in an unusable state. Used irrigation water 
is often contaminated with salts, pesticides 
and herbicides.

Irrigation from lakes can also jeop-
ardise aquatic ecosystems such as wetlands, 
leading to losses in their productivity and 
biodiversity. This has important implica-

tions for people who depend upon the ma-
jor inland fi sheries that such areas support. 
Wetlands serve as natural fi lters that have 
historically been responsible for cleaning 
up much of the world’s wastewater. Where 
they have been eliminated in the name of 
irrigation, the results are usually regretted.

A positive impact is that highly produc-
tive irrigation of a small area can often 
replace the use of a much larger area of 
marginal land for growing crops. Improv-
ing the environmental performance of 
irrigation projects is important for their 
long-term sustainability.

2.7 Aquatic Biodiversity 
and Habitats
Lakes provide critical habitat for an amaz-
ing array of plants and animals, including 
bacteria, fungi, algae, plankton, mussels, 

Biodiversity in lake Malawi 
Unknown/UNEP/Tourismmalawi

Figure 2.8: Biodiversity hotspots of Africa 

Golden crowned cranes (Balearica regulorum), Uganda. William 
M. Ciesla/UNEP/Forest Health Management International, www.
forestryimages.org.

Figure 2.9: A satellite image of Lake Malawi, which 
occupies one-fi fth of its country’s total area. The 
lake drains an area larger than Malawi itself, yet  
surprisingly, only one river—the Shire—fl ows from 
it. The lake has one of the highest diversities of 
freshwater tropical fi sh in the world, some of which 
are only found here. Fishing for salmon, bream, bass 
and tigerfi sh are popular here, as are snorkelling and 
diving. The 587 km (365 mile) long, 84 km (52 mile) 
wide lake—often called the “calendar lake” —is the 
third largest in Africa, and the ninth largest in 
the world. Credit: UNEP/GRID–Sioux Falls

Source: Conservation International 2005
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snails, crustaceans, insects, fi sh, amphib-
ians, reptiles, birds and mammals. Despite 
their importance, however, lakes continue 
to be fairly invisible on the global conser-
vation screen. Lakes and their watersheds 
are dramatically underrepresented both 
in protected areas and in the signifi cance 
of the aquatic biodiversity they hold. Many 
African lakes boast some of the world’s 
richest freshwater ecosystems, harbour-
ing a broad diversity of endemic species 
that exist nowhere else on Earth. They are 
often surrounded by wetlands that store 
signifi cant volumes of fresh water, as well as 

serving as vital habitats for endemic wildlife 
and transit-points for migratory species.

Lake Victoria is home to more than 300 
endemic species, Lake Tanganyika 140, 
and Lake Malawi nearly 500. Lake Malawi 
provides over 60 per cent of the animal 
protein consumed by the country’s entire 
population. Such fi gures demonstrate the 
major ‘natural capital’ generated by Afri-
ca’s lakes – the broad range of social, eco-
nomic, ecological and hydrological func-
tions on which people, especially the poor, 
often directly depend. Understanding the 
full range of benefi ts and services provided 

by these aquatic ecosystems is critical to the 
conservation of the continent’s lakes.

As biodiversity ‘hotspots’ – regions of 
the Earth with vitally important but critical-
ly endangered biodiversity – Africa’s lakes 
and wetlands share high concentrations of 
unique plant and animal species and high 
degrees of threat. Although they are clearly 
of great regional importance to livelihoods 
and economies, development activities are 
not always compatible with the conserva-
tion of their biodiversity. One of the main 
reasons for the inadequate representation 
of biodiversity in development planning 
processes is a widespread lack of readily 
available information on the status and 
distribution of inland water taxa.

Pollution and sedimentation, as well as 
the introduction of invasive species, pose 
the greatest threat to the aquatic biodiver-
sity of Africa’s lakes. On a basic level, activi-
ties that infl uence aquatic environments 
and biological systems, like forest clearing, 
the burning of fossil fuels, agricultural pol-
lution and soil loss, lead to greater emis-
sions of carbon dioxide and an increase 
in global warming. The impacts of climate 
change are projected to accelerate aquatic 
plant and animal population losses and the 
extinction of a wide range of species and 
ecosystems. Some of those lakes richest in 
aquatic biodiversity are already being af-
fected, most notably Lake Victoria and the 
Okavango Delta. It is estimated that at least 
30 per cent of freshwater fi sh and over 800 
other freshwater species are on the brink 
of extinction in Africa’s lakes (IUCN 2002).

Box 2.2:  Alien Invasion: the Nile Perch of Lake Victoria

Nile Perch (Lates niloticus) were introduced into Lake Victoria in the mid-1950s, with 
the goal of boosting local fi sheries production. With a voracious appetite for other 
fi sh, the perch decimated the lake’s 350 native fi sh species, reducing the number to 
less than 50 according to some estimates. In short order, it worked its way to the top 
of the lake’s food chain. 

The nile perch can grow to enormous sizes. Typical commercial specimens range 
from 3-6 kg (7-13 lbs), but the fi sh can grow to 1.8 m (6 ft) and weigh over 90 kg 
(200 lbs). Because of the fi sh’s large size, the nature of indigenous fi sheries has also 
changed. While the native lake fi sh were much smaller and ideal for sun drying, the 
larger perch require factory processing. 

An unusually large Nile perch, netted near a fi shing village along the White Nile in southern Sudan. The fi sh is often dried, salted and exported to 
neighbouring countries. 

Figure 2.10: A satellite image of Lake St. Lucia. St. 
Lucia Lake is part of the St. Lucia estuarine system, 
the largest estuarine system in Africa. Like other es-
tuaries, the level and salinity of the lower reaches of 
St. Lucia especially varies with the infl ow of freshwa-
ter from several rivers and with the ebb and fl ow of 
marine tides. It also is most of biodiversity rich lake 
in Southern Africa. In some years, the water’s salin-
ity has risen to three times the level of sea water in 
northern parts of the lake, causing mass die-offs of 
aquatic plants and animals. Credit: UNEP/GRID–Sioux Falls

Sudanese Gov./UNEP/FAO
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2.8 Transboundary Lakes and
Water Resources Issues
Africa has some 80-transboundary river and 
lake basins, and the catchments areas of the 
17 largest exceed 100 000 square kilometers 
(24 710 538 acre) each (UNU n.d.).  There 
are 15 principal lakes and 24 principal wa-
tersheds that cross the political boundaries 
of two or more countries in Africa (Figures 
2.14 and 2.15). Almost all the landmass falls 
within transboundary river and lake basins 
in 14 African countries (UNU n.d.).  These 
international basins cover 45.3 per cent of 
the continent’s land surface, affect about 40 
per cent of its population, and account for 
approximately 60 per cent of global river 
fl ows (Wolf et al. 1999).

The main challenge in water resources 
management is to create an enabling 
environment that encourages joint manage-
ment of transboundary water resources.  
Agenda 21, the plan of action adopted at 
the United Nations Conference on Environ-
ment and Development (UNCED) in Rio 
de Janeiro in 1992, recognized the great 
signifi cance of transboundary water re-
sources and their use by riparian states, and 
called for cooperation among those states 
for integrated approaches to the develop-
ment, management and use of their trans-
boundary freshwater resources.  Water is 

Figure 2.11: Timeline of transboundary agreements and river basin organizations in Africa, 1890–2000 

Box 2.3: Impacts of Lake Sedimentation in 
Lake Baringo (Kenya)

Until the mid-1979s, Lake Baringo was very rich in biodiver-
sity. Growing human and livestock populations, drainage basin 
destruction, indiscriminate cutting of forests and charcoal 
burning, and poaching have since reduced this richness. For 
example, although there were seven rivers continuously fl owing 
into the lake in the mid-1970s, only one river now fl ows into the 
lake during all seasons. It is estimated that fi ve million cubic 
metres (6.5 million cubic yards) of sediment are currently be-
ing deposited into the lake each year from the drainage basin. 
The combination of reduced infl ows and increased sediment 

loads has reduced the depth of the lake from about 8.9 metres 
(29 ft) in the mid-1970s to about 1.9 metres (6 ft) today. It is 
estimated that if the lake continues to accumulate sediment at 
the present rate, it will change dramatically in character within 
the next 20 years, possibly drying up altogether or becoming a 
swamp. The impacts of sedimentation are best illustrated by its 
effects on fi sh biodiversity, with species that contributed to local 
livelihoods (e.g., Sharks [Labeo spp.]) becoming almost ex-
tinct. Depleted fi sh stocks also have had impacts on other biodi-
versity, including fi sh-eating birds, many species of which have 
been signifi cantly reduced since 1980. (Source: ILEC 2003)

 

Source: UNEP 2005

Figure 2.12: Time-series of events of confl ict and cooperation, precipitation 
anomaly, annual mean discharge and the occurrence of natural disasters in the 
Senegal River Basin.  Note: BAR – Basin at Risk; TFDD – Transboundary Fresh-
water Dispute Database; CRU – the Climate Research Unit; GRDC – Global 
Runoff Data Center; OFDA – Offi ce of U.S. Foreign Disaster Assistantance; 
CRED – Center for Research on the Epidemiology of Disasters. 

Source: Wolf et al. 2003
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Figure 2.13: A satellite image of Lake Kariba. It is 
found in the Zimbezi River between the Zambia-Zim-
babwe borders. Although at present water supply 
exceeds demand by far, this situation might change 
in the future due to the possible development of 
water use by the upstream-riparian Angola as civil 
war ends. In addition to ambitious new projects 
and possible further Inter-Basin Transfers threaten 
future water confl icts in the basin. Pollution of Lake 
Kariba by the two countries, Zimbabwe and Zambia, 
is also a seen as future source of confl ict. However, 
there is need for equity and sustainable utilization 
of the lakes resource to avoid confl ict among the 
two countries. Credit: UNEP/GRID–Sioux Falls

identifi ed as a central issue in the Millen-
nium Development Goals, a set of time-
bound and measurable goals and targets 
for combating various environmental 
and development problems adopted by 
heads of state gathered at the UN Millen-
nium Summit in September 2000. Water 
resource management was also high 
on the agenda at the World Summit on 
Sustainable Development (WSSD) held 
in Johannesburg in September 2002 (Rio 
+10).  The importance of management 
of transboundary water systems has also 
been explicitly and concretely recognized 
by the international community, as signi-
fi ed by the establishment of the Con-
vention on the Law of the Non-naviga-
tional Uses of International Watercourses 
adopted by the UN General Assembly in 
1997 after nearly three decades of draft-
ing (Ruphael 2004). 
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3Impacts on Africa’s Lakes 
Case Studies of Africa’s Changing Lakes

For much of our history, human 
impacts on the Earth’s surface have 
been relatively minor. However, 

during the past two centuries, these im-
pacts have grown exponentially. Changes 
brought about by human activities can now 
be objectively measured; many of them 
can even be seen from space. A study by 
the National Aeronautics and Space Ad-
ministration (NASA 2003), known as ‘The 
Human Footprint’, provides a quantitative 
analysis of people’s infl uence across the 
globe – and illustrates the growing impact 
of people and their activities on the Earth 
(UNEP 2005).

While evidence of change is not al-
ways clearly visible on lakes, wetlands and 
coastal environments, human impacts on 
Africa’s lakes can be “seen” by detecting 
and measuring rising water temperatures, 
sediment accumulation, and various chemi-
cal contaminants in their waters. Another 
obvious human impact is the rapid decline 
in fi sh species and numbers in many lakes. 
A recent 10-year study on the ecological 
effects of industrialised fi shing in Africa’s 
lakes found that large predatory fi sh spe-
cies have declined by at least 20 per cent 
from pre-industrial levels (World Resources 
Institute 1994). Furthermore, the average 
size of surviving individuals among these 
species is only one-fi fth to one-half of their 
previous size.

The composition of the Earth’s atmo-
sphere is also undergoing rapid change, 
with subsequent impacts on Africa’s lakes. 
Today, increases in atmospheric concentra-
tions of greenhouse gases are expected to 
cause more rapid changes in the Earth’s 
climate than have been experienced for 
millennia. At least some of the global 
increase is due to human activity, and 
certainly local impacts such as urban ‘heat 
islands’ have profound effects on regional 
climatic conditions, which will in turn im-
pact on Africa’s lakes, wetlands and coastal 
environments. Lakes in Africa are major 
sites for water extraction and waste dispos-
al, often with a negative impact on human 
health. Some contain vast amounts of CO 2, 
which when released can kill thousands 
of people. There is a need for continuing 
assessment and monitoring of these lakes, 

most of which are located in the Great Rift 
region, making them also susceptible to 
earthquakes and volcanic eruptions, which 
can cause fl ooding.

Constant evaluation and reporting on 
the state of Africa’s lakes are critical if they 
and their connected wetlands are to be sus-
tainably managed. Pressures from logging, 
gold-panning, hydropower and other de-
velopments are leading to the conversion 
of large areas of wetlands, with devastating 
implications for their ecological integrity. 
Such developments also have long-term 
implications for the integrity of watersheds, 
rivers and related coastal resources, as well 
as their ability to support complex biodi-
versity.

Several globally signifi cant environ-
mental trends that occurred between 1980 
and 2000 may also be contributing to the 
pollution and degradation of Africa’s lakes, 

including global warming, three intense 
El Niño events, changes in cloudiness and 
monsoon dynamics, and a 9.3 per cent in-
crease in atmospheric CO2. Although these 
factors are thought to exert their infl uence 
globally, their relative roles are still unclear 
and their impacts are likely to be signifi -
cant for African communities whose liveli-
hoods depend upon resources from lakes, 
wetlands and coastal environments.

An observed decline in freshwater fi sh-
eries is one of the more important recent 
challenges to African governments that de-
pend upon the export of aquatic resources 
(although none of the existing surveys can 
accurately simulate this effect). It is known 
that continued reductions in fresh water, if 
accompanied by reduced rainfall, will have 
profound implications for poor communi-
ties that depend upon lake and wetlands 
resources for a living.
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Lake Chad
Persistent droughts and the ravages of a 
rapidly growing human population have 
decimated once the sixth-largest lake in the 
world, Lake Chad—straddling the borders 
of Nigeria, Chad and Cameroon. Over the 
past four decades, the lake’s surface has 
reportedly shrunk from 22 000 km2 (8 494 
square miles)to a meager 300 km2 (115 
square miles). Today, it is hard to reconcile 
the fact that this largely dry lakebed was 
once the second largest wetland in Africa, 
supporting a rich diversity of endemic 
animals and plant life.

Seen from space, the shallow Lake 
Chad is a circular wetland with open water 
in two distinct basins, divided by ancient 
sand dunes, which act as a swamp belt. 
Seated at the southern edge of the Sahara 
desert, where temperatures often exceed 
40˚C (104˚F), the lake’s very existence is a 
fascinating enigma.

Lake Chad’s maximum-recorded depth, 
prior to the start of its decline in the 1970s, 
was 12 metres (39 feet). Today, the lake 
is far shallower, although fl uctuations in 
volume result in substantial changes to its 
surface area. The lakebed itself is not fl at, 
but lies on an ancient bed of fossilized sand 
dunes, many of which surface as islands 
when the lake level falls (Sikes 2003). 
Submerged dunes form hidden anchorages 
for fl oating vegetation, which covers vast 
areas of the lake.

About 90 per cent of Lake Chad’s 
water comes from the Chari-Logone River, 
which enters the lake from the southeast, 
with its sources in the humid uplands 

of the Central African Republic. The 
Komadougou-Yobe River, which enters 
the lake in the northwest, historically has 
contributed about 10 per cent of its water. 
As well as a vital source of fresh water for 
local communities, Lake Chad’s unique 
mix of terrestrial and aquatic habitats 
hosts biodiversity of global signifi cance—
although most of its large mammal species 
have been hunted virtually to extinction 
(Nami 2002). Crocodiles and hippos 
were particularly important agents for 
maintaining a healthy wetlands ecosystem 
(Mockrin & Thieme 2001). Today, however, 
the replacement of these mammals with 
cattle has severely degraded the 
wetlands ecosystem.

Within Lake Chad itself, the major 
plant communities comprise fl oating 
‘sudd’ weeds, permanent reed swamps, and 
seasonal herbaceous swamps (GEF 2002). 
Grasslands dominate in areas that fl ood, 
interspersed with acacia woodlands, with 
dryland woodlands in sandy soils further 
from the lake (Mockrin & Thieme 2001).

Lake Chad’s level has varied greatly 
over time. Some 50 000 years ago, 
Paleo-Chad formed a freshwater inland 
sea covering nearly 2 million km2 (772 
thousand square miles). Lake levels 
regressed until, between 5 000 and 2 500 
years ago, the lake assumed its current level 
with periodic oscillations. By 1908, lake 
levels were so low that the lake resembled 
a vast swamp with small northern and 
southern pools (Sikes 2003). During the 
1950s, levels again increased, joining the 
southern and northern pools, so that by 
1963 the lake covered 22 902 km2 (8 842 

square miles). Water levels then decreased, 
and by 1972 the lake covered 16 884 km2 

(6 519 square miles). The most dramatic 
reductions occurred between 1972 and 
1987, by which time the lake had shrunk 
to just 1 746 km2 (674 square miles). From 
the mid-1980s, the north basin rarely held 
any water at all —although, since the mid-
1990s, levels have once again started to 
rise in response to increased rainfall 
(FEWS 2003).

The dramatic fl uctuations of Lake 
Chad are usually attributed to a complex 

3.1 Case Studies
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The within-year lake level variation for Lake Chad is as great as the between-year 
variation. The May-October rains, with up to 50 per cent falling in August, reach 
Lake Chad by October/November. The Chari-Logone river systems fi rst fi ll the 

south basin. If the rainfall is suffi cient, as it was in 2002, water from the south 
basin will breach the barrier between the basins along the west shore, as can be 
seen in the Nov-Dec 2002 image. In extremely dry years, however, the barrier is 

Jul-Aug 2002

Figure 3.2: Landsat images of Lake Chad: Jul-Aug 2002, Nov-Dec 2002, Feb 2003 and May 2003

Ledru et Martel/UNEP/UNESCO

Source: USGS/EROS
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interaction of climatic and human forces. 
Recent modelling studies have attempted 
to quantify the interplay of two climatic 
factors: variability and water use. In 
a nutshell, climate variability sets the 
parameters within which humans must 
operate. As the human impact upon the 
local landscape becomes more severe, 
humans are in danger of changing 
these parameters.

Climate

The climate around Lake Chad is hot 
and dry, with highly variable annual 
rainfall ranging from 565 mm (22 in) 
in 1954 to just 94 mm (4 in) in 1984 
(Olivry et al. 1996). However, the lake 
level relies little on local precipitation, 
with the Chari-Logone’s sources receiving 
an average rainfall of some 1 600 mm 
(63 in). Precipitation in the basin varies 
geographically, with much more in the 
south than the north. Rainfall also varies 
seasonally with about 90 per cent of it 
falling from June to September (USGS 
2001). During the dry season, low humidity 
and high winds increase evaporation rates 
from the lake. Although evaporation 
is generally very high, salinity is not a 
signifi cant issue as heavier saline water 
leaves the lake through fi ssures in its fl oor. 
Water loss through the lakebed accounts 
for about eight per cent of the water 
outfl ow from the lake.

In the late 1960s, the western Sahel 
appears to have undergone an abrupt 
hydro-climatic transition from a wetter 
to a drier rainfall state. Rainfall became 
intermittent at Lake Chad, culminating 
in two major droughts in 1972-74 and 
1983-84. In the mid-1990s, rainfall again 
increased with several good years ensuing. 
Areas of the lake that once experienced a 
mean rainfall of 320 mm (13 in) currently 

receive less than 210 mm (8 in)(GEF 
2002). The size of the region affected by 
this change and its duration are without 
precedent in hydro-climatic chronicles. 
Some authors have speculated that the 
change is symptomatic of a “climate 
rupture” (Carbonnel & Hubert 1985, in 
Nami 2002).

Water use

Since the 1960s, human demands for 
water near Lake Chad have grown rapidly. 
Between 1960 and 1990, the number of 
people living in the lake’s catchment area 
has doubled from 13 million to 26 million 
(UNEP 1999). With agriculture providing 
the main livelihood in 60 per cent of the 
lake basin, demand for water for irrigation 
is estimated to have quadrupled between 
1983 and 1994 (GEF 2002). At present, 
some 135 000 hectares of land are irrigated 
in the lake basin. The most extensive 
irrigation projects, totaling over 100 000 
ha, have been developed in Nigeria, where 

the Southern Chad Irrigation Project alone 
had the goal of irrigating 67 000 ha of land 
with an average cropping intensity of 
130 per cent, and resettling about 
55 000 families onto the irrigated land 
(Sikes 2003). Unfortunately, since the 
droughts of the early 1970s, the water level 
of Lake Chad has not been high enough 
to reach the intake canals of the irrigation 
system (Sarch & Birkett 2000).

In addition to irrigation, dams have 
infl uenced the rivers that feed Lake Chad. 
In the Kano and Hadejia basins, there are 
believed to be about 23 earth dams. The 
Komadougou-Yobe river system provides 
an example of the dramatic impact of 
human diversion. The upper basin used 
to contribute approximately 7 km3/yr 
(4 cubic miles/yr) to Lake Chad. Today, 
the bulk of this water is impounded 
in reservoirs within Kano province in 
northern Nigeria, and the system provides 
just 0.45 km3/yr (0.23 cubic mile/yr). 
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never breached. This water will join the limited discharge from the Komadugu-
Yobe to fi ll the north basin, which is about 3 metres lower than the south basin 

(Dumont 1992). By February, the lake level starts to recede to once again ap-
proach an annual low by May.
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Nor is there any likelihood of increasing 
discharge down the Komadougou-Yobe, 
as demands for water for irrigation in the 
densely populated upper basin near Kano 
will never decrease.

Although the contribution from the 
Komadougou-Yobe drainage system was 
only 10 per cent of the total contribution 
to Lake Chad, once the lake divided 
into a north and a south basin its loss to 
the north basin became critical, as good 
pasture for livestock became harder to 
fi nd (Sikes 2003). The loss of water behind 
dams has been further compounded by 
an increase in irrigation from wells and 
boreholes since the 1960s, resulting in 
reduced groundwater regeneration.

Research by Oyebande (2001) suggests 
that dam construction in the upper 
Komadugu-Yobe system is largely to blame 
for the change in the fl ow regime. He 
suggests that the river course was heavily 
infl uenced by the spring fl ooding prior 
to the dams’ construction, and that the 

leveling out of the fl ow would result in 
less water reaching downstream provinces 
and Lake Chad, even if the fl ow volume 
was increased. By contrast, decreasing 
input from the Chari-Logone river system, 
where human consumptive use has been 
estimated at less than fi ve per cent of the 
basin yield, is attributed mainly to lower 
rainfall (Olivry et al. 1996).

Using an integrated biosphere model, 
run with and then without extraction for 
irrigation, Coe and Foley (2001) concluded 
that water-level fl uctuations in Lake Chad 
over the past 35 years have been caused 
by both climate variability and water use. 
From 1956 to 1975, decreases in the lake’s 
level and surface area resulted primarily 
from long-term climate change, with only 
fi ve per cent of the lake level decrease 
attributed to water management practices. 
Since the 1970s, however, with marked 
population increases, human activities have 
begun to play a more signifi cant role in 
accelerating lake-level declines. The onset 

of dry climatic conditions in the early 1970s 
induced people to dramatically increase 
their irrigation activities, almost doubling 
water loss from Lake Chad (Coe & Foley 
2001). The balance between the lake and 
its wetlands has always been precarious, as 
inputs balance losses to groundwater and 
evaporation. However, increased irrigation, 
which would be modest for many river 
systems, is particularly critical to the fate of 
the carefully balanced climatic-ecological 
system of Lake Chad.

Traditionally, fi shing and farming near 
the lake have followed its rise and fall, 
both seasonally and through the years. 
During dry seasons and years, farmers 
move to the rich soils of the newly exposed 
lake bottom, and then fi sh during fl oods 
(Sarch & Birkett 2000). However, as lake 
levels recede, the danger increases that 
the lake will not reach villages during 
the annual fl oods. The cost of exporting 
surplus crops has also increased as cheap 
water transportation across the open 

Figure 3.3: Within the Lake 
Chad Basin, the drainage basins 
of the Komadougou-Yobe and 
Yedseram-Ngadda, which contain 
the cities Kano and Maiduguri 
respectively, have the greatest 
population densities, placing 
a particularly high demand 
on their water sources. The 
boundary of the early 1960s Lake 
Chad is shown with the open 
water in 1987 fi lled in. 

Figure 3.4: Level of Lake Chad, redrawn from Olivry et al., 1996, USGS 2001, and USDA 2004

UNEP/GRID-Sioux Falls
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lake is increasingly being replaced by 
transport via road or maintained canals. 
The introduction of irrigation and the 
movement of people to the lake, who only 
know the lake in its present state, shift 
the perspective from water use to water 
management. In fact, a danger exists that, 
if the water were to rise again to 1960 
levels, the long-time inhabitants of the 
basin may no longer be able to retreat 
from its rising waters, as the land behind 
them is increasingly exploited for 
irrigated agriculture.

The Future 

As Lake Chad continues to shrink, its 
future as Africa’s second largest wetland is 
increasingly uncertain. Plants that require 
water, or are adapted to changing water 
levels, are becoming more disadvantaged 
than those adapted to water stress. With 
little fresh water entering the north basin 
from the Komadougou-Yobe, the basin 
will become more saline if it is isolated for 
long periods (Dumont 1992). As annual 
grasses replace productive perennial 
grasslands, biodiversity is also declining 
(Verhoeye 2001). Declines in vegetation 
associated with the lake ecosystem may 
result in increased erosion, and ultimately 
in desertifi cation. The IPCC has predicted 

reduced rainfall and run-off, and increased 
desertifi cation, in the Sahelian belt near 
Lake Chad (IPCC 2001).

The biodiversity of fi sh and birds in 
the Lake Chad region is also under threat. 
The drying up of water basins and ponds 
both directly and indirectly increases fi sh 
mortality. The Alestes naremoze, a species 
that once contributed up to 80 per cent of 
the local catch, is becoming rare due to the 
disappearance of its natural spawning beds. 
Migratory birds like the European white 
stork, which depend upon Lake Chad as a 
key resting place on their migrations across 
the Sahara, may no longer be able 
to complete this vital part of their 
annual lifecycle.

Diminishing water resources and 
continued ecosystem decline also, of 
course, have severe health and economic 
implications for the people living around 
Lake Chad. The northern states of Nigeria 
and Cameroon are among the poorest in 
these two countries (World Bank 1995b). 
Sarch and Birkett (2000) report a rapidly 
shrinking average annual fi sh catch in the 
Lake Chad Basin, from 243 000 tonnes 
in 1970-77 to 56 000 tonnes in 1986-89. 
As fi sh decline, economic losses may also 
lead to cultural losses – particularly among 

the Yedina, a unique fi shing people that 
occupies the lake’s islands and swamps 
(Sikes 2003). Around the lake, domestic 
plant and animal production may become 
untenable due to increasing soil erosion 
and desertifi cation. In the lower Yobe, 
dunes and layers of sand are already 
invading date palm plantations (Nami 
2002). And fi nally, health problems also 
appear to be increasing, with less potable 
water leading to cases of diarrhea, cholera 
and typhoid fever throughout the basin 
(GIWA 2004).

For now, the future of Lake Chad does 
indeed look bleak. With a high population 
growth rate, pressures on water resources 
in the lake basin will invariably continue. 
While in the past Lake Chad has been 
able to rebound from low to high water 
levels, climate change and people’s  water 
use may now act in concert to block the 
natural forces of recovery. While renewed 
rainfall has recently returned to the region, 
it is clear that the lake’s future continues 
to hang in the balance – and will require 
very careful planning and multilateral 
management commitments in order to 
prevent one of Africa’s greatest life-forces 
from becoming yet another extinct species.

Source: Modifi ed from FAO 2005

Table 3.1: The nine largest international basins in Africa

Basin Area Countries included

km2 % of Africa

Congo/Zaire 3 789 053 12.5 Angola, Burundi, Cameroon, Central African Republic, Congo, Democratic   
   Republic of the Congo, Rwanda, United Republic of Tanzania, Zambia

Nile 3 112 369 10.3 Burundi, Democratic Republic of the Congo, Egypt, Eritrea, Ethiopia, Kenya,   
   Rwanda, Sudan, Uganda, United Republic of Tanzia

Lake Chad 2 381 635 7.8 Algeria, Cameroon, Central African Republic, Chad, Niger, Nigeria, Sudan

Niger 2 273 946 7.5 Algeria, Benin, Burkina Faso, Cameroon, Chad, Côte d’Ivoire, Guinea, Mali,   
   Niger, Nigeria

Zambezi 1 340 291 4.5 Angola, Botswana, Malawi, Mozambique, Namibia, United Republic of Tanzania,   
   Zambia, Zimbabwe

Orange-Senqu 896 368 3.0 Botswana, Lesotho, Namibia, South Africa

Senegal 483 181 1.6 Guinea, Mali, Mauritania, Senegal

Limpopo 412 938 1.3 Botswana, Mozambique, South Africa, Zimbabwe

Volta 394 196 1.3 Benin, Burkina Faso, Côte d’Ivoire, Ghana, Mali, Togo

Total 15 083 977 42.3
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Persistent droughts have shrunk it to about 
a tenth of its former size. The lake has a 
large drainage basin—1.5 million km2  (0.6 
million square miles)—but almost no water 
fl ows in from the dry north. Ninety 
per cent of lake’s water fl ows in from the 

NIGERIA/CAMEROON

LAKE CHAD
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Chari River. The lakebed is fl at and shallow; even before the 
drought, the lake was no more than 5-8 m (16-26 ft) deep. Con-
sidered a deep wetland, Lake Chad was once the second largest 
wetland in Africa, highly productive, and supporting a diversity 
of wildlife. 

The lake is very responsive to changes in rainfall. When rains 
fail, the lake drops rapidly because annual infl ow is 20-85 per cent 
of the lake’s volume. Human diversion from the lake and from the 
Chari River may be signifi cant at times of low fl ow, but rainfall is 
still the determining factor in lake level. 
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Lake Victoria
The largest freshwater lake in Africa and 
the second largest in the world, Lake Victo-
ria occupies a total catchment of about 
250 000 km2, of which 68 870 km2 is the 
actual lake surface (URT 2001). Located in 
the upper reaches of the Nile River 
Basin, the lake waters are shared by the 
three East African countries of Kenya, 
Uganda and Tanzania. The lake draws 
20 per cent of its water from the Kagera, 
Mara, Simiyu, Grumeti, Yala, Nyando, 
Migori and Sondu-Miru rivers, while the 
remaining 80 per cent comes from rainfall. 
Mountains surround the catchment area 
on all sides except for the north.

Lake Victoria supports one of the dens-
est and poorest rural populations in the 
world, with densities of up to 1 200 persons 
per square kilometre in parts of Kenya 
(Hoekstra and Corbett 1995). An average 
annual population growth rate of three per 
cent is exerting increasing pressures on the 
lake’s natural resources. In all of the ripar-
ian countries, the people living around the 
lake have become increasingly vulnerable 
to environmental change over the past two 
decades, due to natural processes and inap-
propriate human actions (Birch-Thomsen 
et al. 2001).

Water erosion is extensive in many parts 
of the Lake Victoria Basin, with approxi-
mately 45 per cent of the land prone to 

such erosion. Increased siltation of the lake 
and increased risk of fl ooding in estuaries 
are the direct effects of soil erosion and 
other degradation forces in the basin. The 
near annual fl ash fl oods on the Lake Victo-
ria plains have been linked to such forces 
emanating from point and non-point pro-
cesses (Gichuki 2003).

The eutrophication of Lake Victoria 
is clearly linked to land-use changes and 
rapid population growth in the lake catch-
ments, with impacts clearly affecting the 
lake from about 1930. Only a small propor-
tion of land around the lake has favourable 
agro-ecological conditions for agricultural 
development, and these tend to be the 

Figure 3.5: The declining levels of Lake Victoria, shown through relative lake height variations computed 
from TOPEX/POSEIDON (T/P) and Jason-1 altimetry, and compared to a 10-year mean level derived 
from T/P altimeter observations (Source: USDA 2005)

Robb Campbell/UNEP/USGS
Murchison Bay, the bay near Kampala 
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most overpopulated areas. Most of the 
land has fragile ecosystems that need to be 
protected, soils with low fertility and poor 
texture, biotic constraints such as tsetse fl y, 
and areas prone to fl ooding. Despite these 
unfavourable conditions, however, major 
population increases have resulted in the 
widespread cultivation of these fragile 
pockets of land—accelerating the degrada-

tion of the entire lake ecosystem.
The infestation of Lake Victoria by 

water hyacinth in the 1990s disrupted 
transportation and fi shing, clogged munici-
pal water pipes, and created a habitat for 
disease-causing insects. This led to the ini-
tiation of the Lake Victoria Environmental 
Management Project in 1994, which priori-
tised the removal of hyacinth infestations, 

particularly from the severely affected bays 
of Uganda. 

The urgent need to rapidly transform 
land use in the Lake Victoria Basin is 
underscored by the fact that the region’s 
anticipated population growth will not 
only reduce the availability of land per 
capita, but will accelerate the rate of its 
degradation. Dwindling land resources in 
the basin present its inhabitants and their 
development partners with monumental 
paradoxes, from the mounting freshwater 
demands of some 30 million people, to 
growing industrialisation and urbanisation, 
increasing agricultural pollution, the loss 
of freshwater biodiversity, and the overex-
ploitation of fi shery resources.

Country Lake surface area Shoreline Tributary basin

 km2 % km % km2 %

Kenya 4 113 6 550 17 38 913 21.5

Tanzania 33 756 49 1 150 33 79 570 44

Uganda 31 001 45 1 750 50 28 857 15.9

Rwanda 0 0 0 0 20 550 11.4

Burundi 0 0 0 0 13 060 7.2

Total 68 870 100 3 450 100 180 950 100

Figure 3.6: Satellite images depicting plumes of nutrient-rich sediments fl owing into Lake Victoria

Box 3.1: Impacts of population increase around lake Victoria

• Average regional per capita land holding is about 0.75 ha.

• Average regional per capita income is under 250 US$.

• Population increases at an annual rate of 3 per cent.

• An estimated 150 000 km2  (58 000 square miles) of land has been af-
fected by soil degradation since 1980 including as much as 60 per cent 
of agricultural land.

• About 75 per cent of wetland area has been signifi cantly affected by hu-
man activities and about 13 per cent is severely degraded.

• Approximately 46 per cent of the 3 516 km2 (1 358 square miles) of the 
lakes basin—or 1 624 km2 (627 square miles)—has experienced severe 
soil physical erosion.

• The efforts needed to meet land use needs for the additional 5 million 
people in the next 20 years will be immense.

• A two-fold reduction of degraded land is necessary in the next 20 years 
for the growing needs of the inhabitant.

Figure 3.4: A 3D view of Lake Victoria

Courtesy: Future Harvest/ICRAF

Table 3.2: Country lake statistics.
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The 1995 image shows several hyacinth-
choked bays: Murchison Bay near Gaba; 
large parts of Gobero and Wazimenya Bays; 
an area outside Buka Bay; and near Kibanga 

LAKE VICTORIA
UGANDA
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Port (yellow arrows). Initially, water hyacinth was controlled by 
hand, with the plants being manually removed from the lake. But 
re-growth quickly occurred. A more recent control measure has 
been the careful introduction of natural insect predators. As the 

2001 image shows, this approach seems to have been successful, as 
the fl oating weeds have all but disappeared from the above-men-
tioned bays.
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Toshka Project
The Toshka Project, also known as the 
‘Southern Valley’ or ‘New Southern Valley 
Project’, plans to reclaim more than a mil-
lion acres (>404 685.64 ha) of empty desert 
and create a series of settlements for 3-6 
million Egyptians where nothing existed 
but wind and sand. Dubbed “Egypt’s hope 
for the 21st century”, this ambitious en-
gineering project aims to create a second 
Nile Valley— redirecting 10 per cent of the 
country’s allotment of water from the Nile 
via a massive irrigation scheme. Unlike 
Lakes Chad and Victoria, this is a farsight-
ed example of an African country working 
to improve its long-term water situation.

Inaugurated by President Mubarak in 
January 1997, the project is located in a 
portion of Egypt’s Western Desert known 
as the Toshka Depression. Its basic premise 
is simple: using the natural Nile overfl ow 
phenomenon, to pump water out of Lake 
Nasser and, through gravity, to convey it 
hundreds of miles into the desert via a ca-
nal following what some geologists believe 
was the former western branch of the Nile 
(El Sineity 2003). By the time the project 
is completed in 2020, it will have cost the 
Egyptian Government in the region of 
US$7 000 million.

Over the past 20 years, the popula-
tion of Egypt has risen from 20 million to 
nearly 70 million and it is predicted that 
this trend will continue, reaching an an-
ticipated 120 million in the next 20 years. 
Over 60 per cent of Egyptians already live 
in cities that are growing faster than the 
infrastructure to support them, with ever-
increasing urbanisation placing growing 
demands on water supplies in a country 
that is 95 per cent desert.

Along with the famed Aswan High Dam, 
many proposed infrastructure projects for 
land reclamation and other development 
have been on the agendas of both Egypt 
and Sudan since the 1970s and 80s. How-
ever, down the years, most of these projects 
have either stalled or been cancelled. Since 
it was built in the 1960s, the Aswan Dam 
has created major changes in the Nile’s 
fl ow, ending the annual fl ooding that had 
carried the fertile soils on which Egypt’s 
ancient agricultural traditions were based. 
Decreases in fl ows below the dam also 
changed the nature of the eastern Mediter-
ranean, which has become saltier, affecting 
its fi sh and fi sheries.

As homegrown agriculture dwindled, 
Egypt became increasingly dependent 
upon food imports. By 1990, the country 
depended on imports for at least 40 
per cent of its basic cereal grains. However, 
given the climate, rich soils, and large 
volumes of water potentially available in 
the Egypt-Sudan Nile corridor, this region 
still has the potential to feed hundreds of 

millions of people across Africa and the 
Middle East.

With the new Toshka Project, the Egyp-
tian Government plans on taking some 

5 000 million m3 (6 000 million cubic 
yards) of water out of Lake Nasser each 
year. Under the terms of the 1959 Nile-
sharing agreement with Sudan, which 
gives Egypt an annual entitlement of 

Figure 3.7: Map showing the location of Lake Nasser in Egypt and Sudan

Figure 3.8: The Toshka Lakes from space, 1999 Earth Observatory/UNEP/NASA

Source: Mark Dingemanse
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Mubarak Pumping Station
Described as a venture that has “expand-
ed the boundaries of civil engineering”, 
the US$430 million Mubarak Station is 
capable of pumping 1.2 million m3 (1.5 
million cubic yards) of water out of Lake 
Nasser each hour. Inaugurated in March 
2005 after a fi ve-year construction, its 
innovative design places the pumphouse 
like an island in the lake—completely 
surrounded by water, with 24 vertical 
pumps arranged in parallel lines along 
both sides. An open 50 m (164 ft) deep 
intake channel—the deepest ever con-
structed—allows the pumphouse to be 
smaller, yielding reduced capital and run-
ning costs.

The geographical location of the site 
also necessitated some innovative think-
ing. Using traditional concrete piles to 
support the structure in the event of an 
earthquake would have been very costly, 
so a system of steel mini-piles were in-
stalled around the base of the pumping 
station, connected to a foundation raft. 
This allows the piles to avoid compression 
loading, but leaves them free to tense 
against any seismic movement, as well as 
offering a degree of resistance to shear-
ing or overturning forces. Since coming 
into service, the station has pumped 
over 14 million m3/day (18 million cubic 
yards/day) of water out of Lake Nasser, 
enabling over 202 000 hectares of land to 
be irrigated.

55 000 million m3 (72 000 million cubic 
yards), Egypt would then offset the Lake 
Nasser withdrawals by limiting use else-
where, which the government has said can 
be done by a number of means, including 
recycling treated wastewater and improv-
ing agricultural methods in the Nile Delta.

Current Status

The Toshka Project is part of a long-term 
plan by the Egyptian Government to 
increase the country’s inhabitable land 
from fi ve to 25 per cent of its total area. 
Although funding constraints have held 
up some parts of the project, by the end 

of June 2005, 90 per cent of its infrastruc-
ture was described as completed, with the 
remaining work progressing on schedule.

As might be expected with any under-
taking of this magnitude, the project has 
provoked its share of controversy, both do-
mestically and internationally. Skepticism 
has been expressed over the wisdom of de-
veloping water-hungry agricultural produc-
tion in the hottest part of the country, as 
well as over the likely long-term economic 
and social benefi ts to local communities. 
In addition, the 10 countries that share the 
Nile basin remain involved in a variety of 
long-running disputes over the division of 

its water resources—scarcely surprising in 
the world’s most water-scarce region—and 
many of Egypt’s neighbours continue to 
regard the Toshka Project with under-
standable concern.

However, with an annual 1 000 million 
m3 (1 300 million cubic yards) of rainfall, 
7 500 million m3 ( 9 810 million cubic 
yards)of groundwater, and 5 000 million 
m3 (6 540 million cubic yards) of recycled 
agricultural drainage water, Egypt argues 
that the scheme can be achieved without 
increasing the country’s 55 500 million m3 
(72 591 million cubic yards) quota award-
ed by the 1959 Nile Treaty.

Model of Mubarak Pumping Station

Figure 3.9: This 2005 picture from space shows the 
completed Mubarak Pumping Station, together with 
the spillway that originally fl ooded the Toshka De-
pression, the southern end of the fi rst of the Toshka 
Lakes, part of the 50 km (31 mile) Sheikh Zayed 
Canal, and several new fi elds in the Egyptian desert 
northwest of Lake Nasser. The Toshka Lakes and the 
developments surrounding them represent one of 
the most visible and rapid human made changes on 
the surface of the Earth (NASA 2005a).

Brian Czarnecki/UNEP

UNEP/NASA
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Sheikh Zayed Canal

The second key element of the project is 
a 30 m (98 ft) wide, eight metre (26 feet) 
deep canal named in recognition of the 
President of the United Arab Emirates, 
who donated US$100 million to the proj-
ect. The decision to use a canal rather than 
a pipeline appears to have been driven 
by the volume of water involved, though 
it obviously also has ramifi cations regard-
ing loss through evaporation during the 
hot summer months. Seepage losses were 
minimised by lining the canal with layers of 
cement and polymer sheeting.

The fi nal system comprises of the main 
canal running 50 km (31 miles) westward 
from the Mubarak Pumping Station, with 
four additional 22 km (14 mile) branches 
reaching out in a north-south direction, to 
provide the four designated areas of culti-
vation with their irrigation supplies. The 
fi nal cost of the canal system will be about 
US$1 200 million.

Sheikh Zayed Canal Brian Czarnecki/UNEP

UNEP/NASASatellite image showing location of Toshka Lakes. 

Toshka Lakes

Lake Nasser
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Figure 3.10: Decreasing wa-
ter levels in Egypt’s Toshka 
Lakes, 2001-05.

The regional drought that 
has gripped eastern Af-
rica since the late 1990s 
has seriously impacted the 
source regions of the Nile 
River, reducing water fl ows 
downstream into Egypt and 
Lake Nasser. This pair of 
images documents recent 
drops in water levels in the 
Toshka Lakes region. Follow-
ing fl oods in the late 1990s, 
when Lake Nasser’s level 
was at an all-time high, the 
fl ooded regions to the west 
of the lake have decreased 
signifi cantly, exposing the 
former dune fi elds (which 
appear as islands in the lake 
and along the shoreline in 
the top image), and leaving 
a dark ‘bath-tub ring’ of wet-
lands along the lakeshore. As 
both the drought and devel-
opment continue, this region 
of Egypt is sure to continue 
to change (NASA 2005a).

11 December 2005

15 March 2001
UNEP/NASA
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Egypt’s Toshka Project has transformed part 
of the country’s scorching hot southern 
desert into a region of lush, neatly tended 
vegetable farms supplied with water and 
fertiliser through drip irrigation systems. 

29 Sep 1987 13 Sep 1984

TOSHKA PROJECT
TOSHKA PROJECT, EYGPT
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These images from 1984-87 and 2000 document the changes and 
success that Egypt has had in this ambitious desert reclamation 
project. The project created four new lakes in the desert by draw-
ing water through a concrete-lined canal from Lake Nasser, which 
was formed by damming the Nile River at Aswan. The water fl ows 

through the canal into the Toshka Depression, where it forms the 
lakes visible in the 2000 image. The faint blue-green areas around 
some of the lakes are agricultural lands, newly created by irriga-
tion. While providing local communities with new arable land, the 
Toshka Project’s environmental impacts are still under study.



38

 Julie Brazier/UNEP/MorgueFile

3.2 Images of Change: 
Africa’s Lakes
Various types of ground-based instruments, 
together with in situ surveys and analyses, 
can be used to measure the changes be-
ing brought about on the Earth through 
human activities and global changes. But 
such changes can also be observed in more 
detail and with a “big picture” perspective 
from space, through Earth-orbiting satel-
lites that gather images of the Earth’s sur-
face at regular intervals. The Landsat series 
of Earth-observing satellites has compiled a 
data record of the planet’s land and water 

surfaces, which spans the past 30 years and 
continues today.

By comparing two images of the same 
area taken 10, 20 or even 30 years apart, it 
is often easy to see human and naturally-in-
duced changes in a specifi c location. There 
are very few places remaining on the planet 
that do not show at least some impact from 
people’s activities. Freshwater lakes are 
often among the most affected areas.

The focus of this chapter is a set of spe-
cifi c case studies, in which satellite images 
taken at different times are paired to reveal 
human and natural impacts on African 
lakes, freshwater ecosystems and wetlands, 

and forests, croplands, grasslands and ur-
ban areas around the lakes.

Changes seen in pairs of satellite images 
should serve as a call to action. While some 
are positive changes, many more are nega-
tive. They are warning signs, which should 
prompt us to ask some serious questions 
about our impact on these vital freshwater 
systems – and about how we can minimise 
this impact in future. How can we use 
Africa’s lake and wetland resources in ways 
that will not reduce the ability of the Earth 
to support us in perpetuity?

38

Fires Near Lake Malawi, Africa
This image of southeastern Africa, ac-
quired on 25 September 2004, shows scores 
of fi res burning in Mozambique south of 
Lake Malawi, whose southern tip is at the 
top center of the image. Active fi re detec-
tions are marked in red. The fi res created a 
layer of smoke that darkened the surface of 
the land beneath it. At upper left in the im-
age, the turquoise-colored body of water is 
the Lake Cahora Basa, created by a dam on 
the Zambeze River just inside Mozambique 
after the river leaves its course along the 
border of Zambia and Zimbabwe (NASA 
2004).



39

Africa’s Killer Lakes
There are three lakes in Africa that contain 
dangerously high proportions of dissolved 
methane and carbon dioxide gases in their 
deeper waters, which if released can suffo-
cate millions of living creatures. These are 
Lakes Nyos and Monoun in Cameroon and 
Lake Kivu on the border between Rwanda 
and the Democratic Republic of Congo.

Lakes Monoun, Nyos and Kivu are of 
the ‘maars’ type: lakes formed following 
a phreatomagmatic (water-rich) erup-
tion that produced volcanoes with broad 
craters, characterised by low-gradient outer 
slopes and steep inner walls. When the 
volcano becomes extinct, a lake is frequent-
ly formed in the crater, which gradually 
becomes fi lled with sediment, producing 
swamps and peat deposits.

Carbon dioxide bursts in Lakes 
Monoun and Nyos led to the sudden 
deaths of 37 and 1 746 people in 1984 and 
1986 respectively. At Lake Kivu, the Mount 
Nyiragongo volcano made international 
news when it erupted in January 2002, 
pouring molten lava into the city of Goma 
in the Congo and also into Lake Kivu. In 
addition, fears that the water had been 
contaminated by magma falling into the 
lake were confi rmed by complaints of diar-
rhea, dysentery and headaches, but people 
had little choice but to drink it. Outbreaks 
of cholera were also reported (Christian 
Aid, Relief-Web, 2002).

Lake Kivu remains a cause for serious 
concern. A rift in the area is pulling apart 
and causing a crack to move closer to the 
bottom of the lake. Large amounts of boil-
ing lava entering the lake could be more 
than suffi cient to trigger a large overturn 
releasing huge amounts of deadly CO2 
would be released. In addition, the lake 
contains a large quantity of methane that 
could also cause explosions above the lake. 
It is estimated that Kivu contains enough 
methane to power the United States for a 
month, and fi ve times as much CO2—about 
200 km3 (262 cubic yards).

The waters of Lake Kivu manifest a 
particularly distinctive ‘stair-like’ stratifi ed 
structure, with their physic-chemical pa-
rameters changing with depth. The exact 
explanation for this stratifi ed phenom-

enon is complex. The waters of the lake 
are made up of homogenous layers—in 
which mixing by convection easily takes 
place—separated by layers with a high-
density gradient, which act as barriers to 
the mixing process. The lower levels are 
anoxic, saturated with siderite and retain-
ing a large amount of carbon dioxide in 
the water (as a balance of both carbonic 
acid (HCO3) and CO2), producing ferric 
hydroxide and carbon dioxide. Another 
factor that could add to the already unsta-
ble situation within the lake is that carbon 
dioxide is more soluble in cold water than 
in warm. Therefore any disturbance that 
mixes layers of warmer water with cooler 
water, already heavily charged with carbon 
dioxide, could lead to a reaction, produc-
ing a discharge of CO2 gas.

Degassing Lake Nyos
Lake Nyos is situated in the crater formed 
from the collapse of the pipe feeding a 
now extinct volcano. The lake is composi-
tionally stratifi ed, with fresh water in the 
upper 50 m (164 ft) and heavier sodium- 
and carbon dioxide-rich water below that.  
The water below 180 m (591 ft) is particu-
larly rich in sodium and carbon dioxide.  
Most of the sodium and carbon dioxide 
come from numerous sodium-bicarbonate 
bearing springs—derived from an under-
lying magma chamber—feeding into the 
bottom of the lake. 

In August of 1986 some event—perhaps 
a mudslide, heavy rain or wind blowing 
across the lake—caused the water column 
to be disturbed.  Some of the deep car-
bon dioxide-rich water moved towards the 
surface where it was subjected to lower 
pressure.  The dissolved carbon dioxide 
quickly converted to carbon dioxide gas 
and rushed to the surface, starting a chain 
reaction of degassing the deeper water.  A 
huge cloud of carbon dioxide spilled over 
the lake’s outlet and down into the 
surrounding valleys.

In 1995 an international team of scien-
tists and engineers tested a procedure to 
degas the lower parts of Lakes Nyos and 
Monoun in a controlled way, and a team is 
now in the region to begin the project in 

earnest.  The procedure involves lowering 
a strong polyethylene pipe to the lake bot-
tom.  Some water is pumped out at the top, 
and as the deep water rises through the 
pipe the carbon dioxide starts to bubble 
out. The gas and water then become buoy-
ant and suck more water in at the bottom 
in a self-sustaining process.

One potential problem is that volcanic 
rock forming the natural dam which holds 
water in the lake is weak. If the dam should 
fail the upper 40 m (131 ft) of water would 
spill out and this would lead to an imme-
diate limnic eruption and a major fl ood 
which could extend all the way into Nigeria 
(Earle 2000).

Unknown/UNEP/perso.wanadoo.fr/nyos/
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French scientists degassing Lake Nyos.

~50m

~200m
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Lake Kivu on the Congo-Rwanda 
border is the highest lake in Africa at 
1 459 m (4 788 ft). Beneath the lake 
lie vast reserves of methane gas which 
has not been exploited. Lake Kivu 

AFRICA’S KILLER LAKE
LAKE KIVU
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is also an important tourist center. These satellite images of Lake 
Kivu show dramatic changes before and after the eruption of Mt. 
Nyiragongo in January 2002. The 2003 image clearly shows the 
track of the lava fl ow, which traveled through Goma town and into 

the northeastern part of the lake, contaminating its waters. Lake 
Kivu is one of Africa’s “killer lakes,” containing a volatile combina-
tion of methane and carbon dioxide gases with the capacity to kill 
thousands of people.
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Lake Alaotra is a shallow, reed-fringed lake 
that lies in a tectonic basin 40 km (25 miles) 
long and 9.5 km (6 miles) wide. The images 
from March 2005 show extensive fl ooding of 

LAKE ALAOTRA
MADAGASCAR
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the lake, especially along its western and southern shores. Heavy 
rains, unusual for the time of year, caused severe fl ooding across 
Madagascar, destroying an estimated ten per cent of the region’s 
rice crop. This pair of MODIS images shows fl ooding over a wide 

area, including Lake Alaotra (outlined in white). In the images, 
vegetation shows as bright green, water as shades of blue, and 
clouds as light blue.  Intensive rice irrigation occurs at the western 
part of the lake (yellow arrows).
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Lake Alaotra (Lac Alaotra) is the largest 
lake in Madagascar and forms the centre 
of the island’s most important rice-growing 
region. It is a rich habitat for wildlife, in-
cluding some rare and endangered species, 
and is an important fi shing ground. Lake 
Alaotra and its surrounding wetlands cover 
7 225 km2 (2 790 square miles) and include 
a range of habitats, including open water, 
reed beds, marshes and rice paddies. The 
lake was declared a wetland of internation-
al importance under the Ramsar Conven-
tion in February 2003.

Although the hills surrounding Lake 
Alaotra were once completely forested, 
most have been cleared for farmland in the 
last few decades. Severe erosion on these 
vulnerable slopes has caused considerable 
sedimentation of the lake, which is fast dis-
appearing; the lake is now only 60 cm (24 
inches) deep during the dry season. Pres-
sure to create more rice fi elds has also led 
local people to burn the reed beds around 
the lake, which provide the sole habitat of 
the endemic Alaotra Gentle Lemur (Hapal-
emur griseus alotrensis). Limited to just 220 

km2 (85 square miles)of remaining reed 
beds, the lemur’s population has plum-
meted in recent years—from an estimated 
7 500 people in 1994 to just 3 000 in 2001. 
Serious erosion is being exacerbated by 
incessant brush and reed fi res, which con-
sume the vegetation that could protect the 
soil from hard rains and fl ooding. Over-
fi shing is also common. These pressures 
are jeopardising the ability of the marshes 
to fulfi ll their important ecological and 
economic roles. The lake has been shrink-
ing steadily over the past 20 years, and is 

today in danger of vanishing completely.

Lake Alaotra is also an important but 
increasingly threatened habitat for water-
birds, including the endangered Meller’s 
Duck (Anas melleri). Two waterbird spe-
cies endemic to the lake, the Madagascar 
Pochard (Aythya innotata) and the Alaotra 
Grebe (Tachybaptus rufolavatus, also known 
as Delacour’s Little Grebe or Rusty 
Grebe), are critically endangered and 
possibly extinct.

Lake Alaotra 

Floods in Central Madagascar 
On the island of Madagascar, unusually 
heavy rains during the fi rst week of March 
2005, causing severe fl ooding across the 
central latitudes of the island. This pair 
of images from the Moderate Resolution 
Imaging Spectroradiometer (MODIS) on 
NASA’s Terra and Aqua satellites shows 
fl ooding over a wide area of the country 
(top two images) as well as a close-up of the 
fl ooding around Lake Alaotra (outlined in 
white) in the east-central part of the island. 
The image at left was captured on 21 Feb-
ruary by Terra MODIS; the image at right 
was captured on 8 March by Aqua MODIS. 
Vegetation is bright green, 
water is shades of blue, and clouds are light 
blue. 

Along the rivers fl owing into the sea 
from the northwest (upper left) coast of 
the island, a dramatic widening of streams 
and small areas of standing water are no-
ticeable in the later image (lower right). 
The lighter blue color likely indicates high 
amounts of sediment clouding the water. 
In the bottom two images, close-ups of 
Lake Alaotra show the extensive fl ooding 
of the lake, especially along the western 
and southern shores. According to news re-
ports, several people were killed or injured, 
and thousands were left homeless as lake-
side villages were fl ooded. Early estimates 
suggest that as much as 10 
per cent of the region’s rice crop may have 
been lost or degraded.  (Image courtesy the 
MODIS Rapid Response Team, NASA-GSFC-
NASA-GSFC, NASA 2005b)

44
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Morocco’s Al Wahda reservoir is the largest 
in the El Abid Basin, with a capacity of 
13 109 m3  (17 146 cubic yards). It is used 
for irrigation, electric power generation 
and drinking water supply.

The entrance of the lake is situated to 
approximately 18 km (11 miles) upstream 
of the dam wall located in central 
Morocco. The El Abid Basin can be sub-di-
vided into two sub-basins: the more impor-
tant sub-basin (2 635 km2  or 1 017 square 
miles) whose main tributary is the El Abid 
and the sub-basin drained by the Assif Mel-
loul (2 030 km2  or 783 square miles). 

The snow-rainfall hydrological regime 
can be divided into two periods. The wet 
winter-spring season lasts from December 
to May when average monthly precipita-
tion can reach 80 mm (3.1 inches), with 
average monthly temperatures varying 
between 10°C and 17°C (50°F and 63°F). 
The dry season lasts from June to October 
with an average monthly precipitation not 

exceeding 5 mm (0.2 inches) and average 
monthly temperatures between 17°C and 
28°C (50°F and 82°F). 

Long term hydrological records for 
Lake Al Wahda (1970–1988) demonstrate 
the annual and seasonal variability in dis-
charge with winter and spring periods typi-
cally representing 87 per cent of the fl ow. 
The lake is also affected by pollution from 
the irrigation schemes around it and the 

increased agricultural run-off has caused 
an increase in water weeds. The lake also 
generates about a third of the electrical 
supply for Morocco. Built in 1954, it is 
one example of an artifi cial lake in Africa, 
which supports large irrigation schemes. 
However, proper management of water 
withdrawal must be put in place to support 
sustainable utilization of water from 
this lake (Cherifi  and Loudiki 2002).

Lake Al Wahda

Riverbed in Atlas mountains, Morocco. Jason Webber/UNEP/MorgueFile
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The center of the Kingdom of Mo-
rocco is occupied by the high Atlas 
Mountains which separate fertile 
coastal plains from inland pre-Sa-
haran semi-arid areas. In Morocco, 

LAKE AL WAHDA
MOROCCO
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the rain rate varies strongly from one region to the other, when 
going southward or eastward. To reduce the effects of that dis-
parity, Morocco has adopted a policy for transferring water from 
regions with surplus towards regions with water defi cits.  The dam 
policy initiated at the beginning of the 1960s has had benefi cial 

fallouts for social and economic development of the country. 
There are now 110 large dams in Morocco, with a storage capacity 
of 158  000 millions of m3.  These two satellite images illustrate the 
change in land cover before and after the Al Wahda reservoir 
was constructed.  
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Cabora Bassa Reservoir in Tete Province of 
Mozambique is the site of the country’s larg-
est dam on the Zambezi River. These satel-
lite images show spectacular changes in the 
Zambezi riverine system over the past three 

LAKE CAHORA BASA
MOZAMBIQUE
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decades. The 1972 image shows the Zambezi River a few years be-
fore the Cahora Basa Dam was constructed, while the 1999 image 
shows part of the enormous dam and the lake. The eastern/right 
tip of the river is visible in both images, entering into a narrow 
gorge, which provides an obvious location for a power-producing 

barrage (dam) of this size. Although the construction of Cahora 
Basa was seen as a strategic move to meet the region’s growing 
energy needs, it has also reduced the extent of annual fl ooding on 
the Zambezi River downstream—in turn reducing the size of the 
fl oodplains on which local communities grow their crops.
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Lake Cahora Basa
Lake Cahora Basa is a human made reser-
voir in the middle of the Zambezi River in 
Mozambique, which is primarily used for 
the production of hydroelectricity. Cre-
ated in 1974, this 12 m (39 ft) deep lake 
has been strategically built on a narrow 
gorge, enhancing the rapid collection of 
water and creating the pressure required to 
drive its giant turbines. The lake’s dam has 
a production capacity of 3 870 megawatts, 
making it the largest power-producing bar-
rage on the African continent.

After the construction of Cahora Basa 
Dam, its water level held constant for 19 
years, resulting in a near-constant release 
of 847 m3 (1 108 cubic yards) over the same 
period. Observations before and 20 years 
after the dam’s impoundment, however, 
reveal the following negative impacts, some 
of which may also have been caused by 
other dams on the river (e.g. Kariba), as 
well as the effects of the country’s 20-year 
civil war —but nearly all of which have been 
directly infl uenced by the over-regulation 
of a major river system:

• Many of the mangroves in the delta 
have dried out and died back

•  The community structure of the 
fl oodplain vegetation has changed, 
with a substantial increase in trees

• Meanders and oxbows, once a major 
feature of the fl oodplain, have be-
come clogged with reeds and trees

• Productive, fl ood-dependent grass-
lands have been depleted of
grasses, the favoured food of 
herbivorous mammals

• Large mammals, including the once-
abundant buffalo, have almost disap-
peared from the delta

• The abundance of waterfowl has de-
clined signifi cantly

• Floodplain ‘recession agriculture’ has 
declined signifi cantly

• Vast vegetated islands have appeared 
in the river channel, many of which 
have been inhabited by people

• Dense reeds have lined the sides of 
the river channels

• Erosion of the coastal zone has 
increased, probably more as a result 
of the release of sediment-hungry 
water from Cahora Basa Dam than of 
changed fl ow patterns

• Water levels in the lower Shire River, 
the largest tributary of the Zam-
bezi downstream of the dam, have 
dropped, prohibiting navigation of 
this river (Chenje & Jonson 2002).

The majority of power generated by the 
Cahora Basa Dam is used in Mozambique, 
with some sold to South Africa and Zim-
babwe. Lake Cahora Basa can actually be 
seen as a ‘powerhouse’ of Southern Africa, 
although damage to the generators dur-
ing the civil war in 1972 has kept the plant 
from functioning at its originally antici-
pated levels. The construction of the dam 
has been opposed by communities down 
the Zambezi River, where it reduced the 
annual fl ooding on which they rely for cul-
tivation. The Zambezi used to overfl ow its 
riverbanks, creating rich fl oodplains ideal 
for cultivation. However, the Cahora Basa 
has proved important as the major source 
of hydroelectrical power in Southern Afri-
ca. In 2005, the Southern African Develop-
ment Community (SADC) member states 
agreed on a regional power generation 
initiative, which aims to boost the power 
supply generated by Cahora Basa, as well as 
building a second plant 60 km (37 miles) 
downstream (SADC Today 2005).

Reservoir behind the Cahora Basa Dam Unknown/UNEP/The Water Page
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Challawa Gorge Dam on the Challawa 
River in Nijeria is designed to release water 
into the Hadejia River for subsequent 
storage behind the barrage of the Hadejia 
Valley Project (Thompson 2005). The dam 
was built for securing supplies of potable 
water and irrigation for agricultural land 
around the state capital Kano. 

With 1 000 million m3 (1 308 million 
cubic yards) capacity, the Challawa Gorge 
Dam is the second-largest dam supplying 
water to the city of Kano. The dam is 7.8 
km (5 miles) long and 42 m (138 ft) high, 
and required 5.1 million m3 (6 671 mil-
lion cubic yards) of fi lling material. The 
reservoir thus created has an area of 100 
million m2 (120 million square yards). The 
project essentially consisted of a homo-
geneous dam of decomposed rock. Core 
drilling performed at the dam’s center, 
however, detected the existence of various 
seams in the underlaying rock which made 
it necessary to construct an anti-seepage 
grout curtain. The dam also includes 
construction of a 30 m (98 ft) intake tower, 
intake main and a 600 m (1 967 ft) long 
spillway. Since work on the dam com-
menced as far back as 1977 and was inter-
rupted in 1987, considerable erosion dam-
age occurred to the structure. This made it 
necessary to scratch off the damaged layers 
prior to excavation and fi ll-work. After 26 

months of construction, the dam was com-
pleted (Julius Berger Nigeria Plc n.d.).  

After completion, the Hadejia river 
system —one of the major water sources 
for the Hadejia-Nguru Wetlands located in 
the Lake Chad basin —became more than 
80 per cent controlled by the Tiga and 
Challawa Gorge dams. These two dams  
feed the Kano River Irrigation Project, the 
Hadejia Valley Irrigation Project and the 
Kano City Water Supply (KCWS). Earlier 
agreements to guarantee certain amounts 
of fl ow from the Hadejia river system for 
the downstream communities living in the 
fl oodplains, who are dependent on fl ood 
recession agriculture, have so far not been 
implemented (IUCN 2004).

In this arid region, the fast-growing 
population and its economic activities de-
mand a large share of the water resources. 
Demand is approximately 2.5 times higher 

than available water. Decreasing rainfalls, 
possibly due to climate change have al-
ready reduced fl ows in the basin. 

The result is growing tension between 
water users and regions. This is already 
leading to confl icts. Illustrations include 
the dogged opposition of the downstream 
states of Yobe and Borno to the construc-
tion of Kafi n Zaki Dam, and the incessant 
confl icts between farmers and pastoralists 
over access to water.

Action is being taken to address these 
issues. The Nigerian National Council on 
Water Resources established a Hadejia-
Jama’are-Komadugu-Yobe Coordination 
Committee in 1999. Also, the Lake Chad 
Basin Commission (LCBC) is implement-
ing a GEF-supported programme for the 
integrated management of Lake Chad and 
associated river systems (FAO 1997).

Challawa Gorge 

Reservoir

Hadejia-Jama’are River Basin, 
Northern Nigeria
In Northern Nigeria, an extensive fl ood-
plain exists where the Hadejia and Jama’are 
Rivers converge. The fl oodplain provides 
essential income and nutrition benefi ts in 
the form of agriculture, grazing resources, 
non-timber forest products, fuelwood and 
fi shing for local populations. It also helps 
to recharge the regional aquifer which 
serves as an essential groundwater source. 
However, in recent decades the fl oodplain 
has come under increasing pressure from 
the construction of the Tiga and Challawa 
Gorge dams upstream. The maximum ex-
tent of fl ooding has declined from 300 000 
ha in the 1960s to around 70 000 to 
100 000 ha more recently and there are 
plans for a new dam at Kafi n Zaki. 

Economic analysis of the Kano River 
Project, a major irrigation scheme benefi t-
ing from the upstream dams and tradi-
tional use of the fl oodplain, showed that 
the net economic benefi ts of the fl oodplain 
(agriculture, fi shing, fuelwood) were at 
least US$ 32 per 1000 m3 of water (at 1989 
prices). However, the returns per crops 
grown in the Kano River Project were at 
most only US$ 1.73 per 1000 m3 and when 

the operational costs are included, the net 
benefi ts of the Project are reduced to US$ 
0.04 per 1000 m3. 

A combined economic and hydrologi-
cal analysis was conducted to simulate the 
impacts of these upstream projects on the 
fl ood extent that determines the down-
stream fl oodplain area. The economic 
gains of the upstream water projects were 
then compared to the resulting economic 
losses to downstream agricultural, fuel-
wood and fi shing benefi ts. Given the high 
productivity of the fl oodplain, the losses in 
economic benefi ts due to changes in fl ood 
extent for all scenarios are large, ranging 
from US$2.6-4.2 million to US$23.4-24.0 
million. As expected, there is a direct trade-
off between increasing irrigation upstream 

and impacts on the fl oodplain downstream. 
Full implementation of all the upstream 
dams and large-scale irrigation schemes 
would produce the greatest overall net 
losses, around US$20.2-20.9 million. 

These results suggest that the expansion 
of the existing irrigation schemes within 
the river basin is effectively “uneconomic.” 
The introduction of a regulated fl ooding 
regime would substantially reduce the scale 
of this negative balance, to US$15.4-16.5 
million. The overall combined value of 
production from irrigation and the fl ood-
plain would, however, still fall well below 
the levels experienced if the additional 
upstream schemes were not constructed 
(UNEP n.d.a).

B. Imevbore/UNEP/FAOThe Kadawa River Project in the northern state of Kano includes a short-range 
scheme for safeguards against further drought. Here farmers are being taught 
new irrigation techniques
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The Challawa Gorge Dam, completed 
in 1993, is the second largest of the 23 
dams along the rivers in Nigeria’s Hadejia-
Jama’are River Basin. Although the dam has 
improved the water supply for irrigation, 

CHALLAWA DAM
NIGERIA
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it has also ruptured the fragile natural balance along this stretch 
of water. When it rains heavily, the river can break its banks and 
fl ood farms and land upstream from the dam. Areas downstream, 
meanwhile, do not receive enough water to maintain the wetlands 
bordering the river. Under these conditions, the soil dries out and 
overgrazing occurs, which in turn leads to wind erosion of the 

topsoil. These satellite images provide a comparison of the area 
before and after the dam’s construction. The 1999 image shows 
the degree to which fl ooding upstream impacts the landscape, 
and how the lack of water downstream negatively affects riverine 
wetlands and cropland. The colour of the water in the fl ooded 
area is also indicative of high-sediment content.

Credit: Africa Focus 
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Lake Chivero holds about 250 000 million 
litres (264 000 million quarts) of water and is 
approximately 26 km2 (10 square miles) or 
2 632 ha. Beginning in the mid 1980s, the 

LAKE CHIVERO
ZIMBABWE
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lake became progressively eutrophic, after a recovery period 
from a previous eutrophication phase in the mid 1960s.  While 
these two images suggest an overall reduction of the presence 
of invasive water weeds in Lake Chivero between 1989 and 2000, 
there is evidence that this remains a persistent problem. The 

weeds show up as green strands along the edges of the lake. Like 
most of Zimbabwe’s freshwater bodies, freeing Lake Chivero from 
the weed menace will require long-term eradication strategies, 
continuous monitoring, and a comprehensive integrated water 
basin management programme.
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In recent years, Zimbabwe has instituted 
major control programmes to tackle the 
negative effects of aquatic weed infesta-
tions in its rivers, wetlands and other 
freshwater bodies. The problems have 
proved hard to solve. Three free-fl oating 
weeds—Water Lettuce (Pistiastratiotes), the 
Water Carpet, Azolla (Azolla azolla), and 
Water Hyacinth (Eichhornia crassipes) —are 
the major culprits, with the latter creating 
by far the biggest problem. Aquatic weeds 
disrupt domestic and industrial water sup-
plies, as well as fi shing activities, irrigation 
schemes, hydroelectric power generation, 
and water-borne recreational activities. 
Eradication strategies can also cause addi-
tional problems, with the use of herbicides 
such as 2,4-D linked to serious health risks, 
including cancer, and the use of some non-
endemic biological predators disrupting 
fragile ecological balances.

Further investigations are required to 
identify the most effective control strate-
gies for combating Zimbabwe’s water hya-
cinth infestations. This robust, fast-growing 
weed has a large number of fi brous roots, 
which are highly adapted to absorb nutri-
ents in eutrophic waters. Either free-fl oat-

ing or rooted in shallow waters, it forms 
dense mats, which can weigh as much as 25 
kg/m2 (55 lbs/m2)or 2500 t/ha. The hya-
cinth thrives in nutrient-rich waters, par-
ticularly those adjoining agricultural lands, 
such as Lake Chivero. In such waters, the 
plant’s growth rates can reach a stagger-
ing fi ve per cent per day. Water hyacinth 
propagates itself through vegetative means 
and through seeds, which can remain 
viable for up to 15 years (Gurure 2000). 
This means that, even if the weed is totally 
removed, possibilities for regeneration still 
exist through its seeds. Therefore, long-
term eradication strategies need to include 
continuous monitoring programmes.

Lake Chivero

Table 3.3: Historical trends in phosphorus loading to Lake Chivero

Parameter 1967 1978 1996

P- load, tons yr-1 288  39.6 350

Mean P concentration in infl ow mg l-1 2.25 0.13 1840

Conductivity mS cm-1 160  120  800 
UNEP (n.d.b)

Water hyacinth Ron Bergeron/UNEP/MorgueFile
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Lake Djoudj is about 60 km (37 miles) 
from Senegal’s regional capital of St. 
Louis, close to its northwestern border with 
Mauritania. The lake is part of the Djoudj 
Sanctuary, a 16 000-hectare wetland in 
the Senegal River delta. The sanctuary is 
composed of lakes surrounded by streams, 
ponds and backwaters. The lakes are large, 
open expanses of brackish water with no 
vegetation, whereas the creeks and ponds 
are relatively enclosed and bordered by 
fairly thick vegetation. In 1977, the sanctu-
ary was added to the Ramsar Convention’s 
list of Wetlands of International Impor-
tance. Since 1981, UNESCO has also listed 
it as a World Heritage Site.

Nature tourism is the predominant 
activity within the lake’s vicinity. The local 
people also gather cattails (Typha aus-
tralis) and grass (Sporobolus robustus) to 
make mats. Stray domestic animals pose a 
threat to the wildlife in the area. Navigable 
waterways have become overgrown and 
choked because of the commissioning of 
the Diama Salt Dam on the Senegal River 
20 km (12 miles) downstream (23 km or 
14 miles upstream from the river’s mouth) 
in 1986. The dam’s primary function is to 
prevent saltwater intrusion from the Atlan-

tic Ocean; it is closed during the dry season 
from November to June, and gradually 
opened during the rainy season, generally 
around July. The Diama Dam has improved 
river navigation, and a series of dikes were 
also built to protect the banks along the 
river downstream from the dam.

The Djoudj Sanctuary forms a living but 
fragile reserve for an estimated 1.5 million 
resident waterbirds, including the Purple 
Heron, the African Spoonbill, the Great 
Egret, the Cormorant, and the Great White 
Pelican (Pelecanus onocrotalus), which has a 
large breeding colony numbering 15 000 
birds. The Arabian Bustard (Ardeotis arabs), 
a highly endangered species, is starting to 
make occasional appearances. Almost 3 

million birds from more than 350 species 
visit the sanctuary each year.

Over the past 30 years, however, agricul-
tural activities have taken a heavy toll on 
this vital wetland. Before 1965, fl ood-based 
agriculture was dominant in the Djoudj 
basin. Then, as a result of a hydro-agricul-
tural improvement programme instituted 
by the state-run Delta Improvement and 
Exploitation Society (SAED), irrigation-
based agriculture took over. Since the 
SAED’s withdrawal and the introduction 
of an agricultural loans system, individual 
farmers’ development groups have over-
seen the expansion of small-scale irriga-
tion schemes—and increasing freshwater 
extraction from the Senegal River.

Lake Djoudj

Giant Salvinia
Giant salvinia (Salvinia molesta ) is consid-
ered to be one of the world’s worst aquatic 
pests. It is an aggressive, competitive spe-
cies that can impact aquatic environments, 
local economies, and human health. In fa-
vorable environments plants can be expect-
ed to double within about a week and ex-
cessive growth of giant salvinia can result in 
complete coverage of water surfaces.  This 
degrades natural habitats in several ways 
by competing with and shading desirable 
native vegetation. Mats of fl oating plants 
prevent atmospheric oxygen from entering 
the water while decaying salvinia drops to 
the bottom, consuming dissolved oxygen 
needed by fi sh and other aquatic life. Ani-
mal habitat is most noticeably altered by 
the loss of open water. Migrating birds may 
not recognize or stop at waterbodies cov-
ered with giant salvinia. Giant salvinia clogs 
water intakes, interfering with agricultural 
irrigation and electrical generation, and 
the fl oating mats provide excellent habitat 
for disease carrying mosquitoes. Salvinia 
reproduces so rapidly that infestations rap-
idly become impossible to eradicate. The 
mats have been reported to be up to 91 cm 
(3 ft) thick which hinders management by 
chemical control (WAPMS, 2006). 

Giant Salvinia fi rst appeared in the Sen-
egal River delta in September 1999 and has 
since spread to many bodies of water and 
water basins, disturbing the existing biolog-
ical equilibrium and threatening human 
health as well as the overall ecological and 
economic characteristics of the delta. This 
invasive species directly threatens the Parc 

National des Oiseaux du Djoudj (Djoudj 
Sanctuary), included in the Montreux 
Record in 1993 and formerly placed on the 
list of endangered UNESCO World Heri-
tage sites in 1984, and the Parc National du 
Diawling in Mauritania (UNESCO, 2006).

© Barry Rice/sarracenia.comSalvinia molesta

57



58

Situated in the Senegal river delta, the 
Djoudj Sanctuary is a wetland of 16 000 ha, 
comprising a large lake, referred to as Lake 
Djoudj in this publication, surrounded by 
streams, ponds and backwaters. These two 

LAKE DJOUDJ
SENEGAL
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images show the Djoudj Sanctuary before and after the construc-
tion of the Diama Dam. The image from September 1979 shows 
the impact of drought on the Djoudj Sanctuary, while the image 
from November 1999 shows rejuvenation of the sanctuary wet-
lands due to the signifi cant fl oods of that year. The two images 

vividly depict the impact of climate variability on the Djoudj 
Sanctuary—and demonstrate the broader need for close monitor-
ing of the impacts of climate variability and climate change on 
lake environments.
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Lake Ichkeul is the last remaining lake in a 
chain that once extended across North Afri-
ca.  The construction of three dams on rivers 
supplying Lake Ichkeul and its marshes has 
cut off almost all infl ow of fresh water, caus-

LAKE ICHKEUL
TUNISIA
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ing a destructive increase in the salinity of the lake and marshes. 
The 1972 image shows the three feeder rivers supplying the lake 
before they were dammed. The 2000 image shows the location 
of the dams (yellow arrows) built to increase irrigation and water 
supplies to local communities. However, the decreasing water 

discharge into the lake caused by the damming lead to prolonged 
drought of the surrounding marshlands. Changes to the prevalent 
vegetation and other serious ecological changes have inevitably 
led to a decrease in the number of birds using the lakeshores as a 
breeding site.
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Lake Ichkeul
Lake Ichkeul is the only natural lake 
left in Tunisia, and the sole survivor of a 
chain of lakes that once extended across 
North Africa. The lake and its surround-
ing marshes are an important stopover 
for hundreds of thousands of migrating 
waterbirds, including several species of 
geese and ducks, storks, coots, fl amingoes, 
and the globally threatened White-headed 
Duck (Oxyura leucocephala). All stop to feed 
and nest here. But recent human changes 
to the lake’s ecology, including the dam-
ming of three of its main feeder rivers, 
have resulted in a signifi cant decline in the 
number of birds using Lake Ichkeul as a 
breeding site.

Ichkeul sits in an endorheic basin —in 
other words, it is a lake with no outlet. 
During the dry summer months, it be-
comes progressively shallower and more 

saline as a result of evaporation and salty 
infl ows from the neighbouring Bizerte 
Lagoon, to which it is linked by canal. Be-
tween October and March each year, the 
lake receives runoff from winter rains via 
six infl ow channels, or “oueds,” which rais-
es its levels and reduces its salinity (which 

averages about 13.5 per cent). However, 
over the past two decades, the Tunisian 
Government has partially implemented 
plans for damming all of the oueds that 
feed the lake—leading to a prolonged 
drought of the surrounding marshlands.

Ichkeul National Park
In northern Tunisia near the shore of the 
Mediterranean Sea, the lake and wetlands 
of Ichkeul National Park are an important 
stopping-over point for hundreds of thou-
sands of migrating birds each year. Among 
the lake’s visitors are ducks, geese, storks, 
and pink fl amingoes. The park is on the 
United Nations Educational, Scientifi c, 
and Cultural Organization’s (UNESCO) 
list of World Heritage sites, and since 1996, 
the park has also been on the group’s List 
of World Heritage Sites in Danger. Dam 
construction on the lake’s feeder rivers has 
produced major changes to the ecological 
balance of the lake and wetlands.

The pair of satellite images shows 
changes in the lake level and aquatic veg-
etation between 14 November 2001 (top), 
and 29 July 2005 (bottom). Vegetation ap-
pears red, bare or thinly vegetated ground 
is tan, and water is blue. Although the 
lake level is higher in 2005 than in 2001, 
a large part of the lake appears red due 
to the presence of aquatic plants. Because 
dams have sharply reduced the freshwater 
infl ow to the lakes and marshes, reed beds, 
sedges, and other fresh-water plant species 
have been replaced with salt-loving plants. 
These changes have produced a sharp re-
duction in the migratory bird populations, 
which depended on the mix of plants that 
used to exist.

According to the UNESCO Website, 
the Tunisian government has undertaken 
some steps to retain freshwater and reduce 
salinity, but some reports from the World 
Conservation Union suggest that the salin-
ity has already become excessively high 
and the possibility for rehabilitation may 
be rapidly disappearing (NASA 2005c).

The large images each cover an area of 11.4 by 20.0 kilometers, and they are centered near 37.1 degrees North, 9.7 degrees East.
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The Lesotho Highlands Water Project 
(LHWP) is bi-national, multi-purpose 
undertaking between the Kingdom of Le-
sotho and the Republic of South Africa. It 
is one of Africa’s largest ever water trans-
fer projects as well as the largest ongoing 
bi-national construction project on the 
continent. The project consists of fi ve pro-
posed dams, 200 km (124 miles) of tunnels 
blasted through the Maluti Mountains, and 
a 72 megawatt hydropower plant that will 
supply power to Lesotho. Construction be-
gan in 1984 with the fi rst dam, Katse, which 
was fi nished in 1998. Mohale, the second 
dam, began impoundment in Novenmber 
2002 and reached over-spill 13 February 
2006, indicating that the reservoir was at 
full capacity. The entire project is expected 
to cost US$8 000 million by the time of 
its completion in 2020 (South Africa 
Info 2004).

The Lesotho Highlands Water Project 
lies within the summer rainfall area of 
Southern Africa where more than 85 per 
cent of the annual rainfall occurs in the 
seven months from October to April.  The 
Lesotho Highlands—with its high level 
of rainfall and high basalt surface area 
of the Maloti mountains —is an outstand-

ing catchment area. Water originating in 
the mountains is characterised by good 
chemical quality and low sediment con-
tent. Estimates by the LHWP of the natural 
mean annual run-off at the sites of four 
dams are in Table 3.4. Although the moun-
tain region of Lesotho constitutes only fi ve 
per cent of the the total catchment of the 
Senqu/Orange river, it provides about 50 
per cent of the total catchment run-off.  

The project also aims to address the 
needs of South Africa’s rapidly growing 
Gauteng province. Home to 40 per cent 
of South Africa’s population, it generates 
almost 60 per cent of the country’s indus-
trial output and 80 per cent of its mining 
output.  The region’s main water source, 
the Vaal river, is not able to meet current 
demands. With the completion of the latest 

building phase many of Gauteng’s water 
problems will be solved for the immediate 
future. The dam is expected to help rejuve-
nate the Vaal River.

Critics of the controversial project point 
to a number of problems that include the 
dramatic changes of the formerly remote 
mountain communities of the Lesotho 
Highlands; the moving of 20 000 people 
into the project region; the introduction 
of AIDS by the work force; and signifi cant 
increases in prostitution and alcohol-
ism. Environmental concerns include the 
prospective loss of thousands of hectares of 
arable or grazing land, downstream reduc-
tions in wetlands habitat, less water avail-
able downstream for people and wildlife, 
reductions in fi sheries, and cessation of 
natural fl ooding (Byers 2002).

Lesotho High-

lands Water 

Unknown/UNEP/The Mountain Club of South AfricaKatse Dam, Lesotho
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Dam River Catchment Area km2 Mean Annual hm3 Run-Off m3/s

Katse Malibamats’o 1 860 656 20.8

Mohale Senqunyane  938 367 11.6

Mashai Senqu 7 977 1 569 49.7

Tsoelike Senqu 10 375 1 891 59.9

Source: LHWP n.d.

Table 3.4: Annual natural mean run-off at four dam sites
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The Lesotho Highlands Water Proj-
ect is one of the largest infrastructure 
projects ever undertaken on the 
African continent. The project is de-
signed to divert water from Lesotho’s 

LESOTHO HIGHLANDS
LESOTHO
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Maloti Mountains to South Africa’s urban and industrial Gauteng 
Province, while providing impoverished Lesotho with hydroelec-
tric power and profi ts from the sale of water. An 82 km (51 mile) 
water transfer-and-delivery system is already in place, and four 
major dams are at various stages of completion in key locations. 
However, many questions remain unanswered about these dams’ 

social and environmental impacts. The fi rst, the Katse Dam on 
the Orange River, closed its gates in 1995, creating an enormous 
reservoir—along with serious social and environmental concerns. 
These two images provide a comparison of the area before and 
after the Katse Dam’s completion, with its full extent and effects 
clearly visible in the 2001 image.



66

Lake Manantali on the Bafi ng River contrib-
utes to power generation and irrigation in 
the surrounding areas. These two images 
illustrate some of the physical changes that 
have occurred in the Bafi ng riverine system 

LAKE MANANTALI
MALI
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since the construction of the Manantali Dam, which began in 
1981. The 1977 image shows the original meandering nature of 
the Bafi ng River, which annually deposited rich fl uvial soils used 
by local people for growing sorghum and other crops on its fl ood-

plains. The 1999 image shows the extent of irrigated agriculture 
in the surrounding area, which rapidly expanded after the dam 
was fi lled between 1986 and 1988. The increase in water quantity 
is also clearly visible in 1999 image.
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Built in the early 1980s on the Bafi ng 
River, one of the three main tributaries of 
the Senegal River, the Manantali Dam was 
originally intended to power a 200 MW 
hydroelectric station, with 1 300 km (808 
miles) of transmission lines serving the cap-
ital cities of Bamako (Mali), Nouakschott 
(Mauritania), and Dakar (Senegal). Mea-
suring 1 460 m (4 790 ft) long and 65 m 
(213 ft) high, the dam created a reservoir 
with a storage capacity of 11.3 million mil-
lion m3 (14.8 million million cubic yards) 
and a surface area of 477 km2 (184 square 
miles)(IRN 1997).

Built under the auspices of the Orga-
nization pour la Mise en Valeur du Fleuve 
Senegal (OMVS), the dam was designed to 
generate hydropower, to irrigate an area 
of 3 750 km2 (1 448 square miles), and to 
expand navigation between the cities of 
St. Louis and Kayes. At US$25 000-40 000 
per hectare, however, the construction of 
the irrigation networks fed by the reservoir 
proved to be more expensive than origi-
nally planned. Instead of 3 750 km2 (1 448 
square miles), only about 1 000 km2 (386 
square miles) of land has been brought 
under irrigation so far. With irrigation, the 
traditional sorghum crop has been re-
placed by rice. Even for the richer farmers, 
however, irrigation has proved to be more 
cumbersome and less productive than 
envisaged, with the lack of electric power 
necessitating the purchase of expensive 
diesel to run their pumps.

The Manantali Dam has not just af-
fected local patterns of agriculture, but 

has led to violent confl icts at both national 
and regional levels. When the dam proj-
ect opened new prospects of commercial 
agriculture, land legislation in Mauritania 
was rewritten in order to abrogate the 
land rights of black peasants who had 
lived along the riverbank for generations. 
In 1989, the killing of Senegalese farmers 
by Mauritanians triggered an outbreak 
of ethnic violence that saw hundreds of 
people killed and some 70 000 Maurita-
nian peasants expelled to Senegal. The 
two countries’ militaries engaged in armed 
skirmishes, and nearly went to war over 
the confl ict.

The impact of the Manantali Dam on 
traditional agriculture has been equally se-
rious. For many centuries, the annual fl ood 
of the Senegal River has been the basis for 
fl ood-recession agriculture, fi shing and 
cattle-grazing. Sorghum is still the staple 
food for more than 100 000 families in the 
fl oodplains. With the construction of the 

dam, however, the annual fl ood has been 
reduced to an artifi cial two-week fl ood. 
The new hydropower plant will compete 
with the artifi cial fl oods for agriculture, 
and will reduce the fl ooded area by anoth-
er 20 000 ha (World Bank n.d.).

Traditionally, the Senegal River inun-
dated about 150 000 ha on average and 
up to 350 000 ha in high-fl ow years. The 
World Bank reports that after hydropower 
construction, fl oods will still allow farming 
on at least 50 000 ha, except in very dry 
years. There is reason to doubt this state-
ment. Critics argue that the World Bank’s 
forecast is based on outdated hydrological 
data and does not refl ect the reduced rain-
fall patterns that have prevailed since the 
1970s. On the basis of actual recent fl ows, 
the average fl ood is more likely to extend 
to 30 000 ha, and every third year there will 
be insuffi cient water for any fl ood at all.

 

Lake Manantali

A fi eld of grain sorghum Larry Rana/UNEP/USDA
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Lake Nakuru
Lake Nakuru National Park is the second 
most visited protected area in Kenya. It 
hosts the world’s largest concentration of 
fl amingos, as well much of the wildlife that 
makes Kenya a highly valued tourism 
destination, including lions, leopards, 
rhinos, and buffalo.  In its total area of 
18 800 hectares (46 456 acres), there are 
over 450 bird species and 56 mammal 
species.  Recognized as a wetland of in-
ternational importance, Lake Nakuru was 
declared a Ramsar Site in 1990.

One of the most pressing threats to the 
lake is the degradation of its catchment 
which is most likely to increase fl uctuation 
in water fl ow and decrease water quality.  
On 16 February 2001, the Government of 
Kenya announced its intention of excising 
35 301 hectares (87 231 acres) of forest in 
Eastern Mau Forest Reserve.

This excision took effect in October 
2001 by Legal Notice 142 that appeared in 
the Kenya Gazette Supplement of 19 Octo-
ber 2001.  With this excision, most of the 
forest cover in the upper catchment of the 
main rivers that feed Lake Nakuru 
will disappear.  

Christian Lambrechts/UNEP
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Table 3.5: Vegetation cover changes in the catchment of Lake Nakuru*  

Forest Reserves 1973 2001 Changes
 (ha) (ha) (%)
Inside Forest Reserves      

Closed forest 33 230 15 925 -52%

Bush / open forest 5 441 5 665 4%

Outside Forest Reserves      

Closed forest 8 509 7 323 -14%

Bush / open forest 28 287 8 507 -70%

TOTAL 75 467 37 420 -50%

% of total catchment area 46% 23%  

* Changes are based on a preliminary interpretation of Landsat images.

No ground truthing exercise has yet been undertaken.

Source: UNEP 2002.

Gray Tappen/UNEP/USGS

Christian Lambrechts/UNEP
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Located in southwest Kenya’s Great Rift Val-
ley, Lake Nakuru is the centrepiece of Lake 
Nakuru National Park, the country’s second 
most visited protected area. The lake hosts 
the world’s largest concentration of fl amin-

 Flamingos on Lake Nakuru         Credit: Gray Tappan

LAKE NAKURU
KENYA
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gos, as well as many of Kenya’s more charismatic mammal species, 
including leopards and the rare black rhinoceros. Its 188 km2 (73 
square miles) are home to more than 450 bird and 56 mammal 
species. Despite its declaration as a Ramsar-protected wetland in 
1990, the continuing degradation of land cover in Nakuru’s popu-
lous catchment area is likely to increase fl ow fl uctuations and de-

crease water quality in the lake. In 2001, the Kenyan Government 
announced its intention to excise 353 km2 (136 square miles) of 
forest in the Eastern Mau Forest Reserve (ringed in white in the 
2000 image)—a decision that could result in the disappearance of 
most of the forest cover in the upper catchment of the main rivers 
feeding Lake Nakuru.

Vegetation around Lake Nakuru Credit: Gray Tappan
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Lake Sibaya is narrowly separated from the 
sea by a range of high forested coastal dunes. 
The lake is home to large hippopotamus 
and crocodile populations, although their 
numbers have dropped over the last fi fteen 

LAKE SIBAYA
SOUTH AFRICA
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years due principally to poaching. The lakeshore is also home to 
the only known population of a rare climbing orchid.  The yellow 
arrows vividly show the increase in cultivation of marginal lands 
around Lake Sibaya. Agriculture in the lake catchment and along 
its drainage lines may cause erosion, eutrophication, pollution, 

and the drying up of wetlands around the lake raising concerns 
among environmentalists. Although Lake Sibaya has been desig-
nated a wetland of international importance, there has been little 
effort by communities around the lake to practice sustainable 
management or to protect the rare species found in the region.
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Lake Sibaya 

Lake Sibaya, situated on the coastal plain 
that makes up north-eastern KwaZulu-Natal 
in South Africa, is the country’s largest nat-
ural freshwater lake, with an area of 60–70 
km2 (23–27 square miles). Surface water in 
the surrounding coastal plain often disap-
pears completely during dry years, making 
the lake the only permanent source of 
water for mammals and birds. This wetland 
also supports several of the region’s rural 
communities, which in many cases are to-
tally dependent on its water and associated 
fl ora and fauna. A Ramsar conservation 
site, Lake Sibaya is also an important link 
between Kosi Bay and St. Lucia—providing 
a vital stepping stone for the extension of 
tropical elements down the east coast.

The lake system contains the second 
largest population of hippos and croco-
diles in KwaZulu-Natal, together with 18 
species of fi sh, one of which, a freshwater 
goby, is endemic to the system. Twenty-two 
species of frogs and eight reptile species 
are associated with the lake. Of 279 bird 
species recorded in the area, 60 nest and 
breed around the lake. Numerous threat-
ened species occur within the lake system, 
including the only known population of 

a particular species of climbing orchid, 
Vanilla roscheri.

Although Lake Sibaya has an abun-
dance of coastal resources, it is also suscep-
tible to pollution and siltation due to hu-
man infl uences and the endothecia mosses 
that grow around the lake. DDT spraying 
for malaria control in the area is a cause of 
concern, while more recently interest has 
been shown in spraying molluscacide in 
the wetlands to destroy the bilharzia snail 
known to carry schistosomiasis . However, 
molluscacide is a poison that is also known 
to kill invertebrates and small fi sh (World 
Lakes, 2005). Hippo and crocodile num-

bers have plummeted by 40 per cent 
over the past 15 years, principally due 
to poaching.

Since 1990, extensive cultivation and 
deforestation in the lake’s catchment area 
has increased erosion and eutrophication 
in most of the drainage lines feeding the 
lake system. Many of the poor local com-
munities see logging as a means of improv-
ing their standard of living, leading to the 
injudicious burning of large areas of 
forest. There is clearly a growing and 
urgent need to educate these communi-
ties on the sustainable use of their natural 
coastal resources.

Schistosomiasis (Bilharzia)
Schistosomiasis, also known as bilharzia (bill-
HAR-zi-a) or snail fever, is a disease caused 
by a blood fl uke—a parasite which has a 
life-cycle split between humans and fresh-
water snails. The adult fl ukes, up to 2 cm 
(0.8 in) long, live inside the blood vessels 
surrounding the gut or bladder of the hu-
man host.

Infection occurs when skin comes in 
contact with contaminated fresh water in 
which certain types of snails that carry schis-
tosomes are living. This fresh water becomes 
contaminated by Schistosoma eggs when 
infected people urinate or defecate in the 
water. The eggs hatch, and if certain types 
of snails are present in the water, the para-
sites grow and develop inside the snails. 
The parasite leaves the snail and enters 
the water where it can survive for about 48 
hours. Schistosoma parasites then can pen-
etrate the skin of persons who are wading, 
swimming, bathing, or washing in contami-
nated water. The parasites can also enter 
through the lining of mouth or intestinal 
tract of people who drink untreated water. 
Within several weeks, worms grow inside 
the blood vessels of the body and produce 
eggs (MCW 1999).

The body’s immune system recognises 
that the eggs of the fl uke are foreign invad-
ers and tries to destroy them. The side 
effects of this powerful immune response 
include anaemia, infl ammation, formation 

of scar tissue, dysentery, enlargement of 
the spleen and liver, cancer of the bladder, 
and cirrhosis of the liver. Some of these 
eggs travel to the bladder or intestines and 
are passed into the urine or stool.

 Some 200 million people are thought 
to suffer from this disease in the tropics, 
and 750 000 people a year die. Schistosomia-
sis ranks second behind malaria in terms 
of parasitic diseases and is endemic in 74 
developing countries, mostly in Africa.

Schistosomiasis is readily treated using a 
single oral megadose of the drug Praziqu-
antel. While Praziquantel is safe and highly 
effective in curing an infected patient, it 
does not prevent re-infection and is not an 
optimum treatment for people living in en-
demic areas. As with other major parasitic 
diseases, there is ongoing and extensive 
research into developing a vaccine that will 
prevent the parasite from completing its 
life cycle in humans (Wikipedia n.d.).

Collective fi shing in in Mali, a common means of Schistosomiasis transmission 
from snail to human hosts, often with serious health consequences.

Geoff Garnett/UNEP/Imperial College–London
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The shallow 74 km2 (29 square miles) Son-
gor Lagoon is situated to the west of Gha-
na’s Volta River estuary, and is one of two 
large lagoon systems associated with this 
major river estuary. Comprising a brackish 
lagoon with extensive mudfl ats and islands, 
saltpans, a broad sandy beach, and a num-
ber of small streams, the open water of the 
lagoon covers about 11 500 ha and extends 
about 20 km (12 miles) along the coast and 
8 km (5 miles) inland. It is separated from 
the sea by a narrow sand dune on which 
several small villages are situated. The 
lagoon’s importance to birdlife and ma-
rine fauna, including several endangered 
species of turtle, earned its designation as a 
Ramsar protected wetland (Finlayson et al 
2000; Piersma and Ntiamoa-Baidu 1995).

Human activities in and around the 
lagoon include farming, fi shing and 
intensive salt extraction. Salt production, 
the main human activity, has led to the 
extensive modifi cation of the ecosystem 
and the reduction of endemic fi sh and 
benthic fauna. As well as many waterbird 
species, the lagoon hosts several globally 
threatened turtles, including the Leather-
back (Dermochelys coriacea), the Olive Ridley 
(Lepidochelys olivacea), and the Green Turtle 

(Chelonia mydas). Some recreation and 
tourism occurs here, including bird-watch-
ing, turtle-watching, and boating.

Songor lagoon is the site of an artisanal 
salt industry dating back to over a century 
and continuously expanding. The lagoon 
is also convenient for tourism. Expatriates 
and Ghanaians go there for speed boat-
ing, recreational fi shing and bird watch-
ing during weekends and public holidays. 
About 200 hectares of the Songor lagoon is 
also suitable for shrimp pond development 
(Ghana Tourism n.d.).

The land around the lagoon is low-ly-
ing, with the highest point less than 10m 
(33 ft) above sea-level. Channels, which in 

the past provided direct connection with 
the Volta River, are effectively blocked. The 
lagoon has no direct access to the sea and 
seawater replenishment is from seepage 
through the sand-dunes.  The main wet-
land vegetation-type is saline marsh, with 
degraded mangroves (mainly Avicennia sp.) 
and waterlogged grassland along the mar-
gins of the lagoon, and riverine woodland, 
scattered thickets of shrubs, climbers and 
small trees on higher ground. Terrestrial 
vegetation away from the lagoon is largely 
degraded coastal savanna. Human activities 
in and around the lagoon comprise mainly 
farming, fi shing and intensive salt extrac-
tion (BirdLife International 2006).

Songor Lagoon

A leatherback turtle comes in closer for a better look Unknown/UNEP/Gulf of the Farallones NMS
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Songor Lagoon is one of the major lagoon 
systems, associated with the Volta river estu-
ary, with a surface area of about 115 km2 

(44 square miles). These two images show a 
conspicuous reduction in the surface area 

SONGOR LAGOON
GHANA
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of Songor Lagoon—and the environmental health of the wider 
region. The deep blue open-water area is dramatically reduced 
in the 2000 image, with large areas of bare ground exposed. 
Although some of these changes may refl ect seasonal or annual 

rainfall variability, closer analysis indicates a more permanent and 
signifi cant decline in the lagoon’s surface area. The two main rea-
sons for this appear to be salt extraction at the western end of the 
lagoon and diversion of feeder streams for irrigation.
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These two images show the dramatic human-
induced changes in and around Lake Tonga 
over the past 15 years. The damming of the 
feeder rivers of Lakes Tonga and Oubeira 
(shown in the bottom part of the 2000 im-

LAKE TONGA
ALGERIA
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age) has resulted in increasing irrigation around the dams and a 
drastic reduction in the volume of water entering the lake. The 
2000 image was acquired during the rainy season, showing an in-
crease in the water volume after the 1999 drought, which had left 
the lake virtually dry. The widespread ecological changes caused 

by the construction of dams around Lake Tonga should serve as 
an eye-opener to the community. Environmental Impact Assess-
ments of the area could assist African policymakers with informa-
tion to make informed choices about future projects.
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Lake Tonga is one of the lakes in Africa 
that has been most dramatically affected 
by human infl uences and climate change. 
Situated east of the town of El Kala in the 
most northeastern part of Algeria, the lake 
dried up completely in 1999 due to the 
uncontrolled withdrawal of its water and 
the damming of its upper stream, following 
a serious drought in the area.

Lake Tonga’s catchment area includes 
the natural wetlands of the Mediterranean 
region, and the lake itself harbours a sig-
nifi cant variety of waterbirds, invertebrates, 
reptiles, amphibians and fl ora. It supports 
several endangered species, including the 
White-headed Duck (Oxyura leucocephala), 
the Ferruginous Duck (Aythya nyroca), 
and the otter (Lutra lutra). The lake is an 
important wintering and breeding area 
for numerous waterbirds, although their 
presence is threatened by its dramatically 
reduced water levels.

The state-owned lake faces numerous 
human-induced threats, including poach-
ing, eel fi shing, invasive weeds, siltation of 
its outlet river, wastewater disposal from 
surrounding settlements, and water extrac-
tion for irrigation and domestic supplies. 
Its microclimate allows some tropical spe-
cies of vegetation to persist, although many 
may have disappeared as a result of drain-

age works over the centuries. Early drain-
age led to the replacement of much of 
the open water by dense emergent vegeta-
tion. In 1937, attempts to drain the marsh 
ceased. In the 1980s the outfl ow sluice was 
closed in winter to store water for irriga-
tion and to improve lakeside grazing. The 
elevated water levels, however, also killed 
off up to 90 per cent of the alder forest 
(Alnus spp.) and some of the clubrush beds 
(Scirpus lacustris) in the northern half of 
the lake. The proposed planting of exotic 
poplars and cypresses on the shores of the 
marsh could also lower the water-table. 
There is also reported to be high hunting 
pressure around the lake, especially 
on weekends.

A Monitoring Procedure Mission to 
Lake Tonga in 1990 made several recom-

mendations, including establishing the 
lake itself as a zone of strict protection 
within the Parc National d’El Kala, with 
strict bans on hunting and eel fi shing. 
It was reported that many birds and ot-
ters were being killed in eel fi shing nets. 
The mission further recommended that 
surface and groundwater extraction from 
the lake should be strictly controlled, and 
that a regional plan should be drawn up 
for the conservation of the area’s land and 
water resources. The site was added to the 
Montreux Record in 1993 because of con-
cern about decreases in water supply to the 
lake and the spread of emergent aquatic 
vegetation in open water areas (BirdLife 
International 2005).

Lake Tonga

Unknown/UNEP/WikipediaWhite-headed duck
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IBAs in Algeria
Algeria is the second largest country in 
Africa hosting over 400 species of birds. 
Algeria’s wetlands, in particular those 
along the coast and on the plateau south 
of Constantine, are of huge importance for 
migratory and resident waterbirds including 
three globally threatened species Marbled 
Teal (Marmaronetta angustirostris), Ferrugi-
nous Duck (Aythya nyroca) and White-head-
ed Duck (Oxyura leucocephala). The coastal 
lagoons around El Kala are considered to 
be the most important site for breeding 
waterbirds in eastern Algeria and one of 
the most important in the Mediterranean. 
A total of 31 Important Bird Areas (IBAs) 
have been identifi ed in Algeria which cover 
130 000 km2 or some 5.5 per cent of the 
land surface (although the exact boundar-
ies of some sites remain undefi ned).   Lake 
Tonga is one of the IBAs in this complex. 
The site comprises a marshy basin and a 
shallow, seasonal freshwater to brackish lake 
bounded in the north by an extensive sand 
dune system (Africa Bird Club 2006). 

Marbled teal O. Peyre and G. Durand/UNEP/Africa Bird Club

Black-shouldered Kite O. Peyre and G. Durand/UNEP/Africa Bird Club

O. Peyre and G. Durand/UNEP/Africa Bird ClubSpotted Flycatcher
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As shown in this Atlas, Africa’s lakes 
contribute signifi cantly to socio-eco-
nomic development of the African 

region.  Systematically, three main catego-
ries of values are distinguished: direct, indi-
rect and symbolic values. The most obvious 
(direct) use of lakes is as a source for drink-
ing water, irrigation, transportation, fi shing 
and the water supply for households and 
industry. Additionally, water bodies are 
breeding grounds for migratory waterfowl 
and home to myriad species of fl ora and 
fauna. Indirect values imply water-retention 
mechanisms during fl ooding, impacts on 
local climate and sinks for wastewater dis-
charges. Symbolic values include religious 
and spiritual purposes, and the references 
to water in the expressions of art.

However, these lakes are subject to high 
levels of rapid population growth, urban-
ization, industrialization, mining develop-
ment, expansion of irrigated agriculture, 
and impacts of climate change. These 
pressures alter ecosystem processes and 
result in several threats on the lakes includ-
ing: loss of biodiversity, over-fi shing, eutro-
phication, proliferation of invasive weeds, 
siltation, toxic contamination and over-ab-
straction of water. It is important to note 
water systems are sensitive barometers of 
the health of our planet. While water cov-
ers most of the earth’s surface, only about 
two per cent of the water body consists of 
freshwater—and most of that is bound in 
polar icecaps. Freshwater in a liquid state 
is, indeed, very scarce. Greatly aggravating 
the problem is the fact that a great part of 
the world’s available freshwater is concen-
trated in a relatively few large lakes, many 
of which are shared by two or more coun-
tries. At the same time lakes are a source 
of livelihoods for most African communi-
ties yet there is a lot of mismanagement 
and over utilization of these water bodies 
in Africa. African lakes are also subject to 
climatic change despite human-induced 
pressures. Lakes in Africa are avenues of 
economic development. They are also 
sources of diseases if they are not sustain-
ably managed.

In the years since UNCED, the impor-
tance of lakes as invaluable natural resourc-
es has increasingly been acknowledged. For 
instance, water is identifi ed as a central is-
sue in the Millennium Development Goals, 
a set of time-bound and measurable goals 

and targets for combating various environ-
mental and development problems ad-
opted by heads of state gathered at the UN 
Millennium Summit in September 2000. 
Water resource management has also come 
high on the agenda at the World Summit 
on Sustainable Development (WSSD) held 
in Johannesburg in September 2002 (Rio 
+10). One of its major output documents 
agreed to by the participating govern-
ments, the Plan of Implementation, calls 
for a number of immediate actions for the 
promotion of integrated water manage-
ment. The importance of management of 
Tran boundary water systems has also been 
explicitly and concretely recognized by the 
international community, as signifi ed by 
the establishment of the Convention on 
the Law of the Non-navigational. Although 
there is a lot said about lakes as avenues for 

development little has been done to assess 
the impact of human infl uence on these 
lakes. There is need to monitor and evalu-
ate the changes and pressure exerted in 
humanity as a way to map out sustainable 
management of this water bodies. The use 
of satellite imagery is one of the modern 
ways that we can use to show and map out 
the changes experienced in most African 
lakes. The imagery can show changes over 
different time periods and have a wide cov-
erage. The use of geographic information 
systems (GIS) and remote sensing tech-
nology are powerful tools for monitoring, 
management, modeling and evaluation 
of environmental impacts. These tools, as 
illustrated in this Atlas, will help policymak-
ers develop informed decisions on 
management of African lakes and their 
related ecosystems.

4Africa’s Lakes 
Epilogue

Figure 4.1: Water managed areas FAO 2005
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Appendix: Some principle lakes, reservoirs, and lagoons of Africa. (Those highlighted are illustrated case studies in this Atlas).

Name Country Longitude Latitude Altitude  Surface area Maximum  Length  Volume Mean  

    [m]  [km2] depth [m] of shore- [km3] depth[m]

       line[km] 

A el- Gsebaia, Lake Libya 24.70E 29.61N      

Abaya, Lake   Ethiopia 37.4E 6.1N 1,285 1,160 7 13 8.2 225
(formerly Lake 
Margherita)

Abe, Lake Djibouti, Ethiopia 41.45E 11.10N 310 780    

Abhe, Lake Ethiopia 41.4E 11.1N 243 320 8.6 37 3 

Abijata, Lake Ethiopia 38.4E 7.3N 1,573 205 7.6 13 0.75 205

Aby Lagoon Cote d’Ivoire 3.08W 5.15N 1 780    

Afambo Hayk, Lake Ethiopia 41.71E 11.41N      

Afrera ye’ch’ew, Lake Ethiopia 40.94E 13.29N  100    

Aheme, Lake Benin 1.95E 6.47N      

Al Massira, Lake Morocco 7.56W 32.46N  141   2.76 

Al Wahda, Lake Morocco 5.34W 34.77N  123   3.8 

Alaotra, Lake Madagascar 48.5E 17.5S  200  4  

Albert, Lake DR Congo, Uganda 30.5E 1.4N 615 5,300 25 58 280 

Allemanskraal, Lake South Africa 27.23E 28.34S      

Am ‘Abd et Gabbar, Lake Egypt 25.33E 29.26N      

AManzamnyama, Lake South Africa 32.84E 27.06S      

Amaramba, Lake Mozambique 35.93E 14.49S      

Ambadi, Lake Sudan 29.32E 8.66N      

Ambendrana, Lake Madagascar 48.84W 13.57S      

Aougoundou, Lake Mali 3.33W 15.71N  100    

Asejire, Lake Nigeria 4.1E 73N 137 15  19  

Atuo, Lake Ethiopia 34.26E 7.61N      

Awassa, Lake Ethiopia 38.2E 7.0N 1,708 129 11 22 1.3 52
(Awasa, Awusa)

Ayame, Lake Cote d’Ivoire 3.20W 5.75N  150    

Bahi, Lake Tanzania 35E 6S      

Bamendjin, Lake Cameroon 10.55E 5.83N  400    

Banda Nwanta, Lake Ghana 2.25W 8.33N  180    

Bangweulu, Lake  Zambia 29.45E 11.05S 1,140 15,100 4 10 148 490
(Bangweolo)

Banyoles, Lake Zambia 2.4E 42.1N 175 1.12 14.8 46.4 0.0161 9.13

Bardawil, Lake Egypt 33.08E 31.08N  5,390    

Baringo, Lake Kenya 36.63E 0.61N  108 2.5 3.5 0.73 

Barombi-Mbo, Lake Cameroon 9.39E 4.66N      

Beda, Lake Ethiopia 40.41E 9.90N      

Bemamba, Madagascar Madagascar 44.39W 18.89S      

Bisina, Lake Uganda 33.98E 1.65N  150    

Bloemhofdam, Lake South Africa 25.67E 27.67S  300   0.56 

Bogoria, Lake Kenya 36.1E 0.25N 960 34 5.4 10 0.18 

Botsumtwi, Lake Ghana 1.42W 6.50N  49 45 81  

Burigi, Lake Tanzania 31.29E 2.06S  100    

Burullus, Lake Egypt 30.83E 31.50N  350    

Buyo, Lake Cote d’Ivoire 6.98W 6.64N  989   8.3 

Cahora Basa Reservoir Mozambique 31.4E 15.4S 314 43,63 20.9 157 55.8 246

Calueque, Lake Angola 14.63E 17.22S  250    

Chad, Lake Chad, Cameroon,  14.17E 13.2N 280 1,540 4.1 10.5 72 650
 Niger, Nigeria

Challawa Gorge Reservoir Nigeria 6.9E 10.0N  101   0.10 

Chamo, Lake Ethiopia 37.57 E 5.83 N 1,235 551  13  118

Chilwa, Lake (Shilwa) Malawi, Mozambique 35.72E 15.33S 622 1,750 1 2.7 1.8 200

Chishi, Lake Zambia 29.78E 8.90S  1,000    



85

Chiuta, Lake Malawi, Mozambique 35.87E 14.8S  100    

Chott el-Hodna, Lake Algeria 4.67E 35.30N 400 3,620    

D’Afennourir, Lac Morocco 5.17W 33.33N      

Darlington (Mentz), Lake South Africa 25.15E 33.17S  40    

De Hoop Vlei, Lake South Africa 20.38E 34.49S      

Debo, Lake Mali 4.10W 15.32N  100    

Densu Reservoir (Weija) Ghana 0.35W 5.55N 14.1 2,564  15.6  

Djoudj, Lake Senegal 16.2W 16.33N  0 160    

Do, Lake Mali 2.92W 15.88N  150    

Dziani Boundouni, Lake Comoros 43.75E 12.35S  0.3    

Ebrie, Lake Cote d’Ivoire 4.26W 5.30N  589    

Edward, Lake DR Congo, Uganda 0.42 E 29.58 N 912 2,325 17 112 39.53 

Elmenteita, Lake Kenya 36.26 E 0.44 S 1,776 20 0.9 1.2  

Er Rosieres, Lake Sudan 34.42E 11.67N  450    

Eyasi, Lake Tanzania 35.07 E 3.60 S  1,200    

Faguibine, Lake Mali 4.00W 16.75N 280 590  10 4 

Fetzara, Lake Algeria 7.53E  36.78N      

Finch’a’, Lake Ethiopia 37.18E 9.50N  200    

Fitri, Lake Chad 17.43E 12.90N  100    

Garou, Lake Mali 2.79W 16.04N  150    

Gemeri, Lake Ethiopia 41.69E 11.54N      

George, Lake Uganda 30.21E 0.00 914 250 2.4 4.5 0.8 

Gessi, Lake Ethiopia 34.20E 7.65N      

Gove, Lake Angola 15.83E 13.42S  300    

Grand Lahou, Lake Cote d’Ivoire 5.26W 5.17N  199    

Great Bitter Lake Egypt 32.39E 30.37N  200    

Guiers, Lake Senegal 15.83W 16.25N 0 228 1.3 2.5 0.415 150

Hartbeespoort Dam  South Africa 27.86 E 25.78 S  20 9.6   
Reservoir

Hayq, Lake Ethiopia   2,030 35  23  

Hendrik Verwoerd, Lake South Africa 25.67E 30.67S  400    

Ichkeul, Lake Tunisia 9.67 E 37.17 N  126 1 2  

Idriss, Lake Morocco 4.65W 34.14N  40   1.19 

Ihema, Lake Rwanda 30.78E 1.88 S 1,291 90 4.8 7.8 512.6 78

Ihotry, Lake Madagascar 43.67E 21.92S  100    

Iro, Lake Chad 19.42E 10.10N  100    

Ist’Ifanos (Chew  Ethiopia 36.95E 4.72N  300  
Bahir), Lake  

Jebba, Lake Nigeria 4.75E 9.25N  360   1.0 

Jebel Aulia, Lake Sudan 32.22E 14.73N  398    

Jipe, Lake Kenya,Tanzania        

Kabamba, Lake DR Congo 27.03E 7.92S  150    

Kabele, Lake DR Congo 25.95E 8.93S  100    

Kabwe, Lake DR Congo 26.03E 9.17S  100    

Kachira, Lake Uganda 31.13E 0.57S  46    

Kafue Reservoir Zambia 28.37E 15.81S  1,500   20.3 

Kainji Reservoir Nigeria 4.55E 10.40N  1000    

Kampolombo, Lake Zambia 29.4E 11.33S  150    

Kanyaboli, Lake Kenya    11 3   

Kariba, Lake Zambia, Zimbabwe 27.5E 16.79S 485 54 31 78 160 2164

Kifukula, Lake DR Congo 28.53E 9.76S  100    

Kikuletwa, Lake Tanzania 37.42E 3.67S  200    

Kinkony, Lake Madagascar 45.83E 16.15S  100    

Kioga, Lake (Kyoga) Uganda 33.1E 1.4N 914 1,720  5.7 6.21 

Name Country Longitude Latitude Altitude  Surface area Maximum  Length  Volume Mean  

    [m]  [km2] depth [m] of shore- [km3] depth[m]

       line[km] 
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Kisale, Lake DR Congo 26.45E 8.25S  200    

Kitangiri, Lake Tanzania 34.33E 4.08S  100    

Kivu, Lake Rwanda, DR Congo 29.26W 2S 1,460 2,220 240 480 333 

Koka, Lake Ethiopia 39.1E 8.3N 1,590 250 9.14 13 0.01 

Komango, Lake Mali 3.69W 16.5N  200    

Kompienga, Lake Burkina Faso 0.63E 11.16N  220   2.00 

Korarou, Lake Mali 3.28W 15.30N  100    

Kossou, Lake Cote d’Ivoire 5.58W 7.17N  1,500    

Kouilou, Lake DR Congo 12.44E 3.55S  874   35 

Kyle, Lake Zimbabwe 31E 20.23S  100    

La Vallee d’Iherir Lakes Algeria 8.25E 25.24N      

Lagdo, Lake Cameroon 13.97E 8.88N  586   7.70 

Lagos, Lake Nigeria 3.66E 6.52N  378    

Langana, Lake Ethiopia 38.62E 7.62N  170    

Lesotho Highlands  Lesotho 28.52E  29.33S 
Reservoirs     

Liambezi, Lake Namibia 24.33E 17.90S      

Magadi, Lake Kenya 36.27E 1.87S  200  1 0,05 

Mai-Ndombe, Lake  DR Congo 18.20E 2S 340 8,210 5 12 41
(Lake Leopld II) 

Malawi, Lake (formerly  Malawi,  34.5E 0.1S 500 29,500 292 706 7,775 245,000
Lake Nyasa or Niassa) Mozambique, Tanzania

Malombe, Lake Malawi 35.25E 14.67S  300    

Manambolomaty Lake  Madagascar 44.24E 19.1N  7,491
Complex     

Manantali, Lake Mali 10.50W 13N  200    

Manyara, Lake Tanzania 35.83E 3.58S  500    

Manzala, Lake Egypt 32E 31.15N <1 1,360    

Mape, Lake  Cameroon 11.31E 6.18N  520   3.20 

Marais de Toumbos Mauritania 16.33W 16.83N  200    

Mare aux hippopotames Burkina Faso 4.7W 11.37N      

Mare d’Oursi Burkina Faso 0.30W 14.30N      

Mariout, Lake Egypt 29.90E 31.12N  66   0.98 

Massinger Barragen, Lake Mozambique 32.08E 23.87S  150    

Mcilwaine, Lake Zimbabwe 30.5E 17.5S 1,364 26 9.4 27.4 0.25 74

Mita Hills, Lake Zambia 29.09E 14.1S  47   0.67 

Mohammed V, Lake Morocco 2.93W 34.63N  32   0.73 

Monoum, Lake Cameroon 10.58E 5.58N      

Mweru Wantipa, Lake Zambia        

Mweru, Lake Zambia, DR Congo,  28.45E 9S 922 4,350  37 33 340,000

Mylius, Lake Ethiopia 36.84E 7.07N      

Naivasha, Lake Kenya 36.2E 0.5S 1,890 160 6.5 11.5 4.6 68

Nakivale, Lake Uganda        

Nakuru, Lake Kenya 36.1E 0.2S 1,759 40 2.3 2.8 0.092 27

Nasser, Lake Egypt, Sudan 32.1E 22.6N 183 5,248 25.2 130 132.5 7,844

Natron, Lake Kenya, Tanzania 36.1E 2.15S  600   0.35 

Ngami, Lake Botswana 22.77E  20.5S  120    

Ngobe, Lake Gabon 9.50E 1.98S  209    

Niangay, Lake Mali 3.22W 15.83N  300    

Nokoue, Lake Benin 2.45E 6.42N  150    

Nubia, Lake Sudan 30.4E 21.1N 183 968   24.4 1,406

Nyos, Lake Cameroon 10.18E 6.27N      

Nzilo, Lake DR Congo 25.70E 10.88S  280    

Name Country Longitude Latitude Altitude  Surface area Maximum  Length  Volume Mean  

    [m]  [km2] depth [m] of shore- [km3] depth[m]

       line[km] 
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Oguta, Lake Nigeria      8  

O’Higgins, Lago-San  Nigeria 72.1W 48.5S 250 1,058    525
Martin

Oiseaux, Lac des Algeria 8.7E 36.47N      

Okavango Delta Botswana 22.02E 18.59S      

Onangue, Lake Gabon 10.05E 1.01S  254    

Oponono, Lake Namibia 15.30E 19.15S      

Oro, Lake Mali 3.88W 16.25N  100    

Parc national des Virunga DR Congo  29.30E 1.15S      

Petit Loango  Gabon 9.45E 2.15S  120    

Piso, Lake Liberia 11.15W 6.45N  760    

Poelela, Lake Mozambique 35.08E 24.53S  100    

Pongolapoort, Lake South Africa 31.96E 27.41S  58   2.45 

Pool Malebo, Lake DR Congo 15.42E 4.25S  300    

Quiminha, Lake Angola 13.71E 8.99S  36   1.56 

Quran, Lake Egypt 30.61E 29.45N  200    

R.K.Roux, Lake South Africa 24.88E 30.17S  150    

Retenue de la Lufi ra DR Congo 27.03E 10.92S  200    

Revue, Lake Mozambique 33.08E 19.13S  200    

Rkiz, Lake Mauritania 15.33W 16.83N  150    

Rudolf, Lake Ethiopia, Kenya 36E 3.30N 427 6,400 7 73 187 340

Rukwa, Lake Tanzania 32.25E 8S 793 3,000  1  

Rweru, Lake Burundi 30.32E 2.38S  100    

Selingue, Lake Mali 8.25S 11.50N  200    

Shala, Lake Ethiopia 38.4E 7.3N 1,558 329 87 266 36.7 

Shamo, Lake Ethiopia 37.40E 5.50N 1235 550  13  

Shiroro, Lake Nigeria 6.91E 9.97N  312   7.0 

Sibaya, Lake South Africa 32.2E 27.2S 23 78 12.6 43 0.981 126.9

Songor Lagoon Ghana 0.30E 5.45N      

St. Lucia, Lake South Africa 32.30E 28S  300  8  

Sterkfontein, Lake South Africa 29.03E 28.47S  83   2.62 

Tana, Lake Kenya 37.46E 0.87S  159   1.56 

Tana, Lake (2) Kenya 37.50E 0.88N  250    

Tana, Lake (Tsana) Ethiopia 37.2E 11.4N 1,788 3,600 9 14 28 385

Tanda, Lake Mali 4.72E 15.75N  100    

Tanganyika, Lake Tanzania, Zambia,  30.1E 6.0S 773 32,000 572 1,471 17,800 1,900
 Burundi, DR Congo

Tonga, Lake Algeria 8.31E 36.53N   2   

Toshka Project,  Egypt 30.52E 23.13N
Reservoirs      

Tsimanampetsotsa, Lake Madagascar 43.48E 24..13S 114 456    

Tumba, Lake DR Congo 18.00E 0.83N 340 500  5  

Turkana, Lake  Ethiopia, Kenya 36.1E 3.3N 360 6.750 30.2 109 203.6
(Lake Rudolf) 

Turkwel, Lake Kenya 35.14E 1.71N  37   1.6 

Tuska Lakes  Egypt 23.08E 30.87N  200    

Upemba, Lake DR Congo 26.40E 8.67S 580 450  4 0.9 

Vaaldam, Lake South Africa 28.33E 27S  400    

Velorenvlei, Lake South Africa     2.5 5  

Victoria, Lake Tanzania, Uganda, Kenya 33.1E 1.4S 1,134 68,800 40 84 2,750 3,440

Volta, Lake  Ghana 1E 7.4N 85 8,502 18.8 75 148 4,800

Zeekoevlei, Lake South Africa 18.4E 34.0S 5 3 1.9 5.2 0.005 12.6

Zimbambo, Lake DR Congo 26.87E 8.17S  150    

Ziway, Lake Ethiopia 38.4E 7.5N 1,636 485 2.5 9 1.1 102

Name Country Longitude Latitude Altitude  Surface area Maximum  Length  Volume Mean  

    [m]  [km2] depth [m] of shore- [km3] depth[m]

       line[km] 

Source: LakeNet http://www.worldlakes.org/searchlakes.asp
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AIDS   Acquired Immunisation Defi ciency Syndrome                     

AVISO   Archiving Validation and Interpretation of Satellite

BAR   Basin at Risk

˚C    degree Centigrade

CIESIN   Center for International Earth Science Information Network

cm   Centimetres

CNPPA   Commission on National Parks and Protected Areas

CO   Carbon monoxide

CO2   Carbon Dioxide

CRED   Center for Research on the Epidemiology of Disasters

CRU   the Climate Research Unit 

CSIRO   Commonwealth Scientifi c and Industrial Research Organisation

CSR   Climatological Solar Radiation

DEWA   Division of Early Warning and Assessment

DR   Democratic Republic

DDT   Dichlorodiphenyltrichloroethane

E   East

EROS   Earth Resources Observation and Science (National Center)

ETM   Enhanced Thematic Mapper (ETM+).

FAO   Food and Agriculture Organization of the United Nations

FEWS   Famine Early Warning Systems

ft    Foot/Feet

GDP   Gross Domestic Products

GEF   Global Environment Facility

GEO   Global Environment Outlook

GEO3   Global Environmental Outlook Report 3 (UNEP Publication)

GHG   Greenhouse Gas

GIS   Geographic Information System

GLC   Global Land Cover

GLCF   Global Land Cover Facility

GPS   Global positioning system

GPW   Gridded Population of the World

GRDC   Global Runoff Data Center

GRID   Global Resource Information Database

GWP   Global Water Partnership

HIV   Human Immunodefi cency Virus

H2O   Water - Hydrogen dioxide

ha   Hectares

HCO3   Carbonic Acid

ICRAF   International Centre for Research in Agroforestry

ICE   Inventory of Confl ict and Environment

ILEC   International Lake Environmental Committee

IRN   Intelligent Remote

IPC   International Programs Center, United States Census Bureau, Population Division

IPCC   Intergovernmental Panel on Climate Change

IUCN   International Union for Conservation of Nature and Natural Resources

kg   kilogrammes

km   kilometres

km2   square kilometres

km3   cube kilometres

LVEMP  Lake Victoria Environmental Management Project Phase

LHWP   Lesotho Highlands Water Project

m   metres

MDG   Millennium Development Goal

mm   Milllimetres

Acronyms and Abbreviations



89

MODIS  Moderate Resolution Imaging Spectroradiometer

MOPITTMRS  Metropolitan Region of Santiago

MSS   Multispectral scanner

Mt.   Mount

n.d.   Not dated

N   North

N2   Nitrogen

N2O   Nitrogen dioxide

NASA   National Aeronautics and Space Administration

NEPAD  New Partnership for Africa’s Development

OFDA   Offi ce of U.S. Foreign Disaster Assistant                                                                                                      

OMVS   Organization pour la Mise en Valeur du Fleuve Senegal                             

OWF   Our World Foundation                  

S   South

SADC   Southern Africa Development Community 

SAED   Delta Improvement and Exploitation Society

SAIC   Science Applications International Corporation

SARDC   Southern African Research and Documentation Centre

SOFIA   Stratospheeric Observatory For Infrared 

T/P   TOPEX/POSEIDON 

TBR   Transboundary Biosphere Reserve

TFDD   Transboundary Freshwater Dispute Database

TM   Thematic Mapper

UMD   Universal Mutation Database

UN   United Nations

UN-DHA  United Nations, Department of Humanitarian Affairs

UNDP   United Nations Development Programme

UNDRO  United Nations Disaster Relief Organization

UNEP   United Nations Environment Programme

UNESCO  United Nations Educational, Scientifi c and Cultural Organization

UNF   United Nations Foundation

UNFCCC  United Nations Framework Convention on Climate Change

UNFPA   United Nations Population Fund

UNICEF  United Nations International Children Emergency Fund

USAID   United States Agency for International Development

USGS   United States Geological Survey

W   West

WB   World Bank

WCMC   World Conservation Monitoring Center

WHO   World Health Organization 

WMO   World Meteorological Organization

WRI   World Resource Institute

WSSD   World Summit on Sustainable Development

WWF   World Wildlife Foundation 
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