Water systems occur at many scales from local to global and
ultimately are all interlinked. While it is important to understand
these linkages at all scales it is often most useful to view surface
water at the level of the basin. Hydrological basins are an important
unit of management for most of the ecosystem services upon
which humans and natural systems depend. Surface water flows
across basins and sub-basins unite areas by providing common
water sources, aquatic habitats, transportation networks, quality
water, hydropower potential and other shared goods and services.
This is borne out by the formation of numerous multi-national
basin management organizations worldwide, with several notable
examples in Africa. The continent also has many transboundary
aquifer systems, about which much less is known. While their
connections are less obvious than are those of river and lake basins,
their management is also well served by basin-scale management,
and like surface water basins, the emerging formation of
multi-national groundwater basin management organizations is

testimony to this reality.
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Most people in Africa live in rural areas and are

still heavily dependent on agriculture for their
livelihoods. This makes water an especially vital
economic and social commodity. Along with a
growing population, the extreme variability of rainfall
on Africa’s landscapes—from arid northern and
southern regions to the continent’s belt of tropical
forests—poses many challenges to providing safe
drinking water and sanitation for millions of people.
Consequently, transboundary water resource
management requires an enabling environment
that encourages cooperation on numerous fronts.

An important part of this enabling environment

is the availability of adequate information about
surface and groundwater upon which policy makers
can make informed management decisions. Data
for Africa’s water resources remain incomplete and
inconsistent, particularly for groundwater resources.
Building on a foundation of detailed, consistent,
accurate and available data is one of the central
challenges for Africa’s water future. The emergence
of transboundary basin organizations for many

of Africa’s large basins may provide a powerful
opportunity to build part of this foundation.

Water Basins

Worldwide, there are 263 transboundary river basins,
which can be defined as basins shared by two or

more riparian states. Approximately 60 per cent of the

world’s population depends on these international
water systems (UNU 2006). Transboundary river
basins are also important because of the complex
natural ecosystems they support. The potential
increase in conflicts over shared water resources
as well as the effects of climate change represent

significant social, economic and environmental
threats. In addition, there is a growing danger to
human health from inadequate or unsafe water
supplies (UNEP 2006a).

Africa’s 63 international transboundary river
basins cover about 64 per cent of the continent’s land
area and contain 93 per cent of its total surface water
resources (Figure 2.1). They are also home to some 77
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Figure 2.1: Africa’s major transboundary river basins

per cent of Africa’s population. The Nile River Basin

is the most highly populated in all of Africa with

over 220 million people—nearly a quarter of Africa’s
total population (SEDAC 2010). Fifteen principal
lakes and 24 main watersheds also cross the political
boundaries of two or more countries in Africa (UNEP
2006b). The catchment areas of the 17 largest river
and lake basins on the continent exceed 100 000 km?
in size and are therefore classified as large basins
(UNU 2006).

The complexity of the physical, political and
human interactions within transboundary river basins
can make equitable management of their risks, costs
and benefits especially challenging. Quite often
the resources are not evenly distributed by area or
population. This often puts upstream areas or nations
in a position of advantage over their downstream
neighbours. Examples of this can be seen in the

Niger Basin, Juba-Shabelle Basin, Okavango Basin
and others. The degree and type of dependence

on the common resources might also vary greatly
within a basin. For example, on the Nile, Uganda is
highly dependant upon the river for hydropower and
manages it accordingly, however downstream it is
water for agriculture that Egypt counts on most from
the Nile.

The major transboundary basins of Africa
present a variety of challenges and opportunities
to the people and countries who share them. Each
basin differs in many ways from the others but all
share common attributes as well. The basin-scale
profiles that follow present some of that diversity and
commonality through common measures such as
population and precipitation, and bring to life some
of the management challenges and opportunities
with specific cases within the basins.
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The Congo River runs 4 670 km in a counter-clockwise
arc around eastern and northern Democratic
Republic of Congo, finally turning west toward the
Atlantic Ocean where it discharges 40 000 m? of water
every second (Laraque and others 2001). Its volume

is equal to 32 per cent of Africa’s total renewable
water resources. It is believed to be the deepest river
in the world, with recent measurements showing a
point over 200 m deep (USGS 2009). The river and

its tributaries are a dominating feature in the basin’s
natural systems and in the livelihoods of the

basin’s population.

The Congo Basin river systems are an enormous
resource for transportation and power generation.
They have productive fisheries and potential for
irrigation as well, but are widely seen as
under-developed and under-managed. Sustainable
development of the basin’s vast potential will require
effective transboundary cooperation among the
countries that overlap the Congo River Basin—eleven
in all. Four of the countries (Central African Republic,
Cameroon, Democratic Republic of the Congo and
Republic of the Congo) are already cooperating
through the Commission Internationale du Bassin
Congo-Oubangui-Sangha (CICOS) to further the
development of the basin’s potential. One of the
keys to its goal of successful sustainable utilization
will be improving data collection, processing, and
management to provide the scientific basis for
decision making.

Population

Approximately one hundred million people live in
the Congo Basin with three-quarters of them living in
the Democratic Republic of the Congo (DRC) (SEDAC
2010) (Figure 2.2.1). The most dense populations in
the basin are along the DRC’s border with Burundi
and Rwanda on the basin’s eastern edge and in the
area between Kinshasa and Mbuji-Mayi. Rwanda’s
population density within the basin is around 400
persons per km? and Burundi’s is just over 300
persons per km? Roughly seven million Tanzanians
live within the basin on about five per cent of the
basin’s land area. Angola, Central African Republic
and Congo each make up between seven and

ten per cent of the basin’s area, however all have
sparse populations in their basin areas ranging from
between eight and eleven people per km?.

Precipitation

At around 1 100 mm/yr, Tanzania’s portion of the
basin has the lowest mean annual rainfall of any

of the basin’s countries. Congo has the highest in
the basin at almost 1 700 mm/yr. Some parts of the
Republic of the Congo and DRC receive an average
of over 2 000 mm/yr (Figure 2.2.2). Because of the
large area and heavy rainfall the DRC receives about
two-thirds of all the rain in the basin and contributes
about the same proportion of the basin’s total runoff
(Figure 2.2.3). Rainfall is seasonal in parts of the basin,
however its size ensures that there is always some
part of the watershed receiving heavy rains. At the
mouth of the river these variations are averaged out
to produce a relatively consistent flow with small
peaks in November and May (Laraque and others
2001, Dai and Trenberth 2002).

2010 estimate
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Figure 2.2.1 Congo Basin population density 2010
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Transport

More than 1 000 km of the Congo River are navigable
by large commercial vessels (UNEP 2008). Much

of the basin’s economic activity relies on these
waterways for transport of principally timber,
agricultural products, fuel and minerals. The three
main routes converge at Kinshasa from Kisangani,
Bangui (on the Ubangi) and llebo (on the Kasai)
(Figure 2.2.4). The absence of roads in many parts

of the basin makes these waterways crucial for
transport and communication. Problems of low water
levels, particularly in the Ubangi have increasingly
interrupted navigation since the 1970s (Ndala 2009).
This is consistent with precipitation trends during
the same period, which show a decrease in average
annual precipitation between 1970 and 2000 (NASA
2010) (Figure 2.2.5). Ironically, one of the proposed
responses is an inter-basin transfer of water from the
Congo Basin to the Lake Chad Basin. Proponents of
the project cite “permanent navigability of the Ubangi
River," as one of the benefits of a project that would
include a dam on the Ubangi (near Palambo, CAR).
The expectation is that the dam would even out the
flow of the river and thus reduce the number of days
that it is too low for large vessels to navigate

(Musa 2008).

mm per day change
1980-2000 compared
ta 1951-1980

- .

Figure 2.2.5: Precipitation data from NASA’s Goddard
Institute for Space Studies shows that there was a decrease
in rainfall over parts of the Congo Basin between the period
1951-1980 compared to the period 1980 -2000

The Fisheries

The Congo River is home to nearly 800 species
of fish, many of them endemic to the river,
including the exotic lungfish and elephant
, fish (National Geographic 2010). The
"\ fisheries of the Congo River system’s
33 000 km of streams provide high-
quality protein for millions of people (Upper Congo
Fishes Project n.d.). For many, it is a source of income
as well (Bene and others 2009). Traditional fishing
methods are generally used, including gillnets, seine
nets, handlines and non-motorized canoes. However
the use of a poisoning technique, utilizing toxic
plants and even dynamite fishing have been reported
(FAO 2001, Kashema 2006).
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Figure 2.2.4: The absence of roads in many parts of the Congo Basin makes transport on the river’s
navigable waterways crucial for economic activity

Water Quality

Water quality is an issue in some cities along the river
as well as some stretches of the navigable river and at
the coast where there are oil refining facilities. Some
of this pollution is also linked to transport activities
and industrial facilities (FAO n.d.). Environmental
impact assessments are not required for activities
other than mining in the Democratic Republic of the
Congo. DRC law requires an Environmental Impact
Study, Mitigation and Rehabilitation Plan and an
Environmental Management Plan for mining activities
(SADC 2007); nevertheless, World Bank reports state
that “Environmental impacts of mining operations in
DRC are substantial and growing worse” (World Bank
2008). Katanga Province is the headwaters area of
the Congo River and is also where much of the DRC's
copper and cobalt are mined. Most of the mining
areas in DRC have hydrological connections to the
Congo River (Kirongozi 2008). Water quality concerns
associated with copper mines include the release of
processing chemicals, heavy metals and acids from
tailings as well as erosion and sedimentation due to
soil and rock disturbances caused by mining and the
construction of associated infrastructure.

Agriculture

Transportation infrastructure is a greater factor in
limiting agricultural development in the Congo Basin
than is water; nevertheless, the amount of irrigated
land within the basin is a very small fraction of the
potential for irrigation based on water availability
(FAO 1997). The potential for expanded lowland

rice production within the basin is significant but is
constrained by limited irrigation facilities and poor
maintenance, among other things (FAO 2002).
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Figure 2.2.6: The reservoir of the proposed Grand Inga Dam would submerge roughly
55 km? of land if the project were to go forward as originally designed

Inga Dams and the Grand Inga Scheme

Interest in developing hydropower at Inga Falls in
the Democratic Republic of the Congo dates back to
the early 20th century when the high potential for
generating electricity was first recognized (Showers
2009). The potential is created by a 102 m drop in
the river’s bed along just 15 km of its length. The
Inga 1 Dam (commissioned in 1972) and the Inga 2
Dam (commissioned in 1983) realized some of that

Figure 2.2.7: Proposed transmission system (Source: IR 2008)

potential but fell into disrepair over the years. A
project to rehabilitate Inga 1 and Inga 2 is under way
at a cost of over US$500 million (IR n.d.a).

There are plans for additional development at
the Inga Falls site (Figure 2.2.6). Inga 3 would draw
water from the existing reservoir used by the Inga 1
and Inga 2 dams through eight 6 770 m tunnels—
each tunnel driving two hydropower turbines (IR
n.d.b). This phase is expected to cost approximately
US$5 000 million. However, Inga 3 would be dwarfed
in cost and scale, if the proposed Grand Inga Dam
and related infrastructure are built at an estimated
cost of US$50 000 million (IR n.d.c). Grand Inga would
generate 44 000 MW of electricity— enough to power
the entire continent of Africa.

The value of cheap energy for development
is undeniable. However, while the Inga 3 project
qualifies for carbon-offset credits under the Kyoto
Protocol (according to some involved in the
project), and hydropower is relatively “green” from
an environmental perspective, the Inga projects,
and in particular Grand Inga, are not without serious
unresolved questions regarding environmental
impact and sustainability (Showers 2009, Counter
Balance 2009). Serious and thorough environmental
assessments and feasibility studies for Inga 3 and
Grand Inga will be needed to avoid the unintended
consequences that have plagued other large dam
projects in Africa (Davies and others 2000, DeGeorges
and Reilly 2006).

One of the project’s controversial aspects is the
proposed transmission system, which would supply
power to a host of countries on the continent and
potentially Europe as well (EIA 2002) (Figure 2.2.7).
Critics have voiced concerns about the transmission
line’s environmental footprint and point out that in
spite of its projected cost of US$40 000 million, it will
not bring electricity to the majority of local people
who are not already on the electrical grid (IR n.d.a).
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In most years,
the Shabelle’s
discharge
terminates in
wetlands short
of its confluence

with the Juba

Both rivers lose discharge as they progress
downstream due to a lack of rainfall in downstream
areas, high evaporation and significant infiltration
and withdrawals (Thiemig 2009). In most years, the
Shabelle’s discharge terminates in wetlands, short of
its confluence with the Juba (FAO 2000).

Precipitation

The basin’s rainfall comes in two rainy seasons with
less pronounced dry seasons in the higher areas of
Ethiopia than in lower areas throughout the rest

of the basin. The primary rains occur from April to
June delivering around 60 per cent of the annual
rain. Lesser rains in October and November bring
around one quarter of the year’s precipitation (Artan
and others 2007). Total annual rainfall in some areas
of the Juba headwaters is over 1 400 mm. Much of
the rest of the basin is arid or semi-arid and a lot of
the lowland part of the basin receives less than 500
mm of rain annually and some parts as little as 200
mm (Figure 2.3.1, Figure 2.3.2). High temperatures,
along with the limited rainfall, further reduce the
contribution of most of the basin to the Shabelle-
Juba River system. Ethiopia contributes the vast
majority of the two rivers’ flows, while Kenya has little
influence and Somalia’s portion of the basin has a
negative net impact on the two rivers’ water budget.

Agriculture is by far the largest water-user in
most downstream areas, but relies predominantly
on surface water (FAO 2005). Rainfall varies
dramatically from year to year throughout the basin,
however, causing severe droughts every seven to
ten years (FAO 2005). This is catastrophic for rain-fed
agriculture, which has increased in Somalia in recent
decades as irrigation infrastructure has fallen into
disrepair or been destroyed (FAO 2005). Somalia’s
heavy reliance on the Juba and Shabelle Rivers
makes water development in Ethiopia, such as the
Melka Wak Dam on the Shabelle, of great concern to
Somalia.

Population

Approximately 13 million of the basin’s roughly

20 million people live in the Ethiopian part of the
basin. Kenya’s quarter of the basin has a population
of roughly 2.5 million. Somalia is estimated to have
between 3.5 and 5.5 million people in its part of the
basin (Figure 2.3.3).
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Figure 2.3.1 Juba-Shabelle River Basin average
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density 2010
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Lake Chad
isamong

the largest
freshwater

reservoirs in
the Sahel

It stretches across a range of landscapes north to
south, from the barren core of the Sahara Desert

in the north to heavily wooded savanna areas of
northern Cameroon and the Central African Republic.
Rainfall, vegetation, population and economic
activity are all concentrated in the southern half

of the basin with the lake itself falling along the
transition from savannah to desert in the heart of the
Sahel. The Chari, the Logone and the Komadougou
Yobé rivers carry nearly all of the water in the basin.
Nevertheless, even with no outlet to the sea, the
basin’s salinity remains low. Research has shown

that the salts are controlled by seepage into the
groundwater and to a lesser degree by sedimentation
(Roche 1977, Isiorho and others 1996). The lake is
among the largest freshwater reservoirs in the Sahel
making it a focal point of human activity (Musa 2008).
This is especially so for the more than three million
people (SEDAC 2010) living within 200 km of the lake,
many of whom make their living by farming, fishing
and tending livestock (Musa 2008).

Population

Based on estimates of the 2010 population (SEDAC
2010), around 46 million people live within the larger
Lake Chad basin, with most concentrated in the
watershed’s southwest corner (SEDAC 2010) (Figure
2.4.1). Nigeria, which makes up 7.5 per cent of the
basin’s area, is home to 26 million of the basin’s
people—well over half. Chad is the second-most
populated with ten million of its people living in the
basin, and Niger is third, with just under three million
(SEDAC 2010). All three countries have had high
estimated population growth rates over the past five
years, ranging from 2.3 per cent annually in Nigeria to
3.5 per cent annually in Niger (UN-WPP 2006). Sudan
and Cameroon each have around 2.5 million people
living within the Chad Basin (SEDAC 2010).

Precipitation

Despite Chad’s large size within the basin (46 per cent
of its area) and the fact that it receives roughly

43 per cent of the basin’s rainfall (Figure 2.4.2), it
contributes well less than a third of the water balance,
due to high evapotranspiration rates. Nigeria, with
only 7.5 per cent of the basin’s area, also contributes
roughly 30 per cent of the basin’s water balance
(Senay and others 2010). Around a quarter of the
total basin’s runoff comes from the Central African
Republic portion of the basin (Figure 2.4.3). While
Niger makes up over one-quarter of the basin, it only
receives 5.5 per cent of its precipitation and loses
more than that to evapotranspiration, thus having a
negative impact on the basin’s water balance.
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Lake Chad’s Variability
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Precipitation is highly variable across the Lake Chad
watershed seasonally, from year to year, and over
periods of several decades. This variability coupled
with the shallowness of the lake makes its surface
extent almost equally variable. The series of remote
sensing images spanning the past 50 years shows
the scale and pace of changes that have taken place
(Figure 2.4.7, page 50-51). Between the early 1960s
and the mid-1980s, surface area generally declined
from a maximum of more than 25 000 km? to as 5
small as 1 350 km?. Determining long-term trends in 4
surface area or lake levels (Figure 2.4.4 and 2.4.5) and
attributing this change to specific causes has been
complicated by this background of constant change.
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Figure 2.4.4: Long-term historical water levels of Lake Chad (Source: Olivry and others 1996)
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and others 2003). The discharge of the Chari-Logone University of Washington 2009)
system has decreased by nearly 75 per cent since

the mid-1960s, due to drought and diversion (GIWA

2004). While some studies have indicated that
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Figure 2.4.6: Approximate extent of open water in Lake Chad digitized from Landsat images,
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irrigation that draws water from the Chari-Logone
system has played a major role in the lake’s declining
size since the early 1970s (Coe and Foley 2001), the
relative importance of irrigation is disputed (Lemoalle
2008, Nihoul and others 2003). Nevertheless,
population is growing within the Chari-Logone Basin
and as a result so is the demand for water (GIWA
2004), which will likely increase the importance of
diversion in the Lake Chad water budget.

It is quite clear, however, that a decline in
average rainfall following 1970 was a central cause of
the drop in the lake level and areal extent during the
same time frame (Lemoalle and others 2008) (Figure
2.4.6). The droughts of the 1970s and 1980s have in
turn been linked to naturally occurring variation in
Atlantic sea-surface temperatures (Shanahan and
others 2009, Zhang and Delworth 2006, Giannini and
others 2003). Recent research suggests that current
patterns of drought driven by these variations are not
anomalous, with evidence of much more extreme
droughts across the Sahel as recently as 200-300
years ago and patterns of similar droughts extending
back at least a few thousand years. Figure 2.4.5 raises
the possibility that a drought more severe than
the ones in the 1970s and 1980s could occur in the
foreseeable future. In addition, it is suggested that
global warming would likely make these droughts
still more severe (Shanahan and others 2009).
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Figure 2.4.7: While Lake Chad'’s surface area fluctuates considerably with the seasonal rains, these dry-season images of Lake
Chad show the long-term trend since the 1960s. Changes in rainfall during this period (Figure 2.4.5) have been a major factor
as has diversion for irrigation (Coe and Foley 2001)






Decreased flow in the Chari-Logone system
has dramatically decreased water supply to human
and natural systems downstream (FAO 2009). The
rate of change in the ecosystem has outpaced the
rate at which the natural flora and fauna are able to
respond and adapt (FAO 2009). The decline in Lake
Chad has forced fishing communities to migrate
to follow the receding lake waters (GIWA 2004).
Reduced inundation of the Yaéré and Waza-Logone
floodplains has had a negative impact on farming
(GIWA 2004) and reduced the quality and area of
dry-season grazing (IUCN 2003b). Wells must be dug
deeper to reach the lower water table (GIWA 2004).
The impact of drought and reduced lake area has
already been profound for people living close to the
lake and impacts extend to a lesser extent to the over
35 million people who live in the larger Chad Basin
(GIWA 2004).

One response to the shortage of surface
water has been increasing groundwater use. The
Quaternary aquifer underlying the Lake Chad basin
is the major groundwater source for the region
(Ngatcha and others 2008). There is a lack of hydro-
geological datasets for the area, which are needed for
sustainable use of these groundwater assets (Ngatcha
and others 2008). One recent study suggests that
water levels in the Quaternary aquifer declined
in response to the decrease in rainfall during the
second half of the last century (Boromina 2008).
This probability highlights the need for improved
availability and completeness of hydrogeological
datasets for policy makers looking for appropriate
responses to the Lake Chad Basin’s diminishing
water resources.

Another proposed response that would directly
address the lowering lake levels is the transfer of
water from outside the Lake Chad Basin (see also
page 42). A scheme to pump water from the Ubangi
River to restore the Lake Chad and Chari River
system was developed in the late 1980s (FAO 2009)
(Figure 2.4.9). A dam would be built on the Ubangi
at Palambo CAR from which water would then be
pumped into the Fafa and Ouham Rivers. From
there it would flow through a 1 350 km man-made
channel to reach the Chari River and ultimately
Lake Chad (FAO 2009). In November 2009, a US$6
million feasibility study was begun by a Canadian
engineering firm on behalf of the Lake Chad Basin
Commission. It is to be completed by late 2011
(CIMA n.d.).
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Figure 2.4.8: Rainfall averages only around 400 mm/yr at Lake Chad, but increases to the
south where most of the Lake’s inflow comes from—primarily from the Chari, Logone and
Komadougou-Yobé Basins
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Figure 2.4.9: A proposed inter-basin transfer project would take water from the Ubangi River in
the Congo River Basin and transfer it to the Lake Chad Basin
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Figure 2.4.10: Damming of the Logone River in the 1970s coinciding with a period of drought reduced overbank flooding and

disrupted local livelihoods on the Waza Logone Floodplain. Managed releases from the dam beginning in the 1990s restored
some of the natural flooding, bringing improved grazing and return of other valuable ecosystem functions.

The Waza Logone Floodplain

The Waza Logone floodplain in northern Cameroon
is a highly productive seasonal wetland with great
biodiversity importance (IUCN 2004). It also provides
livelihoods to approximately 135 000 people through
recession agriculture, fishing, livestock and natural
products and services such as honey, medicines and
building materials (IUCN 2004). The high productivity
and many of the ecosystem goods and services
depend on overbank flooding from the rivers that
feed into the wetland—primarily the Logone River
but also the seasonal Tsanaga, Boula and Vrick Rivers.
Many of these ecosystem services were lost on large
parts of the floodplain following the construction of
the Maga Dam and associated rice-irrigation schemes
in the 1950s and late 1970s, which coincided with

a period of below-average rainfall (Loth 2004). The
drought, along with regulation of the Logone River
for irrigation, greatly reduced natural flooding, which
led to serious environmental damage and disrupted
the lives of many local people who relied on the
flooding for their livelihoods (Loth 2004).

The satellite image from late 1986 (Figure
2.4.10) flooding season shows little standing water
and minimum wetland vegetation in the area just
southwest of Waza National Park. In the 1990s, the

management strategy of the Logone’s flow was
broadened to consider the viability of downstream
resources (Loth 2004). Some channels that had been
modified for the rice schemes were opened to allow
water to flood roughly 200 km? (IUCN 2004). The
integrated management of the floodplain’s natural
resources has allowed the return of some natural
grasses that had been lost, enhanced productivity,
increased bird numbers and improved grazing
(Scholte 2005). Figure 2.4.10 from the 2005 and 2006
flooding seasons shows adequate flooding in the area
southwest of Waza National Park along with heavy
wetland vegetation.
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Lake Turkana
is the largest
desert lake in

the world

Just less than half of the basin lies in Kenya, where
the lake itself is located. The Turkwel and Kerio
Rivers flow into the lake from the south, although
their contribution to water levels is minimal. The lake
receives nearly all of its inflow from the Omo-Gibe
River, which drains part of Ethiopia’s highlands. Lake
Turkana itself is the largest closed-basin lake in the
East African Rift (Haack 1996) and the largest desert
lake in the world (Angelei 2009). It has remained
relatively isolated since it is in Kenya's arid north
where the average temperature is 30° C and average
annual precipitation is less than 200 mm (Nyamweru
1989). Water levels in Lake Turkana varied within a
20 m range between 1885 and 2008 (ILEC n.d., Legos
2009) and there is evidence that the 20th century’s
fluctuations were smaller than those before 1900
(Nicholson 2001).
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Figure 2.5.2 Lake Turkana Basin population density

Precipitation

Averaged across the entire Lake Turkana basin, mean
annual precipitation is well over 900 mm (Figure

1
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Figure 2.5.1: Lake Turkana Basin average
annual rainfall

2.5.1). However, spatial variation is quite extreme
with parts of Ethiopia approaching 2 000 mm of

rain annually, while areas in northern Kenya receive
less than 100 mm. In addition, high temperatures

in northern Kenya and strong winds surrounding
the lake quickly evaporate much of the erratic
precipitation that does fall (ILEC n.d.). Lake Turkana
receives 80 per cent of its inflow from the Omo River.
The lower reaches of the Omo River as well as Lake
Turkana and the communities that it supports rely
on rainfall in the Ethiopian Highlands, which act

as a “water tower.” Recession-agriculture, flooding

of grazing lands, fishing and recharge of shallow
aquifers along the river's lower reaches all depend on
the Omo River’s volume and flow pattern.

Population

The total Ethiopian population in the basin is around
nine million, while some 1.7 million people live in
Kenya’s portion of the basin. The number of people
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living within 50 km of the lake, however, is estimated
to be only around 215 000 (ORNL 2008). Population
is concentrated in the upper fifth of the basin within
Ethiopia and at the basin’s southern-most limit in
Kenya (SEDAC 2010) (Figure 2.5.2).

Hydropower Facilities

A series of five hydropower facilities are planned
along the Omo-Gibe River. The first dam, Gilgel-

Gibe |, has been completed and filled. The second
hydropower facility, Gilgel-Gibe Il is fed by a 25 km
tunnel running east from Gilgel-Gibe | Reservoir
through a mountain to where the Omo River is 700 m
lower. Gibe Il has been under construction since
2006 and when completed will be the second-largest
reservoir in Africa. Construction has not yet begun on
two additional planned hydropower facilities, Gibe IV
and Gibe V.

Available Runoff

after evapotranspiration

millimetres
P High : 2423.62 E T H
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Figure 2.5.3: Lake Turkana Basin available runoff
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expected to be finished around the end of 2013

Public discussion of the potential impact
of Gibe lll

Proponents of the project, including the Ethiopia
Electric Power Corporation (EEPCo) and to some
degree funding organizations such as the African
Development Bank have defended the project

and its importance for development in Ethiopia.
Several opponents have raised concerns about the
dam’s impact on the environment generally and

on downstream communities in particular. These
critics say that the Environmental and Social Impact
Assessments (ESIA) produced to justify the project
were inadequate and missed several key concerns
(IR 2009). They cite several likely impacts including
reduced inflow to Lake Turkana, risk of earthquakes

Figure 2.5.4: The Gibe Ill dam was roughly one-third of the way to completion when this March 2009 image was acquired. Itis
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and changes in the flow pattern that would prevent
traditional recession agriculture and destroy riverine
forests (ARWG 2009). The project’s advocates defend
the ESIA studies and point out the importance of
electricity for development in Ethiopia. They assert
that managing the flooding patterns will allow
recession agriculture to continue and flooding will
maintain many natural ecosystem functions (EEPCo
2009). Preliminary results from a study of the basin’s
water balance has found that the planned Gibe IlI
Dam project is not likely to have a significant impact
on lake levels once the initial filling phase is complete.
This assumes that hydropower generation remains
the principal purpose (as is currently planned), with
minimal water diversion for irrigation.
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The streamflow
of the Limpopo is
variable making
irrigation

unreliable

The Limpopo River’s flow is variable,
often making irrigation directly from
streamflow (without any form of
impoundment) unreliable (CGIAR 2003).
Because the basin has a large rural
population, many of whom practice
rain-fed subsistence agriculture, this
variability can be disastrous (Reasons
and others 2005). Many areas also
have very high sediment loads, which
discourages the construction of dams
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and irrigation schemes that would -y

quickly fill with silt (CGIAR 2003). /

Precipitation

The mean annual precipitation across

BAB

Average Annual Rainfall
millimatras
lo-250 [ 1 250 - 1 500 [ 2 500 - 2 750
[1250-500 (N1 500 -1 750 [N 2 750 - 3 000
[C1500-750 (N4 750 - 2 000 N 3 000 - 3 250
7501000 (W2 000 - 2 250 NN 3 250 - 3 500
[ 1 000 - 1 250 I 2 250 - 2 500 I 3 000 - 3 750

LR MOZANBAQUE

e

most of the basin’s northwestern half
is below 500 mm/yr. The mean annual

rainfall in Botswana’s fifth of the basin

is only 422 mm, while in Zimbabwe
rainfall is just slightly higher at 469 mm.
While parts of the basin’s southeastern
half also have somewhat limited rainfall,
South Africa’s mean annual precipitation
is nearly 600 mm and Mozambique’s

is 729 mm, generally ample rain on

an annual basis (Figure 2.6.1). The
headwaters of the Limpopo’s most
significant tributaries, the Olifants and
Crocodile Rivers, are in South Africa
along the basin’s southern edge and
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Available Runoff
after evapotranspiration
milimetres
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Rainwater runoff in most of
the basin is lost to high rates of
evapotranspiration and make little

contribution to the river’s water budget.
Botswana receives almost 15 per cent
of the basin’s rainfall, but because of
the arid environment it is all lost to
evaporation and transpiration (Figure
2.6.2). Mozambique receives over one-
quarter of the basin’s precipitation

but also has a negative impact on

the water budget because of losses

to evapotranspiration. Some of
Mozambique’'s highest rates of water
loss are through transpiration occuring
in the wetlands along the river’s course
through Mozambique. By far the
largest contribution to the river’s flow

Persons per km’
2010 estimate
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comes from the Crocodile and Olifants
catchments in the higher-rainfall areas to
the northeast and northwest of Pretoria.

Population

Almost 80 per cent of the basin’s over 15 million
people live in the South African portion of the
catchment, which includes Pretoria and much of
Gauteng Province. Botswana, Mozambique and
Zimbabwe each have roughly one million people
living within the basin. Overall, the basin’s population
is around 60 per cent rural (CGIAR 2003). Growth rates
were slower from 2005 to 2010 than in the previous
decade for all of the countries sharing the basin
(World Development Indicators 2010).

Figure 2.6.3 Limpopo River Basin population density
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The Niger River
sustains an island
of vegetation and
life in the harsh
Sahel

As it flows northeast, the Niger River passes : S T

! . . Persons per km’ B A LGE e

through the Inner Niger Delta in Mali where 2010 estimate N
. . . . . . EEO-5 [J100-150 N \
it sustains an island of vegetation and life in m5-10 1150250 : X
E10-25 EE250 - 500 /
T .. 325 -50 W00 - [

the harsh Sahel with its life giving water and = |

seasonal flooding. Flowing further northward,

it then passes through the southern edges of
the Sahara Desert. Roughly 100 km northwest
of Gao, Mali, the river turns to the south,

toward Niger, Nigeria and eventually the Gulf of
Guinea. The river has collected the flow of ten
tributaries before it reaches Nigeria but arrives
there with less water then when it left Guinea
almost 2 000 km upstream (FAO 1997). Through
Nigeria, rainfall increases from north-to-south  Figure 2.7.1 Niger Basin population density
as the river approaches the Niger Delta where it

empties into the Gulf of Guinea.

N
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Populat'on Average Annual Rainfall
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The Niger Basin's total population is o il — Hdbbind— Binfien

approximately 100 million, with a growth rate o .5 7
of around three per cent. Of this population,

67 million people live in Nigeria, just less

than eight million in Mali and just over eight
million in Niger (Anderson and others 2005)
(Figure 2.7.1). There has been a rapid rate in
urbanization throughout most of West Africa
since the 1950s (AFD n.d.). Several of the
resulting urban agglomerations fall within

the Niger Basin, some of them located on the
banks of the river, such as Niamey and Bamako.
Access to improved water sources is an issue
throughout most of the basin and projected
population growth for the next few decades

will increase the need. | \ ALG
Available Runoff
after evapotranspiration

Precipitation

Figure 2.7.2 Niger Basin average annual rainfall

millimatres
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Guinea makes up less than five per cent of the o 0
basin by area but it contributes nearly one-third
of the basin’s water balance and almost all of
the flow in the river’s upper and middle reaches.
Mali makes up nearly a quarter of the basin but
because of its high average temperature and
mean annual rainfall of only around 400 mm,

it uses more water than it contributes to the
river, much of it through evapotranspiration
from the Inner Niger Delta. Niger and Nigeria
each account for roughly a quarter of the
basin’s area. Niger’s part of the basin receives

an average of less than 300 mm/yr of rain

and provides little runoff to the river. Nigeria's
average rainfall within the basin approaches
1200 mm and increases to over 2 000 mm near
the coast (Figure 2.7.2, Figure 2.7.3).
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Figure 2.7.3 Niger Basin modeled available runoff




Water Quality

For the most part, cities along the river have not
developed collection and treatment plants for

either industrial or domestic wastewater. In addition
to urban pollution sources, agricultural runoff,
particularly fertilizers, have been found at several
sites (Anderson and others 2005). At the coastal
delta, oil production has been the source of a host of
environmental issues. Millions of barrels of oil have
been spilled in the delta’s oil producing region.

Groundwater

High-quality aquifers can be found in the middle
and lower reaches of the basin, including the
lullemeden Aquifer System, and there are several
very good quality aquifers in parts of Nigeria
(Anderson and others 2005, Ludec and others 2001,
0SS 2008). Studies of recharge rates and resource
mapping have been carried out in some areas, but
in many cases, they are lacking (Lutz and others
2009). Assessment and sustainable development of
groundwater resources will require building systems
for mapping and monitoring of resources as well as
the institutional capacity to manage resources and
enforce policy (BGR n.d.).

Drought

A period of reduced rainfall across the Sahel began
in the early 1970s and continued through the 1990s,
with two periods of very severe drought in the early
1970s and early 1980s (LHOte and others 2002).
Rainfall was more than 30 per cent below average
for three consecutive years in the mid-1980s. The
Niger River’s mean annual discharge declined to less
than one-third of its average flow at some gauging
stations (Anderson and others 2005) decreasing at

almost twice the rate of the drop in rainfall during
the 1970-2000 period (Descroix and others 2009,
Andersen and others 2005, Lebel and others 2003).
Paradoxically, as the rainfall decreased, changes in
the land surface appear to have increased the rate

of groundwater recharge, raising the water table

in several areas of the Niger Basin. This is likely

due to increased runoff caused by loss of surface
vegetation and changes in land use. This rise in runoff
is believed to have increased the number of ponds
as well as their size and duration leading to increased
infiltration (Descroix and others 2009).

The Sahelian droughts of the 1970s and 1980s
spanned the Niger Basin (Nicholson 1983) causing
famine, forcing dislocation of people and destroying
livelihoods. Droughts are not uncommon in the
Sahel and as already discussed on page 49, recent
evidence suggests that much more severe droughts
occurred as recently as 200 to 300 years ago with a
pattern of similar droughts extending back at least
a few thousand years (Shanahan and others 2009).

It is becoming widely accepted that variations in
sea-surface temperatures in the Atlantic and Indian
Oceans are linked to these changes in rainfall
patterns over Western Africa (Shanahan and others
2009, Zhang and Delworth 2006, Giannini and others
2003). It is not certain what impact global warming
would have on future precipitation in the Niger Basin.
Studies suggest possible scenarios of negative and
positive impact but do not make predictions (Zhang
and Delworth 2005, Giannini and others 2003).

Dams and development projects

Many opportunities for investment and development
in the Niger Basin are dependent upon developing
and managing sustainable water projects, including
hydropower, irrigation and flood management
(Anderson and others 2005). Existing dams in the
Niger Basin in Mali (Sélingué Dam) and Nigeria
(Kanji, Jebba and Shiroro Dams) provide large-scale
hydropower for their respective countries (Mbendi
n.d.). Further dams are planned, including Tossaye
Dam in Mali, (under construction) and Kandadji Dam
in Niger (funded but not yet begun) (Figure 2.7.4).
Irrigation is minimal in Guinea where successful
rain-fed agriculture is predominant. In Mali, Sélingué
Dam and two diversion dams—Sotuba and Markala
—can provide water for 114 000 ha of irrigated crops




Dams in the Upper Niger Basin

A Proposed or under construction
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Figure 2.7.4: Dams in the Upper Niger Basin (Source: Zwarts and others 2005)

(FAO 1997). Only a fraction of the area equipped for
irrigation in Mali is cropped (Zwart and Leclert 2009),
and the ample availability of water in recent years has
led to poor infrastructure maintenance (Vandersypen
and others 2009). The construction of Tossaye Dam in
Mali will bring 150 GWh/yr of hydropower capacity
as well as irrigation to an additional 8 300 ha of land
(Zwarts and others 2005) (Figure 2.7.4). In Niger,

the Kandadji Dam, which has been under study for
three decades is moving forward. It will increase the
country’s electricity supply by as much as 50 per cent,
provide drinking water for Niamey and enable an
irrigation scheme of 6 000 ha (AfDB 2008). Among
the dam’s negative impacts are the relocation of
approximately 35 000 people living in the project
area and the loss of around 7 000 ha of agricultural
land that the reservoir would flood (UNEP 2007).

The dam'’s potential effects, however, were identified
early in the project’s planning, allowing mitigation
measures to be drawn up in subsequent phases of
the planning process (UNEP 2007).

Fomi Dam

Other dams are under study for the Niger Basin
including one in northeastern Guinea on the Niandan

River, an important tributary of the Niger River. The
proposed Fomi Dam (Figure 2.7.4) would have

2.9 times the storage volume of Sélingué Dam,
currently the largest dam above the Inner Niger
Delta. Cost-benefit analysis of the existing Sélingué
Dam found that significant costs, which included

the loss of grazing and agricultural land and some
change in downstream flow, were balanced by many
positive benefits. Among them were a productive
fishery, some irrigation, new avian habitat, and a
stable electricity production. The same study found
that the Fomi Dam was likely to have a greater
negative impact downstream and that if Fomi was
operated on a similar basis as Sélingué, its impact

on flow would be proportional to its larger storage
volume—or roughly three times as much impact

on flow. It is estimated that this loss of flow would
reduce rice production on the Inner Delta by 34 500
tonnes, 40 per cent of the current average production
(Zwarts and others 2005). The analysis found that in
addition to an unfavorable overall cost-benefit ratio,
the benefits would disproportionately accrue to the
upstream stakeholders while more of the costs would
fall upon downstream ones (Zwarts 2005b).
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Figure 2.7.5 After drying up in the 1990s Lake Faguibine has not refilled significantly, however some pooling has occurred
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during wet years. Work is underway to clear debris from channels that feed the lake

Lake Faguibine

Lake Faguibine is located in the Sahelian sub-desert
zone to the west of Timbuktu in northern Mali.
Annual precipitation in the Faguibine area is in the
range of 250 mm/yr, with the rainy season beginning
in mid-June and lasting three to four months. When
Lake Faguibine is full, as it was in the 1970s satellite
image (Figure 2.7.5), it is among the largest lakes in
West Africa, covering approximately 590 km? (Duvail
and Hamerlynck 2009). During the great droughts

of the 1970s and 1980s, Faguibine began declining
and in the 1990s it dried up completely. With the lake

all but gone, many local livelihoods also dried up
including agriculture, fishing, and dry-season grazing
(Duvail and Hamerlynck 2009).

The sparse rainfall is not enough to support
rain-fed agriculture and cannot fill the lake without
inflow from distant parts of the Niger Basin where
the rainfall is heavier. The lake receives most of its
water through two channels that carry water from the
Niger River when its levels are high enough (CNEARC
2004). Despite some better rainfall years since the
great droughts (Descroix and others 2009), Lake
Faguibine has not significantly refilled, only forming




a small pond for a few years during the wet seasons
since the 1990s. The 2010 wet season satellite image
shows a pool of about 35 km? (six per cent of the
1974 surface area).

During the extended droughts of the 1970s
and 1980s, the channels that carry water between
the Niger and Lake Faguibine had become
clogged with sand and vegetation (UNEP n.d., BBC

St '.
© ¢ Bintagoungou,
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2009). The government of Mali has been working
to clear the channels and recently received a
commitment of US$15 million from the United
Nations Environment Programme to help support
that work. A government official working with the
project says that conditions are already improving
with a dramatic increase in farming around the lake
between 2006 and 2010 (BBC 2009).
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Figure 2.7.6: The Inland Niger Delta’s annual floods were dram
flooding were more normal

Inner Niger Delta
The Inner Niger Delta lies roughly 400 km northeast of Bamako,

Mali where the Niger River divides into innumerable channels and
is met by the Bani River. It is the largest wetland in Western Africa

atically reduced during the great droughts of the 1970s and 1980s. In 2009, precipitation and

(Ramsar 2004) spreading out along a very flat 200-km reach of the
Niger River as it passes through the Sahel on its way north to the
southern edges of the Sahara Desert. The Inner Delta is crucial to
Mali’s economy, its people and its natural environment. The delta
supports about one million people, and a variety of ecosystem goods
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and services, including a productive fishery, pasture for sheep and
cattle, land and water for agriculture and habitat for natural flora and
fauna. These attributes have earned it the designation as a Wetland of
International Importance by the Ramsar Convention (Ramsar 2010).

The delta’s water budget is complex and includes a significant
groundwater component, which causes prolonged dry periods

to extend beyond the resumption of more normal precipitation

until groundwater levels have rebounded. In addition, as much as

48 per cent of the delta’s water is lost to evaporation (Mahe 2009).
Flooding of the delta is dependant on rainfall over the upper reaches
of the Niger River in the Guinean Highlands and to a lesser extent

in the Bani in northern Cote d'lvoire while rainfall over the delta
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Figure 2.7.7: Oil wells and pipelines can be seen across much of the delta and spills here are a common occurrence

contributes only five to ten per cent of its water Niger Coastal Delta
(Mahe 2009, Zwarts 2005). During the droughts of the
1970s and 1980s, flooding of the Inner Delta declined
dramatically as can be seen in the pair of satellite
images from the late-wet seasons of 1984 and 2009
(Figure 2.7.6, previous page). The 1984 image was
taken during the prolonged drought while the 2009
image follows a more normal precipitation year.

The Niger Marine Delta (Figure 2.7.7) has formed
over millions of years where the Niger River
discharges into the Gulf of Guinea. The delta

is home to approximately 31 million people
(Amnesty International 2006). The delta is also
widely recognized as an important natural
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system supporting an array of plant and animal
biodiversity—particularly in the delta’s 20 000 km?
of mangrove forests (IUCN n.d.). The delta’s people,
and the natural systems many of them rely on, co-
exist with the vast majority of Nigeria's 896 oil and
gas wells (NNPC 2009) and the associated storage
facilities, refineries and thousands of kilometres of
pipelines (IUCN n.d.). Thousands of oil spills, totaling
over three million barrels of oil (Yo-Essien 2005) and
wastewater from oil production (Ajao and Anurigwo
2002, Adedeji and Ako 2009) are among the primary

causes of a serious decline in water quality in the
delta region. Flaring of natural gas, which results in
acid rain, is also a contributing factor.

Surface runoff from agricultural land and
increased use of agricultural chemicals is also a
significant problem (Adedeji and Ako 2009). Other
key contributors are disposal of untreated sewage
and effluents from domestic and industrial sources
and poorly designed sanitary landfills (Ajao and
Anurigwo 2002).
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The catchments of most of the inflowing rivers
have dense rural populations where much of the
land is used for subsistence agriculture. Outflow

is controlled by the Nalubaale and Kiira Dams at
Owens Falls, eight kilometres downstream from
the Victoria shoreline. After leaving the lake, the
river flows through Lake Kyoga, a shallow wetland
complex that is an important fishery for Uganda
(ILEC n.d.), then east to Lake Albert, which also
collects inflow from the Semliki River. Flowing
north across the Uganda-Sudan border, the river
splits into two channels—the Bahr al-Jabal and the
Bahr az-Zaraf. Flowing across broad flat plains, the
rivers expand into a vast wetland, the Sudd Swamp.
Covering around 8 000 km? during the dry season,
the swamp seasonally overflows, flooding an area
many times this size (Ahmad 2008). The vast surface
area, heavy vegetation and high temperatures

of the Sudd lead to the loss of roughly half the
total White Nile’s inflow through evaporation and
transpiration (Sutcliffe and Petersen 2007). The
remaining outflow moves north where it meets the
Blue Nile, 500 km downstream at Khartoum.

The Blue Nile originates at Lake Tana, 1 800 m
above sea level in the Ethiopian Highlands, where
average annual rainfall is high and evaporation
and transpiration are relatively low. It gathers
more than 20 tributaries between Lake Tana and
Khartoum, including the Rahad, Didessa, Dabus
and Dinder Rivers (Sutcliffe and Petersen 2007). By
the time it reaches the Roseires Dam 80 km into
Sudan, it begins to lose more water to evaporation
and transpiration than it receives in rainfall;

nevertheless, it has collected enough water to
provide around 65 per cent of the Nile's flow at
Khartoum where it joins the White Nile. Additional
inflow from the Ethiopian Highlands comes
through the Atbara River, which enters the Nile
300 km downstream.

From this point on, the combined effect
of large and small irrigation schemes, increased
temperatures and diminishing rainfall cause the
river to lose more water than it receives. In northern
Sudan, the Merowe Dam forms an artificial lake that
will be 174-km long when full (Hildyard 2008). The
Nile in Egypt begins with Lake Nasser, a reservoir
created by the Aswan High Dam. One of the largest
pumps in the world forces water from Lake Nasser
into a channel that transports it onto the Western
Desert where Egypt has begun a large irrigation
and resettlement project (WaterTech n.d.).

As the Nile flows on from Aswan toward the
Mediterranean Sea, it is lined with irrigation canals.
Almost all of Egypt’s population of 78 million
people live along the river and depend heavily on
its resources. By the time the river reaches the sea,
much of its water has been diverted for irrigation.
Along with the water, sediments that have not
already been trapped behind the river's many dams
are diverted as well. As a consequence, erosion at
the delta’s margins and subsidence or compaction
of the delta’s soil is outpacing new deposition,
leading the delta to sink and erode
(Bohannon 2010).

Almost 78 million
people in Egypt
depend heavily
upon the Nile

P -
RID Sioux.Falls

o

Bruce Pengra/UNEJ_




Persons per km’
2010 estimate
BNo-5
E5-10
910-25
[125-50
[150-100
1100 - 150
1150 - 250

[ 250 - 500

I 500 - 1 000
= 1000 - 2 000

Population

The Nile Basin has three of the heaviest population
concentrations in Africa; surrounding Lake Victoria

in Kenya and Uganda; in

the Ethiopian Highlands
surrounding the Blue Nile;
and along the banks of the
Nile in Egypt. While Egypt
only accounts for nine

per cent of the basin’s area,
it holds almost one-third of
its population. In contrast,
almost 64 per cent of the
Nile Basin falls in Sudan

but a little less than 36
million people, or about
half as many as in Egypt,
live there (CIESEN 2010).
The 35 million Ugandans
within the basin live on only
7.6 per cent of the basin’s
area. Kenya’s 1.6 per cent

of the basin has a still-
higher population density,
averaging about 320 people
per km?, Ethiopia has about
35 million people within the
Nile basin, but with 363 315
km? in area, population
density is lower at about 97
people per km?,

’t;‘;r'iqibpia

In total, almost
224 million people live
within the basin—almost
one-quarter of Africa’s
population. Four of the
basin’s 11 countries have
population growth rates
‘ in the top ten globally;

all but two are above the

Figure 2.8.1 Nile Basin population density

mean growth rate for Africa and all are well above
the global average (UNESA 2008). While growth
rates within the basin are expected to decline, most
projections are still well above two per cent per year
over the next two decades.

Urban populations are growing rapidly
throughout the basin. Burundi is the most rural of
any of the basin countries with only 11 per cent of its
people in cites, although its urban areas are growing
at 6.8 per cent/yr (UNESA 2007). Sudan and Egypt
are the most urban of the Nile Basin countries with
45.2 per cent and 42.8 per cent of their respective
populations living in cities. By 2030, it is expected
that in half of the basin’s countries, the majority of
their people will live in cities.

The dense population surrounding Lake Victoria
has grown faster than Africa’s overall population
during every decade since 1960. One estimate of the
population in 2010 shows over 35 million people
living within 100 km of the lake and twice that
many people living within Lake Victoria’s watershed,
which extends across Rwanda, Burundi, Tanzania,
Uganda and Kenya (CIESEN 2010)(Figure 2.8.2).

The lake’s resources are crucial to the livelihoods of
many of these people and significant to all of them.
The expanding population has led to increased
deforestation, land conversion, agriculture, livestock
numbers, industrialization, waste disposal and fishing
pressure (Lehman 2009). This dense population and
consequent changes in the surrounding environment
have had a profound impact on the lake and the
ecosystems of which it is a part.

With 11 countries and 224 million people
sharing the Nile’s waters across very different
climatic regions, water management, particularly
transboundary water management is very
complex. In an area characterized by water scarcity
and poverty, rapid population growth will likely
compound the difficulty for the foreseeable future.

Figure 2.8.2: The dense rural population surrounding Lake Victoria has grown dramatically since 1960 (SEDAC 2010)
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Figure 2.8.3 Nile Basin average annual precipitation

Precipitation and Water Budget

Great extremes in average annual precipitation

and evapotranspiration divide the basin’s countries
into net users of water and net contributors to the
water budget, with extremes at both ends of the
continuum. Egypt receives an average of around ten
mm of rain annually within its part of the basin. In
addition, the heat of the desert and the consequence
of water transpiration over the vast areas of irrigation
make Egypt a net user of water. It relies entirely on
water from upstream wetter countries to survive.
Sudan is also a net user of water. Although it

Figure 2.8.4 Nile Basin modeled available runoff

receives 46 per cent of the basin’s total rainfall, high
temperatures, irrigation, and the Sudd Swamp create
enormous water losses to evapotranspiration.

At the other extreme, Ethiopia receives only
22 per cent of the basin’s total rainfall but lower
temperatures and evapotranspiration in the
highlands allow much of that water to run off. Thus,
Ethiopia contributes well over half of the Nile River’s
total water budget. Uganda, Tanzania and Kenya also
contribute significant runoff to the Nile, although
much of this water is lost in the Sudd Swamp in
southern Sudan before it reaches Khartoum.



Dams, Irrigation and Water Agreements

While the amount of water in the Nile Basin may
fluctuate due to climate change and climate
variability, it can be safely assumed that water
availability will not increase. Since the projected
population growth in the basin will be above average,
this limited resource must be divided among more
and more people. This makes it even more crucial to
manage water sustainably, both within and among
the basin’s countries. Development projects are
underway in several of the basin’s countries and are
being considered in others. They include hydropower
dams, irrigation projects, and other water-diversion
projects (Figure 2.8.5). All of them have implications
for resource use throughout the basin, irrespective of
regional and national boundaries.

Regulation of Lake Victoria’s outflow at Jinja,
Uganda, has a clear effect on the lake’s water levels
(Kull 2006, Swenson and Wahr 2009, Kiwango and
Wolanski 2008, Sutcliffe and Petersen 2007) and
less direct impacts on many of the lake’s other
ecosystem functions (Kiwango and Wolanski 2008,
Minakawa and others 2008). These effects are also
experienced by Tanzania and Kenya, who share the
lake with Uganda, and to a lesser extent by all of the
downstream countries in the basin. Deliberations
about construction of the Jonglei Canal in southern
Sudan continues (Sudan Tribune 2009) in spite of
concerns about serious environmental impacts
(Howell and others 1988, Krishnamurthy 1980, Laki
1994) on a wetland that is listed as a Ramsar Wetland
of International Importance (UN News Centre 2006).
The water the canal would save from evaporation and
transpiration, however, could be of immense value
for agriculture to the downstream communities in
Egypt and Sudan. In Egypt, large volumes of water
are being diverted onto the desert to irrigate crops
and create a new area of settlement and jobs for
Egypt's growing population. The demands for water
that this will create, however, have very important
implications for water development in both upstream
and downstream locations.

The literature often predicts that water
scarcity will be a future source of conflict between
countries that share it. If this is so, the Nile Basin
would be a very likely trouble spot with its many
riparian countries and unequal distribution of water
resources. However, recent scrutiny of the history of
disputes over water resources suggests that violent
international conflict is rare. Rather, countries are
more likely to cooperate in managing shared water
resources (Barnaby 2009, Yoffe and others 2003). The
formation of the Nile Basin Initiative in 1997 is just the
latest of many attempts to work together to manage

Label Name *
1 Edfina
2 Zifta
) Delta
4 Assiut
5 Nag-Hamady
—i] Esna
7 | OdAswan EGYPT
8 HighAswan
9 Merowe

10 ,;;4' Jebel Aulia (Jabal Awiiya)
11 Khashm El Gibra

12 Semnar
13 . Tekeze
14 ‘T Roseires
15 Lake Tana
16 Anger

; 17

18 Alwero
19 Bujagali % S|
20 Owens Falls

21 Sondu Miriu Power Station ¢

Figure 2.8.5 Dams and Water Projects

the Nile's resources across national boundaries; it
remains a work in progress (Cascdo 2009) as countries
continue to review hydropower and irrigation project
proposals (IR 2006).
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Figure 2.8.6: Hydropower facilities
Lake Victoria, Owens Falls Dams, and Water Levels

The majority of the input to Lake Victoria’s water
budget derives from rainfall directly over the lake (82
per cent of inflow) and evaporation (76 per cent of
outflow) (Kiwango and Wolanski 2008). The primary
inflowing stream is the Kagera River, which enters
at the lake’s southwest corner. There are several
smaller streams that enter along the lake’s eastern
and southern shores. The only out-flowing stream

is the Victoria Nile at Jinja, Uganda. Since 1959, the
Nalubaale Dam has controlled the outflow at Jinja
(Kull 2006) (Figure 2.8.6).

Water levels in Lake Victoria declined by
two metres (GRLM 2010) between the time the
Kiira Dam was built at the same location in 1999
until the end of 2006, raising questions about the
possible connection with water releases through
the dams at Jinja (Kull 2006). Multiple studies have
found that as much as half the decline in the lake’s
level during this time period was due to outflow
at the Jinja Dams in excess of rates stipulated in an
agreement with Egypt; these rates were designed
to maintain the relationship between the outflow
and lake levels that existed before the dams were
built (Kull 2006, Swenson and Wahr 2009, Kiwango
and Wolanski 2008, Sutcliffe and Petersen 2007). A

Ldllomeires

Figure 2.8.7: Location of the Nalubaale and Kiira dams

third dam, Bujagali Dam, is now under construction
approximately ten kilometres downstream from

the existing dams. Assumptions about future water
levels are necessary in planning these dams and
their current and future operation. Recent scientific
investigations have found dramatic and sometimes
rapid changes in the lake’s level over the past two
centuries (Sutcliffe and Peterson 2007, Nicholson and
Yin 2000). The future viability of hydropower from
the Victoria Nile is generally as uncertain and variable
as the climate. The lake’s water level may also affect
other ecosystem services, such as fisheries, wetlands,
invasive species as well as water quality (Kiwango
and Wolanski 2008) and malarial mosquito habitat
(Minakawa and others 2008).

Nao lizuka/Flickr.com




Tekezé Dam in Northern Ethiopia

Tekezé Dam

The Tekezé River in northern Ethiopia is a tributary

of the Atabara River, which joins the main course of
the Nile 300 km north of Khartoum. In early 2009,

a Chinese contractor completed the Tekezé Dam,
which rises 188 m from the river bed, at a final cost of
around US$365 million. The dam is intended primarily
for hydropower generation and is expected to
produce 300 MW when fully operational. Undertaken

without the endorsement of the nascent Nile Basin
Initiative, the Ethiopian Electric Power Corporation
(EEEPCo) partnered with the Chinese National Water
Resources and Hydropower Engineering Corporation
for the project. As with many other large hydropower
dams, concerns have been raised about the dam'’s
environmental impacts. In 2008, a large landslide
necessitated the addition of massive retaining walls
to keep the slopes from eroding, adding an additional
US$42 million to the project’s cost.

¢ Wikipedia" 14 /1
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Figure 2.8.9: Merowe Dam on the Nile’s fourth cataract was completed in March 2009

Merowe Dam

Merowe dam in north-central Sudan near the Nile’s
fourth cataract is among Africa’s largest hydroelectric
projects. When complete, it will generate nearly

6 000 GWh of electricity annually and will have the
potential to irrigate around 400 000 ha of crops

(Lahmeyer Int n.d.). Even by regional standards,

Sudan is in dire need of greater electricity generating
and distribution capacity to support much-needed
development (Moussa and Bethmann 2007). However,
the human, environmental and archeological costs

of the Merowe Dam have been substantial and have
raised complaints from NGOs and the UN (EAWAG
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2006, IR n.d., UN News Centre 2006). It has been
reported that when the dam began filling in August
2006 (IR 2006b), it affected 10 000 families forcing
tens of thousands of people to relocate their homes
and livelihoods (Hildyard 2008). The dam submerged
a substantial area of agricultural land, as can be seen
in the high resolution satellite image from January

>

2007 (Inset B, Figure 2.8.9), 18 months before the dam
was closed. Like many of the Nile Basin countries,
Sudan has considered plans for several dams along its
length of the river (Independent 2008, UNEP 2007).
The most controversial of these has been the Kajbar
Dam proposed for the Nile's second cataract.
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Figure 2.8.10: Sudan has the second-highest amount of land under irrigation in Africa af
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Sudan Irrigation

Sudan has an estimated 48 000 km? of land with irrigation
potential, but water limitations constrain the area that can
actually be developed. Currently, 16 800 km? is under
large-scheme irrigation and a total of just under 20 000 km? is
irrigated land (Figure 2.8.10). Plans to increase the irrigated area
are based on the amount of water that would be available if the
Jonglei Canal is completed.

Several problems, including inefficiency and poor
maintenance, have reduced the productivity of Sudan’s existing % : 4
irrigation. The Gezira Irrigation Scheme built in the early 20th -' > ¥ ; S I
century is one of the world’s largest at nearly 9 000 km?2. Other : : '
schemes such as Rahad, New Halfa and the Kenana Sugar ‘ . 3
Plantation were built in the 1960s and 1970s (Figure 2.8.10). R - % - . Péanation
While the Kenana scheme is generally seen as efficient and ; W G
environmentally sound, Sudan’s irrigation overall is ranked last
among the Nile Basin countries in efficiency and use of best
practices (Figure 2.8.11).

Kenana Sygar

ke el e s , 20 g :
Figure 2.8.11: While Sudan has had problems with efficiency at many of its
irrigation facilities, the Kenana Sugar Plantation is widely seen as efficient and
environmentally sound
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Figure 2.8.12: Wet season and dry season images of the Sudd Sw

4 i

ecosystem as well as the livelihoods of local people

Construction of the canal ended

in 1983 and the digger has
remained here since

Wikipedia,

The Sudd Swamp and Jonglei Canal

The Sudd is a vast wetland in southern Sudan
where the Nile River wanders for nearly 644 km,
losing much of its flow to evaporation (Howell and
others 1988). During the dry season, the wetlands
contract to approximately 8 300 km? of permanent
swamp (Krishnamurthy 1980). During the wet
season from April to October, the Sudd overflows
into the surrounding area to cover 80 000 km?. This
annual pattern of flooding is an integral part of
the ecosystem and is crucial to the local flora and
fauna and to the local Nilotic people’s way of life
(Krishnamurthy 1980, Laki 1994).

The Jonglei Canal project is designed to reroute
a portion of the Nile’s flow around the wetland, thus
reducing evaporative loss and increasing the water
available downstream for irrigation. The project
has been at a standstill since November 1983 when
military conflict in the area stopped construction
(Laki 1994). This conflict has now ended and there are
plans to resume construction.

A 1954 study, The Equatorial Nile Project and
its Effects on the Anglo-Egyptian Sudan, identified
many concerns with the Jonglei Canal that are still

amp. Annual overbank flooding creates an enormous wetland that is an integral part of the local

a source of controversy today. It concluded that

a canal diverting 55 million m? of the White Nile's
water per day would mean the loss of 36 per cent of
pasture and 20 000 metric tonnes of fish. It would
also significantly reduce agricultural production
(Laki 1994). The pastoralists who depend on the
area’s seasonal flooding will lose the grasses for their
cattle and access to drinking water; in addition, the
canals will impede their seasonal migration. Several
studies support these concerns and a little-studied
second phase of the project will almost certainly
further affect the area. Environmentalists have voiced
concern that the project could have drastic effects
on the ecosystem, potentially affecting the climate,
groundwater recharge, water quality, fisheries and
the local people (FAO 1997).

The proponents of the canal claim that its
benefits will outweigh impacts on the wetlands. In
addition to enhancing of downstream irrigation,
supporters say that travel from Khartoum to Juba,
the main city in the south, will be reduced by 300 km.
The impact of this project is difficult to predict and
further study is needed to ensure that decisions are
based on sound up-to-date science.
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Desert between 1998 and 2002 which have since largely evaporated

Toshka Lakes

In the mid-1990s, water levels in Lake Nasser on
the Nile River approached the reservoir’s storage
capacity of 183 m above sea-level. Excess water
was released through a spillway that flowed into
the Toshka Depression in the Western Desert. Over
the next several years, continued overflow created
a series of lakes on some of Egypt’s most arid land.

The New Valley Project
— R -

& %
6

After peaking at 182 m above sea level in 1998, levels
declined and flow through the spillway ceased in
2001. Since that time, levels in the Toshka Lakes have

been declining as well—primarily by evaporation and

to a lesser degree by infiltration. At the current rate,
the remaining water will be lost to evaporation as the
lakes disappear in the next few years (Figure 2.8.13).

Figure 2.8.14: The New Valley Irrigation Project uses water from Lake Nasser to grow crops in the desert including wheat,
tomatoes, grapes and citrus. The goal is to irrigate over 3 300 km? of desert land and attract settlers away from the densely

populated Nile Valley

In January 1997, the Egyptian government began
building a network of canals to continue carrying
Lake Nasser water to the eastern portion of the
Toshka Depression with the goal of irrigating

3360 km? of land in the Western Desert. The New
Valley Project was intended to relieve overcrowding
within the densely populated Nile Valley and provide
economic development to Egypt.

Among the many challenges the developers
faced was the fact that only about ten per cent of
the area’s soils are suitable for sustained irrigation
without extensive management. In addition, the
area is prone to wind erosion and dune formation,
which present significant constraints on sustainable
development and settlement in the area. There is

also a considerable cost to create infrastructure to
entice and support the needed labour away from the
less challenging Nile Valley area.

The project is an enormous undertaking with
a cost of over US$1 billion. Critics are concerned
that the anticipated withdrawal of five billion
cubic metres of water per year will reduce water
available to farmers on the delta, leave Egypt
more economically vulnerable to drought and
reduce resources available for other development
opportunities. Much of the needed infrastructure
is already in place and crops are already being
produced, including grapes, cantaloupe, tomatoes,
cucumbers, citrus fruits, and wheat.

pcgladiator.blogspot.com

The Mubarak Pumping Station
pumps water from Lake Nasser
into the irrigation channels
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The Fishery

Lake Victoria has the most important inland fishery
in Africa (Njiru and others 2008). Historically, the lake
supported a large variety of native fish including
hundreds of haplochromine cichlid species (Baskin
1992). The release of non-native, predatory Nile
perch in the lake in 1954 and its later deliberate
introduction in 1962 led to a rapid decline in the
endemic haplochromine species and a matching
explosion of the Nile perch population in the

1970s and 1980s (Goudswaard and others 2008).
The success of the Nile perch experiment led to

an economic boom in the fishing industry. The
annual catch rose from 30 000 metric tonnes in the
late 1970s to 560 000 metric tonnes in the early
1990s (Njiru and others 2008). The benefits of this
growth accrued predominantly to larger commercial
wholesalers and processors rather than to the small
operators, comprised largely of local women, who
had historically dominated the fish trade (Njiru and
others 2008). The fish catch has declined somewhat
since the early 1990s but is still around 500 000 metric
tonnes—valued at between US$300 and US$500
million per year (Yongo and others 2005).

Fishing is not a major source of food or
livelihoods for Sudan with only 1.7 kg of fish
consumed per person annually (FAO 2008), although

Figure 2.8.15: Surface runoff from the Entebbe area south of Kampala can be seen as greenish
clouds expanding out into the water. Heavy runoff of domestic, industrial and agricultural waste
as well as eroded soil is degrading the water quality of Lake Victoria
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the sector has been growing steadily for decades. The
Nile, along with its tributaries and artificial lakes, are
the source of roughly 90 per cent of that production.
There are as many as 100 species in the inland
fisheries, the most commercially important of which
are Nile Perch, Black Nile Catfish, and Silver Catfish.
Most fishing is small-scale artisan activity using
gillnets, seine nets, long lines, cast nets, and baskets
(FAO 2008).

Egypt has significant marine and freshwater
fisheries. Its inland fisheries are generally associated
with the Nile, including the river itself, some brackish
coastal lagoons, irrigation canals, and the reservoirs
on the Nile, the most significant of these being Lake
Nasser (FAO 2008). The inland fisheries account for
almost 70 per cent of the country’s total catch. The
most economically important species are tilapia,
catfish, and the Nile perch (FAO 2008). Egypt's fish
capture production has declined somewhat since it
peaked at over 400 000 tonnes in the late 1990s and
early 2000s (FAO 2008).

Water Quality

Agricultural runoff, industrial waste and untreated
municipal and domestic waste have led to seriously
degraded water quality in Lake Victoria over the
past few decades (Scheren and others 2000, USAID
2009) (Figure 2.8.15). While industrial waste is
generally confined to urban areas (Kampala, Mwanza,
and Kisumu among others), untreated sewage

and agricultural runoff occur all along the heavily
populated shoreline. Phosphorous, and to a lesser
extent nitrogen from untreated waste, put excessive
nutrients into the water driving algae blooms and
contributing to the water-hyacinth invasion seen in
the mid-1990s (Scheren and others 2000, Williams
and others 2005, Albright and others 2004). In
addition, accelerated erosion from deforestation and
agricultural conversion of natural areas has led to
greatly increased sediment loads being carried into
the lake (Machiwa 2003).

As the river flows through Sudan it also picks up
substantial non-point source agricultural and urban
runoff (NBI 2005a). While water quality has generally
been found to be within World Health Organization
standards (NBI 2005a) there are some localized high
chemical pollution concentrations especially in the
Khartoum area (NBI 2005a).
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In Egypt, water quality is under pressure from
intense populations and accompanying agricultural
and industrial activity concentrated along the banks
of the Nile. In Upper Egypt, this comes primarily from
agro-industries particularly sugar cane (NBI 2005b,
Wahaab 2004). Downstream, where populations
are more concentrated, a wide range of industrial
pollution and wastewater enters the river from
Cairo and Lower Egypt’s other urban centres (NBI
2005b, Wahaab and Badawy 2004). While Egypt
has made significant efforts to construct additional
wastewater treatment capacity, population growth
has outstripped capacity and considerable domestic
wastewater enters the Nile with no treatment (NBI
2005b). Intense agriculture and some mixing of
industrial and domestic wastewater in irrigation-
drainage canals are a source of multiple contaminants
in Lower Egypt (NBI 2005b).

Invasive Water Hyacinth

Water hyacinth is an invasive aquatic plant
originating in South America. It first appeared in
Lake Victoria in 1989 and subsequently invaded
much of the lake’s shoreline over the next seven or
eight years with the heaviest infestations occurring
along the north shore and in Winam Gulf in Kenya
(Williams and others 2005, Albright and others
2004) (Figure 2.8.16). The infestation reportedly
caused several serious problems including fouled
drinking water, clogged city-water intakes, impeded
fishing and boating, altered fish populations, fish
kills, reduced tourism, increased mosquito habitat
and clogged drainage ditches, irrigation canals and
culverts (Cavalli and others 2009, Williams and others
2005). Physical removal and limited chemical controls
proved inadequate in reversing the invasion (Albright
and others 2004). In December 1996, a weevil that
feeds on the hyacinth was introduced as a biological
control agent (Williams and others 2005). By the

late 1990s, the weed began a rapid decline and was
largely eradicated by early 2001 (Albright and others
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Figure 2.8.17: Large floating mats of water hyacinth can be seen in Winam Gulf, Kenya in March of 2007

Surface runoff north
of Winam Gulf, Kenya

Figure 2.8.16: The dense rural population just north of Winam Gulf in Kenya increases the eroded
soil, agricultural runoff and domestic waste that run into Lake Victoria

2004). The causes of the rapid decline are not clear
but likely include several factors in addition to the
weevils, including changed weather conditions from
the El Nifio Southern Oscillation (ENSO) event of 1997
and 1998 (Williams 2007).

In 2006, water hyacinth was beginning to return
to some of the areas affected by the 1990s invasion.
Winam Gulf in Western Kenya saw very heavy
infestation in early 2007 (Figure 2.8.17).



Case Study: Coastal Erosion and the Sinking Nile Delta

il e ' :
Damietta Promontory, formed by one of the two principle outlets of the Nile River, eroded 1.5 km between 1965 (yellow line)
and 2008 (red line)

The Nile Delta is built of sands carried to Egypt’s
Mediterranean coast by the Nile River, primarily since
the end of the last ice age. Dams along the river and
sediment trapped in a vast network of irrigation
canals have led to a dramatic decrease in the flow

of water and sediment to the delta’s edge. Since the
closing of the Aswan High Dam in 1964, the forces

of erosion have outstripped the balancing effect of
sediment deposition (Stanley and Warne1993).

While there are some local areas of
accumulation, on balance the delta is now receding
(Stanley and Warne 1993). Damietta Promontory and
Rosetta Promontory have eroded dramatically as
waves and currents have stripped their sands faster
than the river can replenish them. The images show
the changes from shortly after Aswan High dam was
built to recent years. The point of Rosetta Promontory
has receded as much as three kilometres since 1968.

Prior to the construction of the Aswan High
Dam, freshwater from annual floods influenced
salinity and circulation patterns up to 80 km
offshore from the delta (El Din 1977). In contrast,
current discharge patterns allow salt water from the
Mediterranean to reach dams up to 26 km inland
(Frihy and Lawrence 2004). Diminished freshwater
and sediment delivery to the delta also affects
the ecology of coastal lagoons and soil fertility. In

addition, the delta is sinking as new deposits of sail
no longer offset the natural effect of soil compaction.
Coastal protection structures, regulated irrigation,
and increased groundwater exploitation may
mitigate the delta’s decline, but the current
population growth rate threatens to outstrip

these measures.
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MUCh Of PreCipitation Average Annual Rainfall

millimetres.

., Average annual rainfall is heavy throughout the basin |55 s =1 a00- 1 50 masm0-
the basin’s exceeding 2 100 mm in a few parts of Gabon and 7601000 m2000-2250 mE3 250
averaging over 1 700 mm in Gabon, Republic of the _ mm250-22::;::1::500'
populatlon IS Congo, and Equatorial Guinea’s portions of the basin o
(Figure 2.9.1, Figure 2.9.2).
concentrated Population
along river Approximately 650 000 people live in the basin
giving it a population density of less than three
courses people per km?2. Roughly 80 per cent of the basin’s

residents live in Gabon with another 12 per cent in
Congo and about four per cent each in Equatorial
Guinea and Cameroon'’s portions of the basin (SEDAC
2010) (Figure 2.9.3). Much of the basin’s population

is concentrated along the basin’s river courses,
particularly so in Gabon where French colonial policy

relocated villages and towns along major roads and Figure 2.9.1: Ogooué River Basin average annual rainfall
rivers (Laurence and others 2006).
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There are no
major dams on
the Okavango’s
tributaries and
no significant

water diversions

Outflow from the Okavango Delta to the Boteti
River and the Makgadikgadi Pans is minimal
since about 98 per cent of its water is lost to
evapotranspiration (Gieske 1997).

Almost all of the inflow to the Okavango
Delta comes from the Cubango and Cuito Rivers
that capture rains in the more elevated Miombo
woodlands of south-central Angola. There are
currently no major dams on the Okavango’s
tributaries and no significant water diversions
(Scudder 2008). Proposals to build a dam at
the Popa Falls site in Namibia have apparently
been shelved following a pre-feasibility study
that found that the high cost outweighed the
benefits (SAIEA 2009).

The Okavango Delta is among the most
valuable wetlands in the world (Scudder 2008)
with an extraordinary rich variety of terrestrial
and aquatic habitat (Ramberg 2006). The variety
and variability of habitat created by the unique
hydrological patterns of the Okavango Basin
have played a primary role in giving rise to and
sustaining its myriad species—1 300 plant, 71
fish, 33 amphibian, 64 reptile, 444 bird and 122
mammal (Ramberg 2006).

Population

Population is sparse across the Makgadikgadi-
Okavango Basin, averaging just over two
persons per km? for a total basin population

of less than 1.5 million. One-third of these
people live in Angola. Another third live in
Botswana, spread across a much larger area
with a population density of approximately 1.2
persons per km? There are no large cities within
the basin (Figure 2.10.1).

Precipitation

More than half of the basin falls in northwestern
Botswana where mean annual rainfall is around
425 mm. Very little of this rainfall makes its

way into streamflow. Namibia occupies about
one-quarter of the basin and receives a little
more rain on average and makes a significant
contribution to the basin’s water budget,
accounting for about 18 per cent of the larger
Makgadikgadi Basin’s total runoff. Angola, with
a mean annual rainfall around 940 mm and
some locations that receive as much as 1 339
mm of rain each year, contributes the vast
majority (over 70 per cent) of the basin’s runoff.
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While only
three per cent
of the basin
lies in Lesotho,
the country’s
highlands
contribute
nearly 17

per cent of the

water budget

The Vaal River drains the wetter eastern portion

of South Africa, which occupies 60 per cent of the
basin and contributes most of South Africa’s 76

per cent share of the basin’s water. Namibia (25 per
cent) and Botswana (13 per cent) each make up
significant shares of the basin’s area but because of
high evapotranspiration of limited rainfall, make only
minor contributions to the river’s flow.

Precipitation in the basin declines from
east-to-west with some areas of Lesotho and South
Africa receiving over 1 000 mm of rain annually while
western areas of South Africa and Namibia receive
less than 200 mm (Figure 2.11.1, Figure 2.11.2)

Population

Population also follows an east-to-west gradient
with the majority of people living in the eastern third
of the basin. Nearly 12 million South Africans live
within the Orange Basin, most of them in and around
the cities of Gauteng Province. Lesotho’s average
population density of around 67 persons per km? is
the highest in the basin. Populations in the Namibia
and Botswana portions of the basin are quite

sparse with densities near one person per km?
(Figure 2.11.3).

Dams, Irrigation and Development

The Orange River Basin is highly developed, with
many dams and transfer schemes, particularly in

the South African share of the basin. The largest-
capacity dams are the Gariep and Vanderkloof on the
Orange River, the Sterkfont Dam on the Nuvejaars
River, and the Vaal Dam on the Vaal River. The Katse
Dam and Mohale are the largest dams outside of
South Africa. Both are in Lesotho and are a part of
the world’s largest inter-basin water transfer scheme,
the Lesotho Highlands Water Project, which transfers
water north to Gauteng Province to help meet the
Johannesburg area’s rapidly growing water needs
(Earle and others 2005). Irrigation developments line
the river banks. In the Vaal River catchment’s heavily
populated upper reaches, large volumes of water are

utilized for domestic, industrial, and mining purposes.

In the western regions where population is sparse,
water schemes draw on the river to provide water for
livestock, irrigation, and mining (SADC-GTZ 2007).
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Figure 2.11.1: Orange River Basin average annual rainfall
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The river’s
transboundary
nature makes
managing the
Senegal River
Basin’s water
resources very
complex and

challenging

Temperatures rise and rainfall decreases as the

two rivers flow north through southern Mali where
nearly one-third of the Senegal River’s catchment
basin is located. The Manantali Dam in Mali retains
over 11 000 million m? of the Bafin for irrigation and
hydropower generation (IR 1999). One hundred and
twenty-five kilometres downstream of Manantali
Dam, the Bafing and the Bakoye meet to form the
beginning of the Senegal River. The river forms the
border between Senegal and Mauritania for the rest
of its journey to the Atlantic Ocean. Roughly half of
the river’s basin lies in Mauritania where rainfall is
very limited. The river accumulates the flow of several
lesser tributaries, including the Gorgol, Karakoro,
Kolimbine, Falémé and Ferlo Rivers.

The transboundary nature of the river, the
variety of ethnic groups living along its banks,
differing rural and urban priorities, conflicting local
and national interests, and challenging natural
conditions that include limited and highly
variable rainfall, conspire to make managing the
Senegal River Basin’s water resources very
complex and challenging.

Population

The Senegal Basin's population is approximately
seven million. Rural population in the basin is
concentrated along the river and its tributaries

and includes several ethnic groups including

Wolof, Fulani, Tukulor and Moor (Lahtela 2003).

The river is an important resource for most of the
rural population, supporting pastoral, agricultural
and fishing livelihoods. By country, 2.7 million of
Mali’'s population live within the basin, 1.9 million
of Mauritania’s, and 1.5 million of Senegal’s, while
less than one million of Guinea’s population lives

in its seven per cent of the basin (Figure 2.12.1).
Population within the basin is growing very rapidly at
three per cent per year—high even by West African
standards. Urbanization is also high throughout the
basin, with many medium and small cities located
beside the river itself (UNESCO 2003). According

to UNDP’s Human Development Index (HDI), many
among this growing population are living in difficult
conditions. Of the 182 countries ranked on the HDI,
Mali ranks 178, Senegal 166", and Mauritania 154"
(UNDP 2009).

Precipitation

At the river’s source in the Guinean Highlands
precipitation within the Senegal watershed averages
over 1400 mm/yr. As the Bafing and Bakoye Rivers
flow out of Guinea and through southern Mali, rainfall
remains above an average 850 mm/year. Shortly after
the two merge to form the Senegal River, north of
Manantali Reservoir, rainfall drops to below

500 mm/yr, a level at which rain-fed agriculture
becomes very difficult. Roughly half of the basin lies
in Mauritania where rainfall is even more limited.

At the far reaches of the Gorgol, Karakoro, and
Kolimbine Rivers in Mauritania, average annual
rainfall is below 140 mm/yr. Precipitation in Senegal’s
15 per cent of the basin averages approximately 500
mm/yr (Figure 2.12.2, Figure 2.12.3).
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Figure 2.12.1: Senegal Basin population density
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Figure 2.12.3: Senegal Basin modeled available runoff

Rainfall along the Sahel is highly variable
seasonally, inter-annually and over periods of
decades, but on average it declines from
south-to-north. During the great droughts of the
1970s and 1980s, this rainfall pattern shifted to the
south by approximately 100 km (Lebel and Ali 2009)
(Figure 2.12.4). Various studies have conflicting
conclusions as to whether the drought has ended
although it is clear that precipitation has not returned
to levels that occurred during the relatively wet
periods of the 1950s and 1960s. This is particularly
the case in the western Sahel—including the Senegal
Basin—where average annual precipitation over the
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past two decades resembles rainfall levels
from1970 to 1989 when the great droughts
occurred (Lebel and Ali 2009).

Irrigation

Large irrigation schemes in the Richard Toll
area along the Senegal River in Mauritania
and Senegal date back to at least the 1940s
and can be seen to cover a significant area
at the north end of Lac de Guiers in satellite
images from November of 1965 (Figure
2.12.5). The great droughts of the 1970s
and 1980s prompted massive investments
in large irrigation schemes across the Sahel
(Van Asten and others 2003). Rice is the
most suitable crop for the soils, climate
and available irrigation infrastructure in
the Senegal Valley (Verheye 1995) and is
the predominant crop on large irrigation
developments. Other crops include

Average Annual Precipitation

1860 to 2007 500 mm boundary
— 570 o 15688 S00 mm boundary
— 580 o 1554 S00 mm boundary

Figure 2.12.4: In the western Sahel, the northern limit of 500 mm annual
precipitation shifted over 100 km to the south between the 1950-1969

melons, okra, maize, and sorghum (UNESCO
2003, OMVS n.d.).

With the construction of the Manantali Dam in
Mali in 1981 and the Diama Dam in Senegal in 1986,
an estimated 375 000 (OMVS n.d.) to 420 000 ha (FAO
1997) could now potentially be irrigated within the
Senegal Basin. Current irrigation development is well
below that figure and the area actually cultivated
annually is generally well below the approximately
120 000-140 000 ha that are managed for irrigation
in Mali, Senegal, and Mauritania (OMVS n.d., FAO
1997). This is generally attributed to inadequate
maintenance of drainage and other infrastructure
(Connor and others 2008, Verhaye 1995, Van Asten
and others 2003, Boivin and others 1998).

With little dissolved salt, the quality of water
in the Senegal River is generally good for irrigation.
Without proper drainage, however, its alkaline
content can accumulate in soils increasing alkalinity
in the root zone (Van Asten and others 2003). This is
an issue from just upstream of lac de Guiers to just
below Kaédi in Mauritania (Wopereis and others
1998). In the delta region, downstream of lac de
Guiers, neutral soil salinity and salinity of the water
table are the result of interactions with the Atlantic
Ocean (Wopereis and other 1998, Barbeiro and others
2004). While this generally provides a good buffer
against alkalinization, localized areas of saline soils
and the rise of saline water where the water table is
near the surface can present problems to irrigation

Figure 2.12.5: Areas of large-scale irrigation had already been developed along the Senegal River before 1965




in the delta area. In both cases, proper design of
drainage systems and appropriate cropping schedules
can mitigate these issues (Wopereis and others 1998).

The benefits of large-scale irrigation
developments in the Senegal Basin have not come
without significant ecological and human costs.
Among those cited in studies of the irrigation
projects and related dams are the displacement of
thousands of people from their land and traditional
livelihoods, alteration of important natural habitats
and biodiversity loss, reduced riverine woodlands and
unequal benefits distribution (Duvail and Hamerlynck
2003, DeGeorges and Reilly 2006, Horowitz and
Salem-Murdock 1993, Tappan and others 2004).

Figure 2.12.6: Irrigation development in the Senegal River Basin
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The two satellite images in Figure 2.12.6 show
the dramatic changes in a segment of the middle
river valley. In 1984, there was considerable irrigation
development. Outside of the irrigated areas, the
landscape had little vegetation because of the
droughts during 1984 and preceding years. During
the same season in 2009, areas of irrigation had
expanded significantly, identified by the straight lines

of bunds, which are built to retain the irrigation water.

Abundant vegetation grows outside the irrigated
areas as the rains had been more normal in
recent years.
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Figure 2.12.7: The Manantali Dam in t
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Manantali Dam

Prior to 1981, the Bafing River flowed through
western Mali, rising and falling with the
seasonal rainfall at its headwaters in the Guinea
Highlands. The Manantali Dam in western Mali
was one of two large dams built in the Senegal
River Basin in the 1980s by the Organisation

for the Development of the Senegal River
(OMVS). By collecting the highly seasonal waters
of the Bafing River, the dam limits extreme
floods, stores wet-season flow for irrigation,
and provides hydropower to OMVS-member
countries (Figure 2.12.7). However, it has

also displaced approximately 12 000 people,
contributed to the loss of riverine forest along
the lower reaches of the river and disrupted
traditional flood-recession agriculture (IR 2009,
Tappan and others 2004).
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Figure 2.12.8: Years of drought and the construction of two dams brought

the Djoudj and Diawling wetlands to a low point in the 1980s. After changes
in artificial impoundments and water flows, the wetlands rebounded

Djoudj and Diawling Wetlands

Prior to construction of the Diama and Manantali dams, dry season
tides could be detected up to 470 km upstream of the ocean
bringing salt water influence up to 300 km inland of the Senegal
River mouth (Isupova and Mikhailov 2008). Then, in August of each
year during the Senegal River’s peak flow, floods would flush much
of the delta with freshwater from the annual monsoons (Duvail
and Hamerlynck 2003). The alternating brackish and freshwater
environment created a unique wetland system that supported

rich natural habitats and traditional livelihoods including fishing,
grazing, agriculture, and the production of artisanal mat-making
(Duvail and Hamerlynck 2003, Fall and others 2003). Natural
habitats thrived throughout history under this hydrological
regime, including mangroves, saltmarshes, lagoons, acacia
woodlands, and floodplain grasses (Fall and others 2003, WMO
2004, Isupova and Mikhailov 2008).

In Figure 2.12.8, the 1984 satellite image of the Diawling and
Djoudj area shows the wetlands in decline under the influence
of the 1970s and 1980s droughts, which also created a food crisis.
The Senegal Basin countries in response to this crisis proposed
to develop intensive-irrigated rice production by building two
dams on the river. The dams, completed in 1985 and 1988, were
to facilitate development of irrigated agriculture, hydropower
and river transport, although irrigation in the delta has been
less widespread and less productive than planned (Duvail and
Hamerlynck 2003, Poussin and Boivin 2002, OMVS n.d., FAO 1997).

The dams also change the delta’s natural hydrological
patterns with several negative impacts on the natural environment
and the local communities that relied on their ecosystem products
and services (Duvail and Hamerlynck 2003). In the area of Diawling,
fish stocks decreased and much of the wetland vegetation
disappeared (Ba Amadou 2004). Upstream of Diama Dam, the
change to an all-freshwater regime led to invasive plant species
overtaking much of the natural vegetation (Mietton and others
2007). Invasive species posed such a threat that UNESCO listed
Djoudj on its List of World Heritage in Danger (UNESCO n.d).

Beginning in the early 1990s, changes in the hydraulic
infrastructure and dam management allowed controlled water
releases to better mimic previously existing conditions (Duvail
and Hamerlynck 2003b). The wetlands in the Diawling area have
substantially recovered. While invasive species in Djoudj continue
to be a concern, UNESCO removed Djoudj National Park from
its List of World Heritage in Danger in 2006 following mitigation
efforts that include biological controls. In the 2009 image, the
wetlands on both sides of the river are lush with vegetation
following changes in the dams and their operation and a period of
improved rainfall.
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The Volta Basin
lies across parts

of six countries

in West Africa

Akosombo Dam

Despite their relatively small area in the basin, Benin
and Togo make significant contributions to the river’s
water budget by virtue of their location in areas
where rainfall exceeds evapotranspiration.

The Volta River has many tributaries but
the principal streams feeding its flow are the Oti
(Pendjari) River, The Black Volta, Red Volta, and White
Volta. The largest of these is the Oti, which originates
in northwest Benin where annual rainfall is generally
above 1 000 mm. It yields around one-third of the
Volta River System’s annual flow (Barry and others
2005). The Black and White Volta Rivers originate in
Burkina Faso. Many of the smaller tributaries dry up
during arid periods of most years. All of the major
streams converge in Ghana and eventually in Lake
Volta, the largest man-made lake in the world, formed
by the Akosombo Dam built in the 1960s.

Precipitation

The basin has pronounced wet and dry seasons with
two distinct rainy seasons in the more humid south
and a single rainy season peaking in August further
north (Boubacar 2005). Average annual rainfall
generally decreases from south-to-north with areas
in eastern Ghana and Western Togo receiving some of
the heaviest rainfall—as high as 1 500 mm/yr in some
locations. Togo's portion of the river basin receives
the highest mean annual precipitation with an
average of 1 262 mm. Ghana also receives over

1200 mm/yr across its part of the basin. The driest
part of the basin lies in Mali at the far northern
extreme where rainfall averages about 540 mm/yr
(Figure 2.13.1).

High rates of evapotranspiration across most
of Burkina Faso and Ghana leave little excess
runoff to contribute to the river’s flow. The largest
contributions come from Togo and Mali followed by
Ghana and Benin. Both Burkina Faso and Cote d'lvoire
have a negative impact on the basin’s water budget
due to evapotranspiration rates that exceed annual
rainfall (Figure 2.13.2).

Figure 2.13.3: Volta River Basin population density
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Figure 2.13.2: Volta River Basin modeled available runoff

Population

Approximately 28 million people live in the Volta
Basin. The two countries with the largest area in the
basin also have the most people—Burkina Faso with
13 million and Ghana with almost 10 million people.
Togo has the highest population density in its portion
of the basin at 116 persons per km? while Céte
d’lvoire’s part of the basin has only 26 persons per

km?(Figure 2.12.3).
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Over 40 million
people make their
home within the

Zambezi basin

Tributaries enter along both banks, draining portions
of eastern and southeastern Angola and northern
Zambia onto a low-gradient area that forms the
Barotse floodplain. Following the Ngonye Falls, the
river steepens as it continues to collect tributaries,
including the Cuando-Chobe River that drains
southern Angola and Namibia’s Caprivi Strip. Three
hundred kilometres downstream, the river drops a
dramatic 100 m forming Victoria Falls and marking
the beginning of the river’s middle section. Below
Victoria Falls, the gradient steepens sharply, the
flow accelerates, rapids rise, and the river makes a
series of sharp turns for several kilometres (Moore
and others 2007). It then widens and continues
along the border between Zambia and Zimbabwe,
expanding dramatically as it enters Kariba Reservoir.
Downstream by 200 km, the Zambezi enters
Mozambique and flows into the Cahora Bassa
Reservoir. Below this, the gradient levels out again
as the river crosses the coastal plain. Below the Shire
River, the Zambezi crosses another area of floodplains
before reaching the delta and emptying into the
Indian Ocean.

Population

A total of over 40 million people make their home
within the Zambezi basin. While only eight per cent
of the basin’s area is in Malawi, over 13 million people
or one-third of the basin’s mostly rural population
lives there. Both Zambia and Zimbabwe have
roughly ten million of their people living within

the basin. Several of the region’s largest cities and
urban agglomerations are within the basin including
Lusaka and the copperbelt cities of Zambia as well

as Harare and Bulawayo in Zimbabwe and Lilongwe
and Blantyre in Malawi. Countrywide growth rates

in Malawi, Tanzania, and Angola are high by global
standards. Most growth within the basin since 1990
has occurred in Malawi, however, and in the already
large urban areas. Malawi’s population growth rate
peaked in the late 1980s at over six per cent annually
but has since declined to a little over 2.5 per cent
(Figure 2.14.1).

Precipitation

Annual precipitation throughout most of the basin is
adequate to support rain-fed agriculture. It generally
decreases to the south and west from a high of over
1700 mm/yr in northern Malawi to parts of Botswana,
Namibia and Zimbabwe where the average is just
over 500 mm/yr. Rainfall is quite variable spatially and
from year-to-year, especially in parts of the eastern
edge of the basin and particularly in eastern Malawi
and western Mozambique. Over 42 per cent of the
Zambezi Basin falls within Zambia, and occupies
about three-quarters of the country. Zambia's

annual average rainfall ranges from over 1 500 mm

in some northern areas to the 650 mm range across
its southern border. Precipitation averages 950 mm
across Zambia’s portion of the basin, contributing
nearly half of the river's inflow. Angola accounts for
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Figure 2.14.3: Zambezi Basin modeled available runoff

roughly one-fifth, with Malawi, Mozambique and
Zimbabwe supplying nearly all the remaining inflow
(Senay 2009) (Figure 2.14.2, Figure 2.14.3).

Rainfall is very seasonal throughout the basin,
peaking in December and January, and declining
to very little precipitation during the austral winter
months (Chenje 2000). The timing and amount of
rainfall has a very significant impact on the region’s
highly agriculturally based economies (Manatsa
and others 2008, IFPRI 2009). The 20th century
precipitation records indicate that drought was
frequent and severe, following a broad 10 to 15
year precipitation cycle (Manatsa and others 2008,
Nicholson and Kim1997).
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Kariba Dam viewed from the Zimbabwe side of the Zambeii

Kariba Dam

Kariba was the first of the
large dams built on the
Zambezi River. The river’s
water began filling it at the
end of 1958 (Beilfuss 2006).
The dam has an installed
power capacity of 1 350 MW
and creates a reservoir
covering 5 580 km? (Magadza
n.d.). Itis so large that it has
increased seismic activity

in the valley, causing many

small earthquakes since the lake was filled (Magadza
n.d.). The filling of Kariba displaced 57 000 people
(ETH 2004, McDermott-Hughes 2006, Scudder 2006).
Relocation is generally considered to have been
poorly handled leaving most of the displaced much
worse off (Magadza 2006, Magadza n.d., ETH 2004,

Scudder 2006).

Kariba Dam regularized the river’s flow and
began changing downstream flooding patterns. This

Water Development

Four major dams in the Zambezi Basin regulate the
river's flow and generate much of the area’s electricity.
The Cahora Bassa Dam and the Kariba Dam are on the
Zambezi itself, while the Kafue Gorge Dam and Itezhi-
Tezhi Dam are on the Kafue River in Zambia—one of
the Zambezi's main tributaries. All four dams have
generated some degree of controversy regarding

Figure 2.14.4: Cahora Bassa dam and reservoir

had a negative impact on several natural systems
downstream of the dam, especially wetlands,
including the delta area (Scudder 2005, Beilfuss 2006).
The loss of natural flooding patterns also adversely
affected the coastal shrimp fishery in Mozambique
(Scudder 2005). In addition, the reservoir has suffered
invasions of Salvinia molesta and water hyacinth
(Marshall 1981, Magadza 2006).

Kariba’s power generation has been very
important for Zambia and Zimbabwe’s development,
supporting large industries such as the mines in
Zambia's copperbelt (Magadza 2006). In addition, a
productive artisanal and industrial fishery has been
developed in Lake Kariba (Ngalande 2004). The new
large water environment was not ideal for the native
fish species and left large parts of the new habitat
unutilized. A species of fish from Lake Tanganyika,
known locally as kapenta, was introduced into the
lake and quickly colonized the open niche (Magadza
2006). While the fisheries benefits have not fallen
equally to all groups, the catch has been substantial,
averaging around 9 000 metric tonnes between the
mid 1980s and 2000 (Ngalande 2004).

their environmental and human impact (IR 2006).
Proponents argue that the electricity generated is
crucial to the development of basin countries. This
fact is generally not disputed but opponents argue
that the environmental and human costs have been
unnecessarily high due to improper planning and
management, and that the costs and benefits

have not accrued equally to all stakeholders

(Morrissey 2006).




Cahora Bassa Dam in western Mozambique
Cahora Bassa Dam

Cahora Bassa Dam was constructed in 1974 under
the control of the Zambezi Valley Planning Authority.
It was intended to provide hydropower generation,
navigation, irrigation and water for mining and
industry. Cahora Bassa’s closure, along with other
upstream impoundments, further regularized the
flow. The dam has primarily been managed to
produce hydroelectric power, most of it for sale to
South Africa and to a lesser extent to Zimbabwe.
This hydropower will likely to be reduced to below
optimal levels should all the dams along the Zambezi
be managed to mimic natural flooding to benefit
affected ecosystems (Beilfuss 2006) (Figure 2.14.4).

The dam’s human and environmental costs
include a decline in coastal fisheries, loss of
mangroves along the coast, changes in wetland

vegetation, increased disease carrying insects

and invasive plants. Project evaluations prior to

the dam’s closing anticipated these impacts and
recommendations that would have minimized
these costs were not followed in the early days of
the dam’s operation. Recent studies recommended
flow management to restore some of the river’s pre-
impoundment functions by simulating natural flow
variations (Davies 2000, Beilfuss 2006).

Further dams are planned, including the
Mphanda Nkuwa Dam roughly113 km downstream
of Cahora Bassa. Its hydroelectric facility will have
an installed capacity of 1 300 MW (UTIP n.d.). This
electricity is intended to facilitate development in
Mozambique but initially the bulk of it will be sold to
South Africa (IR 2006). Several NGOs and researchers
have raised concerns over the project’s environmental
and human costs (Beilfuss 2006, IR 2006).
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Kafue Flats

The Kafue River, one of the Zambezi's main
tributaries, crosses a broad floodplain roughly 255
km long as it passes between the Itezhi-tezhi dam
and the Kafue Gorge Dam. Before the Itezhi-tezhi
Dam was built on the river in 1978, flooding began
in December and would cover much of the plain well

into the dry season. Although the dam was built to
allow the release of sufficient water to mimic natural
seasonal flooding, it is not clear to what extent

this was done in the past. This floodplain provides
important habitat for rare and endemic species,
including the Kafue lechwe and wattled crane, and
supports local livelihoods, especially cattle-raising
and fishing (Schelle and Pittock 2005). Limited
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seasonal flooding following the dam'’s construction Company put new rules in place so that water
has been linked to a decline in fish production and releases from the dam mimic natural flooding
reduced numbers of Kafue lechwe. The number of patterns (WWF 2007).

lechwe fell from around 90 000 before the dam was The 2008 lite i - 2145 s
built to around 37 000 in 1998 (CEH 2001). € 2008 satellite Image In Figure 2.14.5is from
the dry season when floodwaters have generally

In 2004, a partnership between World Wildlife receded. The 2009 image from seven months later
Fund, the Zambian Ministry of Energy and Water shows the extent of the annual floods during the wet
Development, and the Zambian Electricity Supply season, aided by managed releases.




Aquifers

Just as there are internationally shared river

basins, there are also internationally shared, or
transboundary, water resources and aquifers hidden
underground. Some of the world’s transboundary
aquifers contain huge freshwater resources, enough
to provide safe and good-quality drinking water

for the needs of all humanity for decades (UNESCO
2001) (Figure 2.15.1). Generally, aquifer systems
contain excellent quality water, due in part to their
relative isolation from surface impacts. The hidden
nature of transboundary groundwater and lack of
legal frameworks to manage them, however, also

invite misunderstanding by many policy makers.

Not surprisingly therefore, transboundary aquifer
management is still in its infancy, since groundwaters
are difficult to evaluate and there is a lack of
institutional will and finances to collect the necessary
information. Although there are fairly reliable, detailed
estimates of the water resources in rivers shared by
two or more countries, no equivalent estimates exist
for transboundary aquifers (Salman 1999).

In Africa, groundwater is an important source
of freshwater and it is essential to supplement the
surface water resources in a region that is increasingly
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affected by recurrent drought. Africa is endowed
with large and often under-utilized aquifer resources,
predominantly in the large shared subregional
sedimentary systems of the Sahara and Central and
Southern Africa. There are also significant shared
coastal aquifer resources that supply the large urban
populations concentrated in rapidly growing coastal
areas (Figure 2.15.2).

Large shared aquifer resources often
represent the only source of drought security and
life sustenance for large populations in semi-arid
areas. While the linkages between surface water
and groundwater are critical to aquifer recharge,
the watersheds in many aquifer recharge zones are
threatened by accelerated land degradation and
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Figure 2.15.1: Transboundary aquifers (Source: adapted from UNESCO-IHP/ISARM 2004)
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desertification, reduced seepage and in irrigated Thus, management issues and the transboundary

areas, by water logging and salinization. These implications extend beyond water balance and
threats, which affect very large land areas, have control of the hydraulic systems to include land use
reached a sub-regional and transboundary scale in and protection in recharge and discharge areas. In
Africa (UNESCO 2004). addition to sub-regional aquifers, there are also a

multitude of local transboundary systems shared by

The Sahara and central and southern African two or more adjacent countries (UNESCO 2004).

sub-regional sedimentary systems dominate
transboundary aquifers in Africa. From north-to- Groundwater Case Studies
south the systems include the Saharan-Libyan, the
Sahel Basin with the Taoudenni, the lullemeden,

the Chad and the Congo, and in southern Africa,

the Kalahari and the Karoo. These largest aquifer
systems are predominantly located—and are of
highest importance—in the continent’s arid and
semi-arid dryland zones, which are continuously
threatened by accelerated land degradation, loss of
productive land, and human-induced desertification.

As with surface water basins, it is useful to approach
groundwater at a basin scale. While aquifer systems
are generally not as well defined as river and lake
basins, there are many common interests among
people living over shared groundwater resources.
These include developing an adequate scientific basis
of understanding of the resource, protecting water
quality and ensuring sustainable and equitable use.

Figure 2.15.2: Hydrogeological structures (Source: adapted from BRGM 2005)

T T T T
20°W

N 0 R T H

A T L A N T I ¢

o ¢ E A N

ATLANTIC
o

CAPE VERDE Lol JTh ] ¢ :
OCEAN _ S T

L Sea water intrusion limit N

Large sedimentary basins of
Northern Africa and -SEYCHELLES
Sudano-Sahelian zone

C HaA4NNEL

Recharge (mm/year)
<5 mm 34% .":..'f"ak'g";.'—\q.'bifiﬁﬁﬁ‘Ifill'
Vdake', CatoraBlst e, 1y S %
5-20mm  15% // N
e ¢ N

20-50mm  12% i P

B 20°S _.--/ . +
50-100 mm 11% © MAURITIVS i % W

< / *
100-300 mm 21.5% Hydrogeological Structures 107, 7,
300-500 mm 6.5% Continous media " /
Intergranular porosity il
- >500mm  6.5% Discontinuous media 4
piiill Fissured and fractured s ) s s Al
Recharge of alluvial rocks dominating ¢ A A e
aquifers by the rivers E e o Xk MR % AR | IEER R
Ehik Complex structure ok Cxxity
Dual porosity - Local karstification
0 1000
I ([0 metres Volcanic area (Phanerozoic) MR
20" W 0 €4 3hme + o - oo




Sandstone Aquifer

The Nubian Sandstone Aquifer System underlies
virtually all of Egypt, much of eastern Libya, and
significant areas of northern Chad and northern
Sudan (CEDARE 2001). It can be broadly described
as two distinct aquifer systems vertically separated
by layers of lower permeability that allow some
upward leakage (Alker 2008). The deeper Nubian
Sandstone Aquifer System is older and extends to the
entire area while the Post Nubian Aquifer System lies
above that in more recent geological formations and
covers roughly the northern half of the larger system
(CEDARE 2001).

Figure 2.16.1: Nubian Sandstone Aquifer

People have been
extracting groundwater to a
limited degree for thousands of
years in the North African desert
(Shahin 1987). Historical rates of use, however, are
relatively insignificant compared to the current rate
of abstraction in the Nubian Sandstone Aquifer
System, which has increased by roughly 500 per cent
since the early1960s when large-scale development
began (Bakhbakhi 2006) (Figure 2.16.2). Models of
the aquifer’s water budget show that the current
scale of groundwater use and the increased rate
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Figure 2.16.2: Water abstraction by population (Source:
CEDARE 2001)

of groundwater decline will significantly exceed
historical rates (Ebraheem and others 2003).

While it is clear that the aquifer system holds
an enormous reserve of water, estimates vary
considerably as to the amount—from as little as
15 000 km? (Alker 2008) to 135 000 km? (Gossel and
others 2004), to as much as 457 570 km? (Bakhbakhi
2006). It is generally believed that the aquifer’s water
dates from wetter climates in the past (5 000-10 000
and 20 000-25 000 years BP) and that no significant
recharge is taking place under current climate

conditions (Gossel and others 2004, CEDARE 2001,
Ebraheem and others 2003). Experts generally

accept that the system has not been in equilibrium
for thousands of years and that groundwater levels
were already declining well before artificial extraction
began (Heinl and Brinkman 1989, Gossel and others
2004). Thus, any water withdrawal from the aquifer
under the current climate would be considered
“water mining,” or a rate that exceeds recharge.

Precipitation

Arid and hyper-arid climate conditions in most of the
region dramatically magnify the aquifer’s importance.
Almost all of the water used by people living

above the aquifer comes either from groundwater
abstraction or diversion from the Nile. The average
annual mean rainfall is less than 50 mm and on
average vast areas over the aquifer system receive

no measurable precipitation. The wettest area at the
northernmost tip of Libya receives around 425 mm of
rain. Northern Darfur in Sudan is the wettest area to
the south but sees only an average of around 200 mm
each year (Figure 2.16.4).
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Figure 2.16.3: Dakhla Oasis, 1986-2010

Desert Oasis Development - Dakhla Oasis since 1960 (CEDARE 2001). The related growth in agriculture can

Dakhla Oasis lies 300 km west of the Nile and is surrounded by the
driest of desert landscapes. Its location over the southern edge of
the Post Nubian Aquifer, however, provides access to both shallow
and deep wells within the Nubian Sandstone Aquifer System. While
it is currently home to fewer than 100 000 people, archeologists
believe that the Dakhla Oasis has been continuously settled for
around 8 000 years (Dakhleh Project n.d.). Water extraction from the
deeper Nubian Sandstone Aquifer at the Oasis has grown ten-fold

be seen in the pair of satellite images that span just a few of those
years—1986 to 2010 (Figure 2.16.3). Faced with increasingly crowded
populations along the Nile, the Egyptian government has been
further developing settlement and agriculture in the Western Desert’s
oasis. Some studies suggest that the planned rate of abstractions

for these areas is unsustainable, however, because it will lead to

local depressions in the water table making water more and more
expensive to access (Ebraheem and others 2003).
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Figure 2.16.4: Nubian Sandstone Aquifer System average
annual rainfall

Population

Egypt’s population of over 80 million people makes
up almost 98 per cent of the entire population living
over the Nubian Sandstone Aquifer System (NSAS)
(Figure 2.16.5). Egypt’s population has doubled since
1975 and is projected to grow to over 129 million

by 2050 (UNESA 2008). This situation alone would
mean that by the second half of this century, five
times as many people will be sharing the same water
resources as in 1960. Because of the Nile Valley’s
intense concentration of people, the Egyptian
Government has been seeking ways to attract people
to areas away from the river including regions of

Figure 2.16.5: Nubian Sandstone Aquifer System
population density

well-field development or expansion at East Oweinat,
Bahariya, Farafra, and Dakhla, which will rely on
water from the Nubian Sandstone Aquifer System
(Ebraheem and others 2003).

In addition to the increasing number of users,
however, less water will be available to share as
levels decline. Modeling of the aquifer system’s water
balance shows that present extraction rates are
responsible for measurable changes in water storage
(Ebraheem and others 2003). Furthermore, where
heavy pumping occurs, the areas develop depressed
cones in the groundwater level, which could make it
prohibitively expensive to pump for irrigation in the
future (Ebraheem and others 2003).
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Lake Yoa in the Ounianga Serir Basin lies in the hyper-arid Sahara Desert but is replenished with water from the Nubian Sandstone Aquifer System

Ounianga Basin Lakes in the Sahara

The Ounianga Depression lies in northeastern Chad between the
Tibesti and Ennedi mountains, in the middle of the Sahara Desert. The
area receives an average of only a few millimetres of rain annually but
has an evaporation potential of over 6 000 mm—among the highest
in the world (Krépelin 2009). Nevertheless, a series of lakes survive in
the desert here, fed by a continuous supply of water from the Nubian
Sandstone Aquifer System (Eggermont and others 2008, Grenier and
others 2009, Krépelin and others 2008). Extreme evaporation in this
type of hyper-arid environment typically concentrates dissolved salts
making lakes very saline, and the two largest lakes are Lake Yoa and

Figure 2.16.6: Ounianga Basin Lakes, 2001-2003

Lake Teli. Several of the smaller lakes surrounding Lake Teli, however,
have freshwater due to a unique combination of factors including
vegetative mats that reduce evaporation and a pattern of flow that
draws freshwater through smaller lakes on its way to the large saline
Lake Teli (Kropelin 2007). The vegetation mats can be seen covering
much of the surface of the smaller lakes (Figure 2.16.6).

In spite of the extreme conditions people still live in the
Ounianga Serir basin. A village, Ounianga Kebir, is located on the
west shore of Lake Yoa (western most lake in satellite image). Salt
extraction, date-palm cultivation, and grazing cattle are sources of
livelihood (Hughes and Hughes 1992).




The Great Man-Made River Project

Libya is one of the African countries with the least
amount of renewable water. It relies on groundwater
to meet 95 per cent of its water requirements. The
water is primarily “fossil water” from non-recharging
aquifers such as the Nubian Sandstone Aquifer
System, the North-Western Aquifer System and the
Murzuq Basin Aquifer System (Alker 2008). While
Libya has some aquifers in the north with limited
recharge, salt-water intrusion due to over-pumping
and growing demands have made it necessary for
Libya to look elsewhere to meet its water needs
(Ghazali and Abounahia 2005). In the 1960s, the
discovery of water in deep aquifers located under
Libya’s southern desert inspired an enormous water-
transfer scheme—the Great Man-Made River Project.

Work on the Great Man-Made River Project
in Libya began roughly 30 years ago. The project
brings water from well fields in the Sahara to Libya’s
population, which is generally concentrated in the
northern plains along the Mediterranean Coast. The

Gordontour/Flickr.com

Figure 2.16.7: The East and North East Jabal Hasaouna well
fields supply water for irrigation on the Murzuq Basin and to
Tripoli and the Jeffara Plain in the north

Figure 2.16.8: The expansion of center-pivot irrigation (green and brown circles) between 1972 and 2009 is supplied by water from wells drawing from the Nubian
Sandstone Aquifer System, which are a part of the Great Man-Made River Project
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Figure 2.16.9: Expansion of irrigated agriculture relying on fossil groundwater

water is for industry, domestic use and
to support irrigated farms that feed
Libya's growing population. The system
is among the largest civil engineering
projects in the world.

The majority of the system’s
water comes from Libya’s two largest
groundwater resources—the Murzuq
and Kufra groundwater basins
(Alghariani 2007). Located in Libya’s
southern desert, they hold over two-
thirds of Libya’s groundwater reserves
(Alghariani 2007). Neither aquifer
system receives significant recharge;
consequently any withdrawal of water
reduces the total reserves. While
the total volume of water in the two
aquifers is enormous, drawdown of
the water levels under heavy usage
could eventually make extracting water
prohibitively expensive (Shaki and
Adeloye 2006, Alghariani 2003). The
July 2010 image (Figure 2.16.7, previous
page) shows some of the wells of the
East and North East Jabal Hasaouna well
fields, which abstract around two million
m? of water daily from the Murzuq Basin
Aquifer (Abdelrhem and others 2008).

The satellite image pairs (Figure
2.16.9) show the large increase in
centre pivot irrigation at two locations
—one drawing from the Kufra Basin in
the southeast and the other from the
Murzuq Basin in the southwest. The
majority of Libya's groundwater, as
much as 80 per cent (Alghariani 2003),
is used for agriculture including wheat,
alfalfa, vegetables and fruits. Water and
agricultural demands are driven by
Libya's population, which was growing at
just over two per cent per year in 2008,
down from five per cent per year in the
early eighties (World Bank 2010). Since
the project’s initiation in 1983 the cost of
alternative sources of water, particularly
by desalinization, has become
competitive with water delivered by the
Great Man-Made River transfer scheme
(Alghariani 2003) and will likely become
less expensive in the foreseeable future.

The project is being built in several
stages. Phase One provides two million
cubic metres per day from wells at Sarir
and Tazerbo to the Northern Cities of
Benghazi and Sirte. The second phase
delivers water to the Jeffara Plain and
to Tripoli. The third phase of the project
has begun construction, although some
parts of that phase have been cancelled
(WaterTechnologyNet n.d.).
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Sahara Aquifer System

The North-Western Sahara Aquifer System (NWSAS) the aquifer, including projections

covers a total area of over one million km*: and simulations of the impacts of

700 000 km? in Algeria, 80 000 km? in Tunisia and intensive water withdrawal. NWSAS

250 000 km?in Libya (Figure 2.17.1). It contains is crucial to development in the

sedimentary deposits that have two main levels of north-western part of the Sahara desert, especially
aquifers, the Intercalary Continental (IC) and the to secure food for a growing population close to,
Terminal Complex (TC). The three NWSAS countries and even far beyond its borders, and to meet the
have embraced an approach of joint management. demands of agriculture, industry, and construction.

This approach is based on an in-depth knowledge of
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Groundwater Basin

The lullemeden sedimentary groundwater basin (IAS)
is located in Mali, Niger and Nigeria with minor, non-
connected sections in Algeria and Benin. The aquifer
system, which covers an area of 525 000 km? with

31 000 km? in Mali, 434 000 km? in Niger and 60 000
km? in Nigeria, represents one of West Africa’s major
freshwater reservoirs and is linked to many humid
areas and ecosystems (Figure 2.18.1).

With high demographic growth (from six million
in 1970 to about 15 million in 2000 and probably 30
million by 2025) and the impacts of climatic change
and variability, including regional drought over the
last several decades, the lullemeden aquifer system
increasingly suffers from environmental stress.
Annual water withdrawals of about 50 million m?in
1970 increased to about 170 million m?in 2004 and
the IAS is changing from a strategic regional resource
to an increasingly well-used aquifer system. Total
abstractions now exceed the annual aquifer recharge

Figure 2.18.1: lullemeden-Irhazer Basin

and there are visible impacts

of declining water tables, loss

of artesian pressure and aquifer

pollution in local hotspots and

border areas. The IAS interacts with the regional
Niger River through seepage inflows that support the
river's water resources during periods of low flow and
extended drought.

A number of environmental threats to the
aquifer and the related ecosystems have been
identified including land-use change in recharge
areas and humid zones of the IAS; climatic change;
over-extraction; human-induced water pollution,
and land salinization. To address these threats and
risks, joint mechanisms and cooperative frameworks
have been established. Scientific uncertainty about
the aquifer system and the impacts of climate
change, however, constrain the scope for managing
transboundary risk and conflict in the IAS.

lullemeden-Irhazer Basin
.| @ Capital

e City
</, lullemeden-Irhazer Basin




ke gy "R g
5" ‘e o d

Figure 2.19.1: Southeast Kalahari Karoo Aquifer

Karoo Aquifer

The Southeast Kalahari Karoo aquifer is shared by
Namibia, Botswana, and South Africa, although

it is predominantly used in Namibia where most
recharge probably occurs (Figure 2.19.1). There is a
comparatively good understanding of the aquifer’s
geology and hydrogeology in Namibia. Water
occurs in the Auob and Nossob sandstones of the
Ecca Group (lower Karoo Sequence), as well as in
the overlying Kalahari. The dip of the formations is
slightly towards the southeast and in general the
water quality deteriorates also in that direction (by
about three degrees).

Population on the Namibian side is generally
sparse; water usage is therefore primarily for irrigation
and stock farming. Although the system is large,
because of present uncertainty about recharge it is
not known if it can sustain large irrigation schemes,
so the appropriate balance between irrigation and
sustainability is currently unresolved.

The Southeast Kalahari Artesian aquifer is bordered
by the south-west part of Botswana, the South

Southeast Kalahari-Karoo |
Aquifer System |

4 Capital
® City |
© " Southeast Kalahari Basin |

African Kalahari National Game :
Park, and the Gordonia District. f :

In Gordonia, water quality of the

Karoo aquifers appears to be very

poor, as in the so-called Salt block in the southeastern
part of the Artesian basin in Namibia. At present,
water is used in Namibia for stock watering and
increasingly for irrigation purposes. The system also
supplies five smaller towns with water. By far the
largest portion of the aquifer falls within Namibia,
which is expected to have the largest demand from
the system and where need is expected to rise in
the future.

Significant issues concerning the shared aquifer

The major issue at this stage is for all three countries
to obtain a proper understanding of the aquifer for
joint management of the resource. The countries
can then work out a legal framework for a common
abstraction policy.
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Coastal Aquifers

As with any groundwater resource, the rate of
abstraction in coastal aquifers cannot exceed the
rate of recharge indefinitely without exhausting
supply. About 2.7 per cent of Africa’s population
lives within 100 km of the coast (UNEP 2008). While
this degree of concentration is lower than on the
other continents (Hinrichsen 1995), Africa’s coastal
population is growing rapidly (UNEP 2008). In many
cases, this rising pressure on coastal groundwater
resources has exceeded sustainable levels (Steyl and
others 2010). In addition, excessive abstraction from
coastal aquifers can also lead to saltwater intrusion as
seawater replaces the extracted water.

Twelve of Africa’s coastal groundwater aquifers
are shared by two or more of the continent’s 32
coastal countries. The shared hydrogeology in these
cases makes management a joint concern
of the populations and governments of all
countries involved.

Across North Africa, dependence on
groundwater is magnified by the arid environment
and the lack of alternative freshwater sources. Nearly
half of all groundwater withdrawn in Africa comes
from aquifers in this region. Tunisia obtains 95

per cent of its freshwater supply from groundwater.
The arid environment also means that recharge is
minimal outside of the coastal zone where some
rainfall occurs and away from rivers that provide
some recharge to shallow aquifers. Consequently,
several North African locations are experiencing
serious seawater intrusion including the Nile Delta,
Tunisia, Libya, Algeria, and Morocco. Several factors
have contributed to an alarming drop in water tables
in the Maghreb including drought, urbanization, and
abstraction for agriculture (Steyl and others 2010).

The Siwa Qasis in Egypt and the Jaghbub Oasis
in Libya are located at the margins of the saltwater-
freshwater interface in the Nubian Sandstone Aquifer
System (Figure 2.20.1). Modeling of the aquifer’s
response to current water abstraction at Siwa shows
a slight cone of depression in the surrounding
water table’s surface (Elbadawy 2007). The original
plans for the Great Man-Made River Project in Libya
included a well-field south of Jaghbub and south
of the freshwater-saltwater interface. Research that
modeled the impact this would have on the sea-
water intrusion in the area has raised concern and
further research has been recommended before
proceeding with this part of the project
(Schlumberger Water Services 2007).

Figure 2.20.1: Abstraction of freshwater from coastal aquifers can lead to saltwater intrusion as sea water replaces the water
that is withdrawn. A thorough understanding of the underlying hydrogeology is needed to manage this risk
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Figure 2.21.1: Map of Tano Groundwater Basin/Abidjan Aquifer
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Western Africa’s aquifer systems are generally
complex with a variety of hydrogeological settings
and varying levels of utilization. Coastal aquifers at
several locations in Western Africa have been found
to be deteriorating due to over-exploitation, and

in some cases due to the infiltration of domestic,
agricultural, and industrial pollutants.

Sedimentary aquifers straddling the border
between Cote d’lvoire and Ghana are the principal
water source for several urban areas along the Gulf
of Guinea including Abidjan, Cote d’'Ivoire—a city of
around four million people (Oga and others 2008).
There are two aquifers in a regional unconfined
system: the Quaternary Aquifer along the coast and
the more important Continental Terminal Aquifer just
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inland of the Quaternary (Oga
and others 2008).

The aquifers are under
intense pressure from domestic,
industrial, and agricultural use in this area where
population growth is around two per cent annually.
In some places water quality has deteriorated as
over-abstraction has led to sea-water intrusion,
although salinity in the aquifers remains relatively
minor (Oga and others 2008). There are also some
areas where domestic waste disposal and agricultural
pollution have degraded water quality creating high
concentrations of nitrates (Oga and others 2008).
There is currently no transboundary management of
this important groundwater resource.
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