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S.5 Geography — Drainage & Rivers: Case Studies

Superimposed drainage pattern: this is a drainage pattern which develops on one set of rocks which
are then eroded down to uncover an older and different landscape to which they are not related. If the
drainage pattern from above is maintained and is not affected by the rock structure of the current rocks
then it is superimposed.

Examples are R. Zambezi superimposed on the Karro rock, R. Nile superimposed at Sabaloka
in Sudan.
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Influence of relief on drainage patterns:

The gentle slope enables a river to develop numerous tributaries hence developing a dendritic
drainage pattern.

The mountain/cone/highland/dome/ steep slopes influence the development of radial drainage
pattern. Rivers radiate from the cone following all direction. Examples are on Mt. Elgon.
Down warped landscapes/depressions/basins influence rivers flowing from different directions
to converge into them hence forming centripetal drainage pattern e.g. rivers such as Nzoia,
Kagera, Katonga and Malaba flow into a common point that is lake Victoria.

Areas with Alternating dips slopes encourage the development of barbed/hooked drainage
pattern. Examples are

Areas with Gently sloping dips with minimum rock permeability encourage the development
of pinnate drainage pattern e.g.

Areas with steep and elongated slope between two or more river valleys encourage the
development of parallel drainage pattern e.g. in the escarpment of a rift valley where rivers
flow by the side of each other but with limited chances of joining each other.

Influence of climate/rainfall on drainage pattern:
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5.5 Geography — Drainage & Rivers: Case Studies
Areas with heavy rainfall support the development of barbed drainage pattern to supply water
to the tributaries.

Heavy rainfall received around volcanic mountain cones, encourage the development of radial
drainage pattern e.g. Mt Elgon

Heavy rainfall received in down warped basins influence the development of centripetal
drainage pattern e.g. around Lake Victoria basin.

Heavy rainfall also provides water for the numerous rivers hence the development of pinnate
drainage pattern e.g.

Influence of rocks structure on drainage pattern:

Jointed and faulted rocks have influenced the development trellis drainage pattern.

Alternate bands of soft and hard rocks side by side influence the development of parallel
drainage pattern.

Homogenous or crystalline igneous rocks influence the development of dendritic drainage
pattern.

Difference in rock hardness (heterogeneous) of rocks, occurring in alternate belts of hard and
soft rocks lying at right angles to the slope; influence the development of trellis drainage
pattern.

Permeable rocks such as limestone favours development of seasonal drainage patterns.

These rivers exist for a short period of time in rainy season and disappear during dry season.

Influence of earth movement on drainage pattern:

Volcanicity leads to the formation of dome shaped cones with uniform structure e.g. Mt Elgon
hence influencing development of radial drainage pattern.

Down warping of some areas forming lake basins have influenced the development of
centripetal drainage pattern e.g. Lake Victoria.

Faulting causes escarpments which have influenced the formation of Parallel River guided
valleys hence development parallel drainage pattern.

Faulting influences the formation of fault lines where some rivers flow through hence
influencing the development of rectangular drainage pattern e.g. R. Aswa.

Volcanicity influences the formation of craters with a series of curves where streams flow in
circular around the crater hence development of annular drainage pattern.

Occurrence of uplift on the river course influence the tributaries to appear to flow on the
opposite direction to the main river thus developing hooked /barbed drainage pattern.

ECONOMIC IMPORTANCE OF RIVERS

Rivers have water falls which are important sites for dams used in the production of HEP.
These features are associated with the upper courses of the rivers examples the Owen Falls
Dam on the R. Nile is an important power generating dam supplying the electricity needs for
Uganda, Kenya and Tanzania, the seven fox dam in R. Tana, etc.

Rivers contain flood plains and deltas areas which have very fertile alluvial soil deposits
brought about by periodic flooding. These areas have attracted crop cultivation and settlement
e.g. the flood plains along R. Manafwa in Eastern Uganda, the Nile delta, etc.

Rivers provides navigation/water transport routes especially in the lower sections where the
channels are wide and free from rapids and water falls. Examples are R. Nile in Egypt and
Sudan, R. Tana is navigable for about 400km from its mouth, etc

Large rivers are important sources of fish hence support fishing activities. Fish is consumed as
food. Examples are R. Nile R. Tana, R. Rufigi, R. Ruvuma, etc.
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S.5 Geography — Drainage & Rivers: Case Studies

e Rivers are source of water of supply to the settlement found along river channels, for livestock
and for industrial use. Examples are the Nile breweries at Jinja gets its water from R. Nile, in
Sudan and Egypt, the Nile water is used for irrigation farming in the Gezira scheme, industrial
use at the Sennar dam, Aswan High Dam and domestic use.

e Rivers support mining activities especially at the lower courses of rivers where deposition
takes place. Examples are the small scale mining along the river valleys of Elgeyo Marakwet
district of Kenya, diamond mining in the orange river of South Africa, sand mining for glass
and building industry; clay mining for brick making, boulders are also extracted from the river
banks along R. Mobuku in Kasese and also along the R. Nile at Jinja all for construction and
building purposes.

e Rivers promote tourism since they contain features such as water falls e.g. Murchison falls,
gorges, Bujagali, etc are all important tourist attraction in East Africa hence a source of foreign
exchange used for development of the economy.

e Rivers have influenced the development of urban centers especially at crossing points of rivers
examples are Jinja town in Uganda began its growth and development as being near the point
of a source of R. Nile and Nalubale dam.

e Rivers have supported many agricultural practices such as the growing of sugarcane; rice and
cotton are done along rivers. Examples are rice is grown along the flood plains of R. Manafwa
in Eastern Uganda; rice is also grown along R. Tana in Kenya, etc.

However,

e During heavy rains, rivers tend to flood thereby destroying crops and settlements of the
surrounding areas e.g. flooding of R. Rufigi in Tanzania, R. Manafwa in Tororo, etc.

¢ River flooding increases the spread of water borne diseases like cholera, bilharzia, etc, which
attack people and sometimes leading to death

e The presence of water falls and rapids along the rivers hinder navigation along rivers e.g. the
upper course of R. Nile, etc

e Deep and fast flawing rivers are a social barriers/hindrance between the people living in the
opposite sides of the river for example r. Nile divides Uganda into east and west hence limiting
socialization, trade and other benefits.

2.0 CASE STUDY ONE: THE RIVER NILE (AN AFRICAN EXAMPLE)

2.1 Location and Physical Setting

The River Nile is the longest river on Earth, with a length variously measured at between 6,650 and
6,850 kilometres depending on the measurement method and the tributary taken as its ultimate source.
It flows almost due north across more than 35 degrees of latitude, from the highlands and equatorial
lake plateau of East Africa, through the deserts of Sudan and Egypt, to empty into the Mediterranean
Sea through its delta near Cairo. The Nile basin covers roughly 3.1 to 3.4 million square kilometres,
representing about one-tenth of the entire African continent, and by the 2010s was home to more than
257 million people, a figure that has continued to rise steeply since.

The Nile system is formed by the confluence of two principal branches. The White Nile rises from the
Equatorial Lake Plateau, fed ultimately by rivers draining Burundi, Rwanda, Tanzania, Kenya, the
Democratic Republic of Congo and Uganda into Lake Victoria; it is this branch that Uganda's own
notes on drainage describe passing through Lake Kyoga, Karuma Falls, Murchison (Kabalega) Falls
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5.5 Geography — Drainage & Rivers: Case Studies
and Lake Albert before continuing north as the Albert Nile. The Blue Nile rises in the Ethiopian
Highlands, at Lake Tana, and although shorter than the White Nile, it contributes the great majority
(roughly 80—85 percent) of the total annual discharge of the combined Nile, because of the heavy,
highly seasonal rainfall over the Ethiopian plateau. The two branches meet at Khartoum in Sudan to
form the main Nile, which is later joined by a third significant tributary, the Atbara River, also
originating in Ethiopia, before flowing on through Sudan, over the historic cataracts, through Lake
Nasser behind the Aswan High Dam, and finally across the fertile Nile Delta of Egypt into the
Mediterranean Sea.

2.2 Countries of the Nile Basin

The Nile basin is shared, in whole or in part, by eleven to twelve riparian states, making it one of the
most intensely shared international river basins in the world. These countries are Burundi, the
Democratic Republic of Congo, Egypt, Eritrea (which participates as an observer in basin institutions),
Ethiopia, Kenya, Rwanda, South Sudan, Sudan, Tanzania and Uganda; some classifications also
include a small contribution from the Central African Republic. The countries vary enormously in
how dependent they are on Nile water: Egypt and, to a large extent, Sudan and South Sudan are almost
wholly dependent on the Nile for their water supply, since they lie in arid or semi-arid zones with little
other renewable water, whereas countries such as the Democratic Republic of Congo have vast internal
water resources of their own (mainly within the separate Congo basin) and depend only marginally on
the Nile.

2.3 Historical and Cultural Importance

The Nile has been described as the cradle of one of the world's earliest and greatest civilisations,
ancient Egypt, whose agriculture, settlement and religious life were built entirely around the river's
dependable annual flood and the fertile silt it deposited on the floodplain and delta. This historic
dependence has carried forward into the modern era: even today Egypt draws roughly nine-tenths of
its water needs from the Nile, and national identity, religious symbolism and political sensitivity
around the river remain extremely strong. Within Uganda, the source of the Nile at Jinja carries similar
symbolic and touristic weight, linking the Ugandan section of the river directly into this much larger

continental and historical narrative.

2.4 Economic Importance of the River Nile

(a) Hydro-electric Power (HEP) Generation

The Nile's changing gradient, especially where it crosses resistant rock bars, cataracts, fault-guided
escarpments and its exit from Lake Victoria, has been intensively harnessed for hydro-electric power
at multiple points along its course, by different countries, for different national purposes.

Country / River

Dam / Project Reach

Approx. Capacity  Significance

Uganda's original and
Nalubaale (Owen Falls) | Uganda, Victoria | About 380 MW long-standing hydro-
& Kiira Dams Nile at Jinja combined power base at the Nile's
exit from Lake Victoria
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Dam / Project

Country / River
Reach

S.5 Geography

Approx. Capacity

Significance

Bujagali Dam

Uganda, Victoria
Nile

About 250 MW

Major addition to
Uganda's grid,
commissioned 2012

Isimba Dam

Uganda, Victoria
Nile

About 183 MW

Run-of-river scheme
downstream of Bujagali

Karuma Dam

Uganda, Victoria
Nile at Karuma
Falls

About 600 MW

Uganda's largest hydro-
power station to date

Drainage & Rivers: Case Studies

Controls the entire
downstream flow to

Aswan High Dam Egypt, main Nile | About 2,100 MW Egypt; created Lake
Nasser, ended annual
flooding
Reservoir capacity

Grand Ethiopian Ethiopia, Blue AL 5,150 MW, about 74 billion cubic

. . (targeted); Africa's
Renaissance Dam Nile near the lareest hvdro-power metres; centre of the
(GERD) Sudan border & yaro-p current Nile water

plant

dispute

Taken together, these projects show that virtually every country with a suitable stretch of the Nile or
its major tributaries has sought to exploit the river's hydro-power potential, and that the scale of
exploitation has grown steadily, from Uganda's mid-twentieth-century Nalubaale and Kiira dams and
Egypt's Aswan High Dam of the 1960s, to the far larger, twenty-first-century Grand Ethiopian

Renaissance Dam.

(b) Irrigation and Agriculture

Egypt depends on Nile water for essentially all of its irrigated agriculture, since rainfall over the
country is negligible; the fertile, silt-enriched soils of the Nile Valley and Delta support intensive
cultivation of cotton, rice, wheat, sugarcane and vegetables, sustained by a network of barrages, canals
and, since the completion of the Aswan High Dam, perennial (year-round) rather than purely flood-
based irrigation. Sudan likewise runs extensive irrigation schemes fed by the Nile and its tributaries,
most famously the historic Gezira Scheme between the Blue and White Niles, one of the largest
irrigation schemes in the world, producing cotton and food crops. Further upstream, smaller-scale
irrigation and swamp-reclamation schemes in the Kyoga and Victoria basins of Uganda draw on the
same broader Nile system described in Learning Outcome (a) of these notes.

(¢) Fisheries

The lakes of the upper Nile system — Victoria, Kyoga, Albert, Edward and George — together with
the river itself, support large commercial and subsistence fisheries employing millions of people
directly and indirectly across boat-building, net-making, fish processing, ice production, transport and
export. Nile perch and tilapia from Lake Victoria in particular are exported internationally, making
fisheries a significant foreign-exchange earner for Uganda, Kenya and Tanzania.
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5.5 Geography — Drainage & Rivers: Case Studies
(d) Transport and Communication

Where navigable, the Nile and its associated lakes provide a cheaper alternative to road transport: ferry
and cargo services cross Lake Victoria linking Uganda, Kenya and Tanzania, while stretches of the
White Nile and Albert Nile allow local river transport in areas with poor road networks. In Egypt, the
Nile has for millennia been the country's principal transport corridor and remains important for both

cargo and Nile-cruise tourism.

(e) Tourism and Recreation

The dramatic gorge of Murchison (Kabalega) Falls, where the entire Victoria Nile is squeezed through
a gap only a few metres wide, anchors Murchison Falls National Park, one of Uganda's leading tourist
attractions; the rapids below Jinja, at the river's exit from Lake Victoria, support a globally recognised
white-water rafting and adventure-tourism industry. Downstream in Egypt, Nile cruises between
Luxor and Aswan, and the temples and monuments lining the river's banks, form the backbone of
Egypt's tourism economy.

(f) Water Supply and Industry

Lake Victoria and the Nile system supply piped water to Kampala, Entebbe, Jinja, Khartoum, Cairo
and countless smaller towns along the river's course, while industries located at Jinja and along the
Egyptian Nile depend on the river for process water, cooling and, indirectly, for the cheap electricity

generated from the same water.

2.5 Environmental and Ecological Importance

Beyond direct economic use, the Nile system performs essential ecological functions. The vast Sudd
wetland of South Sudan, one of the world's largest freshwater wetlands, filters sediment and nutrients,
regulates flood peaks, and provides critical habitat for fish and migratory birds, in much the same way
that the papyrus swamps of the Kyoga and Katonga systems do further upstream in Uganda. The Nile
Delta's silt, historically renewed by annual flooding before the Aswan High Dam trapped most
sediment behind it, remains one of the most fertile agricultural zones in Africa, though it is now
increasingly threatened by reduced sediment supply, rising sea levels and saltwater intrusion.

2.6 Challenges of Harnessing and Managing the Nile

(a) Colonial-era Water-Sharing Treaties

Two historic agreements have shaped, and continue to complicate, Nile water politics. The 1929 Nile
Waters Agreement between Britain (acting for its East African colonies) and Egypt, and the 1959
Agreement between Egypt and Sudan, allocated the entire measured flow of the river between Egypt
and Sudan (ultimately 55.5 billion cubic metres a year to Egypt and 18.5 billion cubic metres a year
to Sudan), while giving no formal water allocation whatsoever to any of the upstream states, including
Uganda, Ethiopia, Kenya, Tanzania, Rwanda and Burundi. Because these upstream countries were not
party to the agreements, most of them have never formally recognised the treaties as binding, and this
unresolved legal disagreement underlies much of the tension described below.

(b) The Nile Basin Initiative and the Cooperative Framework Agreement
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5.5 Geography — Drainage & Rivers: Case Studies
In February 1999, the water ministers of the Nile riparian states launched the Nile Basin Initiative
(NBI), a regional intergovernmental partnership intended to develop the river cooperatively, share its
socio-economic benefits fairly, and promote regional peace and security; Eritrea participates only as
an observer. In November 2008 member states signed the non-binding Khartoum Declaration on
environmental cooperation, and in 2010 four upstream states — Ethiopia, Rwanda, Tanzania and
Uganda — signed the Cooperative Framework Agreement (CFA), a water-sharing arrangement
intended to replace the colonial-era treaties with a more equitable framework; Egypt and Sudan,
however, have refused to sign the CFA, regarding it as a threat to their historic entitlements, so the
basin currently operates without a single, universally accepted legal framework.

(¢) The Grand Ethiopian Renaissance Dam (GERD) Dispute

The single most significant current challenge to cooperative Nile management is the dispute
surrounding the Grand Ethiopian Renaissance Dam. Construction of GERD, on the Blue Nile close to
the Sudanese border, began in 2011; the dam's reservoir, with a storage capacity of about 74 billion
cubic metres, completed its final filling stage in September 2024, several turbines came online
progressively from 2022, and Ethiopia declared the project complete in mid-2025, with a formal
inauguration ceremony on 9 September 2025 attended by several regional heads of state. Once fully
operational, GERD is intended to generate around 5,150 megawatts, making it by far Africa's largest
hydro-electric facility and more than doubling Ethiopia's electricity generation capacity, which
Ethiopia presents as a matter of national development sovereignty, financed largely through domestic
bonds and the national budget after the World Bank declined to fund it in the absence of a downstream

agreement.

Egypt, which depends on the Nile for roughly ninety percent of its water, has consistently and strongly
opposed the dam, arguing that its filling and operation could significantly reduce the water reaching
Egypt, particularly during drought years, and that Ethiopia's approach violates the principle in
international water law that a riparian state should not cause significant harm to other riparian states.
More than a decade of negotiations, including bilateral Ethiopia—Egypt talks, trilateral Ethiopia—
Egypt—Sudan discussions, African Union-led mediation and, most recently, renewed United States
mediation efforts proposed in January 2026, have failed to produce a binding, comprehensive
agreement governing how the dam will be filled and operated, especially during drought years. Sudan's
position has shifted over time: initially wary of the dam, Sudan has become progressively more
supportive of a negotiated settlement, recognising that GERD could help regulate the Blue Nile's
notoriously flashy flood regime and offer access to cheap Ethiopian electricity, which has left Egypt
increasingly isolated as the most vocal objector. Tensions escalated further in the months following
the dam's inauguration, when record Nile flooding displaced over a thousand families in Sudan and
caused flooding in Egypt's Nile Delta; Egypt's government publicly blamed what it called reckless,
unilateral dam management, while Ethiopia denied the allegation, illustrating how the absence of a
binding operating framework for drought and flood years remains the core unresolved technical
problem.

Looking ahead, Ethiopia has also revived plans for at least three further hydro-power projects on the
Blue Nile — the proposed Karadobi, Mandaya and Beko Abo dams — signalling that the GERD
dispute is likely to be only the first of several similar disagreements between Ethiopia and downstream
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5.5 Geography — Drainage & Rivers: Case Studies
states in the coming years, and that Egypt's diplomatic strategy is shifting from trying to prevent new
dams outright toward seeking guarantees, through diplomacy and international pressure, that future
projects will not further reduce its share of Nile water.

(d) Other Management Challenges
» Rapid population growth across the basin, which by the mid-2010s already exceeded 257 million
people, is steadily increasing demand for water, food and energy from a river whose annual
discharge is essentially fixed.

» Water hyacinth infestations on Lake Victoria and other Nile-fed lakes periodically choke landing
sites, obstruct navigation and reduce fish catches.

* Pollution and siltation from agricultural runoff, urban and industrial waste, and soil erosion in
deforested catchments degrade water quality and reduce the storage capacity of reservoirs such
as Lake Nasser.

+ Climate variability and prolonged droughts affect lake levels and river discharge, with knock-on
effects for hydro-power generation, irrigation reliability and fisheries throughout the basin.

» Waterborne and water-related diseases, including bilharzia and malaria, remain significant health
risks for communities living along the river and its swamps.

2.7 Summary of the Nile Case Study

The River Nile illustrates, on the largest possible scale, both the immense developmental potential of
a major drainage system, seen in its hydro-power, irrigation, fisheries, transport and tourism
contributions to eleven or more countries, and the acute political difficulty of managing a river shared
by so many states with sharply unequal historical claims, current needs and negotiating power. The
unresolved dispute between Ethiopia, Egypt and Sudan over the Grand Ethiopian Renaissance Dam,
still active in 2026, stands as the clearest present-day example of how the absence of a binding,
universally accepted legal and institutional framework can turn a shared natural resource into a

persistent source of regional tension.
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3.0 CASE STUDY TWO: THE RIVER ZAMBEZI (AN INTERNATIONAL EXAMPLE)

3.1 Location and Physical Setting

The River Zambezi is the fourth-longest river in Africa and the largest African river flowing into the
Indian Ocean, stretching for approximately 2,574 to 2,700 kilometres from its source on the Central
African Plateau in north-western Zambia to its wide delta on the coast of Mozambique. Together with
its tributaries it forms the fourth-largest drainage basin on the continent, covering roughly 1.39 million
square kilometres, slightly less than half the size of the Nile basin. The river either flows through or
forms the international boundary of six countries: Zambia, Angola, Namibia, Botswana, Zimbabwe
and Mozambique, making it, after the Nile, one of Africa's most important internationally shared

rivers, and therefore an excellent international comparison to the Nile case study above.

Geographers conventionally divide the Zambezi into three sections. The Upper Zambezi runs from its
source through Angola and along the Namibia—Zambia and Botswana—Zambia borders down to
Victoria Falls, flowing across broad, gently sloping floodplains. The Middle Zambezi runs from
Victoria Falls, through the Batoka Gorge and Lake Kariba, down to the Cahora Bassa gorge in
Mozambique, a stretch marked by rapids, gorges and the two great man-made lakes described below.
The Lower Zambezi runs from Cahora Bassa across central Mozambique to the Indian Ocean, where
the river splits into several channels (including the Milambe, Kongone, Luabo, Timbwe and the
navigable Chinde mouth) and forms an extensive delta historically covering some 12,000 square
kilometres.

3.2 Victoria Falls

The Zambezi's most famous single feature is Victoria Falls, on the Zambia—Zimbabwe border, where
the river plunges over a basalt lip into a narrow gorge; it is regarded, on the basis of its combined
height and width, as the largest curtain of falling water in the world. Flow over the falls is highly
seasonal, driven by the southern African rainy season: discharge peaks in March and April, when huge
volumes of water pour over the edge, and can fall to only a small fraction of that peak during the
September—October dry season, when much of the rock face is exposed. Victoria Falls anchors a major
international tourism industry on both the Zambian and Zimbabwean sides of the river.

3.3 Economic Importance of the River Zambezi

(a) Hydro-electric Power

The Zambezi's steep-sided gorges below Victoria Falls have made it one of Africa's most heavily
developed rivers for hydro-power, principally through two enormous dam projects.

Feature Kariba Dam Cahora Bassa Dam
Location Kgnba Gorge, on the Zambia— Tete Province, Mozambique
Zimbabwe border
. 1956-1959 (main structure); 1969-1974 (construction);
Built power stations added 1960 and .
1976 commissioned 1974
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Feature Kariba Dam Cahora Bassa Dam
Tvpe / size Double-curvature concrete arch Arch dam, 171 m high, 303 m
P dam, 128 m high, 579 m long long
Lake Kariba, about 280 km long,
holding roughly 180—-185 cubic Lake Cahora Bassa, about 292 km
Reservoir km of water — one of the largest | long, Africa's fourth-largest
man-made lakes in the world by | artificial lake by surface area
volume
Supplies electricity jointly to About 2,075 MW installed
Power capacity Zambia (north bank station) and | capacity; supplies Mozambique
Zimbabwe (south bank station) and exports to South Africa
. 'Za.tmbem River AUthorle (ZRA), Hidroeléctrica de Cahora Bassa
Managing body jointly owned by Zambia and
. (HCB)
Zimbabwe

A third, smaller but ecologically important dam, the Itezhi-Tezhi Dam on the Kafue River (the
Zambezi's largest left-bank tributary), regulates water for the Kafue Flats wetland and an associated
hydro-power station, illustrating how development has extended into the Zambezi's major tributaries

as well as its main channel.

(b) Fisheries and Wildlife-Based Tourism

Lake Kariba supports a substantial commercial and subsistence fishery, notably for the small sardine-
like kapenta introduced into the lake, alongside tilapia and bream, and the lake and its shoreline also
support a significant tourism industry built around fishing, house-boating and wildlife viewing. The
wider Zambezi basin is exceptionally rich in wildlife: the Kafue Flats wetland supports huge
populations of lechwe antelope, the Luangwa Valley (drained by the Luangwa tributary) holds one of
Africa's densest concentrations of wildlife and underpins Zambia's safari tourism industry, and the
main river itself supports large populations of hippopotamus, crocodile and abundant bird life,
including herons, pelicans, egrets and the African fish eagle.

(¢) Irrigation and Agriculture

Water regulated by the Kariba, Itezhi-Tezhi and Cahora Bassa dams supports irrigated agriculture and
commercial sugar estates in the middle and lower Zambezi valley, particularly in Zimbabwe, Zambia
and Mozambique, while the fertile alluvial soils of the historic Zambezi Delta, though now reduced in

extent, continue to support smallholder farming and rice cultivation.

(d) Transport

Unlike the Nile, the Zambezi's usefulness for continuous long-distance navigation is limited by its
rapids, waterfalls and gorges, most obviously Victoria Falls itself; nevertheless, roughly 1,600
kilometres of the river are navigable in separate stretches by shallow-draft vessels, and the lower
Zambezi, from Cahora Bassa to the Indian Ocean, remains an important local transport and fishing
corridor, despite shifting sandbars at the delta mouths.

(e) Tourism
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Beyond Victoria Falls itself, which draws large numbers of international visitors to both Zambia and
Zimbabwe for sightseeing, white-water rafting, bungee-jumping and helicopter flights, Lake Kariba
and the game-rich valleys of the middle Zambezi (including Mana Pools, Lower Zambezi and South
Luangwa National Parks) make tourism one of the most important economic sectors associated with

the river across all six riparian states.

3.4 Environmental Importance

The Zambezi basin encompasses several of southern Africa's most significant wetland and wildlife
ecosystems, including the Kafue Flats and the historic Zambezi Delta, once one of Africa's largest and
most productive estuarine systems at roughly 12,000 square kilometres. These wetlands provide
breeding grounds for fish and birds, buffer floods, and support the fishing- and farming-based
livelihoods of riverine communities in a manner directly comparable to the swamps of the Nile's Sudd

or Uganda's own Lake Kyoga wetlands.

3.5 Challenges of Harnessing and Managing the Zambezi
(a) Dam Safety: The Kariba Plunge-Pool Crisis

After more than sixty years of continuous operation, engineers found that water discharged through
Kariba Dam's floodgates had scoured a plunge pool roughly 90 metres deep at the base of the dam,
and warned that if erosion continued unchecked it could eventually undermine the dam's foundations
and cause structural failure. Given that a catastrophic failure of Kariba Dam could send a wall of water
down the Zambezi valley reaching the Mozambique border within about eight hours, overwhelming
the downstream Cahora Bassa Dam in turn, knocking out an estimated 40 percent of southern Africa's
electricity supply, and putting an estimated 3.5 million people at risk, the Zambezi River Authority
undertook a major Kariba Dam Rehabilitation Project, reshaping the plunge pool and refurbishing the
floodgates, substantially completed by the end of 2025. This episode is one of the clearest illustrations
anywhere in the world of the long-term engineering and safety challenges that come with harnessing
a major river through very large dams.

(b) Resettlement and Social Displacement

The creation of Lake Kariba in the late 1950s required the forced resettlement of an estimated 57,000
Tonga people from the fertile Gwembe Valley, a relocation that disrupted established livelihoods and
settlement patterns and remains a frequently cited example, in African development geography, of the
significant human and social cost that large dam projects can impose on local communities, alongside

their undoubted national economic benefits.

(c) Altered Flood Regime and Delta Degradation

Before regulation, the natural Zambezi flood cycle produced a strongly seasonal minimum-to-
maximum discharge; the combined effect of the Kariba, Cahora Bassa and Itezhi-Tezhi dams has been
to substantially compress that natural range, releasing more even, regulated flows across the year.
While this evens out flooding and supports year-round hydro-power generation, it has also
significantly reduced the size and ecological productivity of the downstream Zambezi Delta, since the
delta's mangroves, floodplain grasslands and fisheries had evolved around a natural, strongly seasonal
flood pulse that no longer reaches the coast in its original form.
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(d) Drought, Climate Variability and Energy Insecurity

Because Zambia and Zimbabwe both depend heavily on Kariba Dam for electricity, periods of low
rainfall and correspondingly low lake levels, as experienced repeatedly in the past decade, translate
directly into national power shortages and load-shedding in both countries, illustrating the
vulnerability of single-river hydro-power dependence to climate variability and prolonged drought.

(e) Trans-boundary Management

Zambezi basin states cooperate through the Zambezi Watercourse Commission (ZAMCOM),
established under an intergovernmental agreement among the eight basin states, to promote equitable
and sustainable management of the shared river, while the Zambezi River Authority (ZRA), a bi-
national body owned jointly by Zambia and Zimbabwe, manages Kariba Dam specifically. This
layered institutional structure, a basin-wide commission for the whole river plus a narrower bilateral
authority for a single major dam, offers an instructive contrast to the Nile, where a basin-wide
framework (the Cooperative Framework Agreement) has so far failed to secure the agreement of every
riparian state.

(f) Other Challenges

+ Siltation of reservoirs, reducing long-term storage capacity and hydro-power reliability at both
Kariba and Cahora Bassa.

* Poaching and pressure on wildlife populations in the game-rich middle Zambezi valley,
threatening the long-term sustainability of wildlife tourism.

» Reduced sediment supply to the delta and coastline, contributing to coastal erosion in parts of
Mozambique.

» Unequal distribution of benefits, since the largest dams and their power output are concentrated
in only three of the six basin states (Zambia, Zimbabwe and Mozambique), while upstream states
such as Angola gain comparatively little direct economic benefit from the river.

3.6 Summary of the Zambezi Case Study

The Zambezi demonstrates, on a smaller but still substantial scale, many of the same development
opportunities as the Nile — hydro-power, fisheries, irrigation, tourism — while highlighting a
different set of core challenges: engineering and dam-safety risk at Kariba, the social cost of
resettlement, the ecological cost of an altered flood regime and delta shrinkage, and vulnerability to
drought-driven energy insecurity, managed through the layered institutional arrangement of
ZAMCOM and the bilateral Zambezi River Authority.
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4.0 COMPARATIVE ANALYSIS: THE NILE AND THE ZAMBEZI

Drainage & Rivers: Case Studies

Comparing the two case studies directly, as required by the syllabus, brings out both important
similarities and important differences between an African and an international example of a major
shared drainage system.

Feature of

River Nile

River Zambezi

Comparison

Approximate length

About 6,650-6,850 km — the
world's longest river

About 2,574-2,700 km —

Africa's fourth-longest river

Basin area

About 3.1-3.4 million sq. km

About 1.39 million sq. km

Number of riparian
states

11-12 countries

6 countries (Zambia, Angola,
Namibia, Botswana, Zimbabwe,
Mozambique)

Major HEP projects

Nalubaale, Kiira, Bujagali,
Isimba, Karuma (Uganda);
Aswan High Dam (Egypt);
GERD (Ethiopia)

Kariba Dam (Zambia/Zimbabwe);
Cahora Bassa Dam
(Mozambique); Itezhi-Tezhi
(Zambia)

Key management
institution

Nile Basin Initiative (1999);
Cooperative Framework
Agreement (2010, not signed by
Egypt or Sudan)

Zambezi Watercourse
Commission (ZAMCOM);
Zambezi River Authority
(bilateral, Kariba only)

Dominant current
challenge

The GERD dispute — unresolved
disagreement over filling and
operating rules between Ethiopia,
Egypt and Sudan

Dam-safety risk at Kariba
(plunge-pool erosion) and
drought-driven power shortages

Social cost
highlighted

Downstream water-security
anxiety in Egypt and Sudan

Forced resettlement of about
57,000 Tonga people from the

treaties (1929, 1959) still disputed

Gwembe Valley
No single agreement accepted b Basin-wide agreement
Legal/agreement g ag ] P M (ZAMCOM) accepted by all eight
all riparian states; colonial-era .
status basin states, though benefit-

sharing remains uneven

4.1 Key Similarities

* Both rivers are shared by multiple sovereign states and therefore require international
cooperation to manage effectively.

» Both have been intensively developed for hydro-electric power at the points where gradient and
geology provide the greatest head of water.

* Both support major fisheries, tourism industries and irrigated agriculture that are central to the
economies of the countries through which they pass.

* Both possess ecologically important wetlands (the Sudd on the Nile; the Kafue Flats and
Zambezi Delta on the Zambezi) that regulate flooding and support biodiversity.
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Both face significant environmental and social challenges arising directly from large-scale dam
construction.

4.2 Key Differences

The Nile is far longer and drains a much larger area shared by roughly twice as many countries
as the Zambezi.

The Nile's principal current conflict is a still-unresolved, three-country legal and diplomatic
dispute (GERD), whereas the Zambezi's most pressing recent challenge has been a physical
engineering and dam-safety crisis at Kariba, since largely addressed through rehabilitation
works.

The Zambezi basin has achieved a basin-wide cooperative agreement (ZAMCOM) accepted by
all its riparian states, while the Nile basin has not yet achieved an equivalent, universally
accepted legal framework.

Egypt's near-total dependence on the Nile for its water supply has no real parallel among
Zambezi basin states, none of which depends so exclusively on the Zambezi alone.

5.0 LESSONS FOR UGANDA AND FOR SUSTAINABLE DRAINAGE-RESOURCE
PLANNING
Both case studies carry direct lessons for how Uganda should plan the sustainable utilisation of its

own drainage features, reinforcing and extending the five-step sustainable-utilisation planning process

already outlined in Section 7 of the main notes on Learning Outcome (d).

1.

Early, inclusive stakeholder agreement is essential: the Nile's unresolved GERD dispute shows
how costly it becomes when a major water project proceeds without a comprehensive, binding
agreement among all affected parties, while the Zambezi's ZAMCOM shows the benefit of
securing basin-wide agreement in advance.

Engineering works must be inspected and maintained over their full operational life: Kariba
Dam's plunge-pool crisis demonstrates that dam safety is not a one-off design question but a
continuing responsibility requiring monitoring and reinvestment decades after construction.

Resettlement and social impacts must be planned for and compensated fairly: the displacement
of the Tonga people at Lake Kariba is a caution against underestimating the human cost of large
water projects, a consideration directly relevant to Uganda's own dam projects at Bujagali,
Isimba and Karuma.

Altering a river's natural flow regime has ecological costs downstream, including at river mouths
and deltas far from the dam itself, a lesson relevant to how Uganda manages releases from its
own Nile dams with respect to downstream neighbours such as South Sudan, Sudan and Egypt.

Diversifying energy sources reduces vulnerability to drought: both the Nile basin and the
Zambezi basin illustrate how heavy reliance on hydro-power from a single river leaves countries
exposed to climate variability, reinforcing the case for Uganda to develop a balanced energy mix
alongside its Nile-based hydro-power.

Regional cooperation bodies work best when every major riparian state is a willing member:
Uganda, as both an upstream and a downstream state within the wider Nile system, has a direct
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interest in supporting frameworks such as the Nile Basin Initiative and the Cooperative
Framework Agreement reaching full basin-wide acceptance.

6.0 OVERALL SUMMARY AND KEY TAKEAWAYS

» The River Nile (Africa) is the world's longest river, shared by 11-12 countries, intensively used
for HEP, irrigation, fisheries, transport and tourism, but currently dominated by the unresolved
GERD dispute between Ethiopia, Egypt and Sudan.

* The River Zambezi (international example) is Africa's fourth-longest river, shared by 6 countries,
likewise intensively used for HEP (Kariba, Cahora Bassa), fisheries, wildlife tourism and
irrigation, but currently defined by dam-safety concerns at Kariba, historic resettlement costs,
and delta degradation from an altered flood regime.

* Both rivers underline that shared drainage resources require strong, inclusive, basin-wide
institutions — the Nile Basin Initiative/CFA for the Nile, and ZAMCOM/ZRA for the Zambezi
— if their development potential is to be harnessed sustainably and fairly.

» Every lesson drawn from these two case studies feeds directly back into the five-step sustainable-
utilisation planning process (resource assessment, stakeholder consultation, environmental
impact consideration, sustainable design measures, and implementation and monitoring)
required for Uganda's own local drainage-resource projects. END
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