Chapter 2
The Nile River Basin

Wossenu Abtew and Assefa M. Melesse

Abstract The Nile River basin is one of the transboundary river basins that is in the
forefront of water resource challenges of the century. As the basin’s population is
growing, water demand is increasing. Focus on basin hydrology, climate change, and
water management is critically needed. The Blue Nile subbasin is relatively more
efficient in generating runoff contributing most of the flow to the Nile compared
to the White Nile. This makes flows susceptible to changes in the watershed. The
basin’s high rate of population growth is putting stress on natural resources including
water. In 25 years, the population of the 11 Nile countries is projected to reach 726
million. A 64 % increase in water demand is projected in the Nile basin countries
without factoring increase in per capita water demand. The link between river and
watershed is becoming vivid as demand for water and power grows and becomes a
source of conflict.

Keywords Nile River - East Africa - Blue Nile - White Nile - Nile countries -
Transboundary rivers

2.1 Introduction

The Nile basin is one of the transboundary basins where the livelihood of millions
will depend on its hydrology more than ever. The Nile, the longest river, 6,650 km in
length, travels from East and East-Central Africa to the Mediterranean Sea with its
watershed in 11 countries (Fig. 2.1). Growing population and limited water resources
make hydrological variations more important. Historically, the Nile River has shown
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Fig. 2.1 The Nile River basin crosses six hydroclimatic zones: (/) lake plateau territory (Burundi,
Rwanda, Tanzania, Kenya, and Uganda), (/) Sudd freshwater swamp (southern Sudan), (/II)
Ethiopian highlands, (/V) Sudan plains (central Sudan), (V) northern Sudan and Egypt (from the
Atbara and Nile Rivers confluence to Cairo), and (VI) Mediterranean zone (coastal region with no
measurable rainfall)

significant fluctuations in flow. Record droughts have been documented including
the recent Sahelian drought of the 1970s and 1980s. A historical account of the Nile
flow fluctuations is documented by Evans (1994). The reason why the Nile flow did
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Fig. 2.2 Average annual flow variation for the Nile River system for different recording periods.
(Data source: Karyabwite 2000)

not drastically decrease during the Sahelian drought was due to wet conditions in the
Lake Victoria basin providing good flow through the White Nile. Historical intense
droughts with dire impacts have been recorded by ancient Egyptians. Strontium
isotopic and petrologic information indicated that around 4,000 years ago, the Nile
flow was so reduced that it resulted in the downfall of a kingdom (Stanley et al.
2003). In recent periods, drastic fluctuation in flow has been reported. An estimated
low flow record of 46km? (billion m?) occurred in 1913. A high flow estimate of
102 km? occurred from 1871 to 1898. Current mean flow at Aswan is 84 km? (Evans
1994). Flow record variation could be both climatic and measurement discrepancies.
Figure 2.2 depicts average annual flow variation for three recording periods at main
flow points on the Nile River system.

The Nile River basin drainage area is more than 3 million km? with 73 % of the
drainage basin in Sudan and Egypt with net consumption of water. The ratio of the
producing watershed to consuming watershed is low. Ethiopia, with 12 % of the
drainage basin, generates 86 % of the river year-round flow. The remaining 14 %
comes from the White Nile which has a larger drainage basin. The White Nile has
year-round sustained flow mainly because of a rainfall pattern with less temporal
variation. About half of the water generated by the equatorial lakes and watershed is
lost in the Sudd marshes (Gedefu 2003). The climate of the Nile basin reflects the
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Fig. 2.3 Population of Nile countries. (2012 CIA World Factbook, South Sudan 2008 census)

latitude range (from 4° S to 32° N) and the altitude range (from sea level to more than
3,000 m). The basin extends from Mediterranean climate at the mouth of the Nile to
tropical climate at the sources of the Blue and White Nile. In between is a large area
with desert and semidesert climate changing into savannah in South Sudan. Rainfall
varies from 2,000 mm in the southwest region of the Blue Nile basin to almost no
rain in the Sudanese and Egyptian desert. The Rwenzori Mountains in the west rise
as high as 4,500 m and annual rainfall can reach 3,000 mm contributing runoff to the
White Nile.

The Nile basin countries, Burundi, Democratic Republic of Congo, Egypt, Eritrea,
Ethiopia, Kenya, Rwanda, South Sudan, Sudan, Tanzania, and Uganda, have a
combined population of 443 million in 2012 with a projected population of 726
million in 25 years (Fig. 2.3). Overall, the watershed is not efficient in generating
enough runoff to overcome losses; only 5 % of the rain results in runoff yield that
makes it to the river terminus, 84 km? at Aswan. The average flow from all subbasins
reaching Sudan is 90 km?. The water demand in the Nile basin is growing due to
population growth and increase in per capita water demand. Due to overpopulation
and climate change, stress on water resources in the basin is growing.

Understanding the historical, current, and projected hydrology of the Nile is
critical for managing the ever-increasing water demand in the basin with potential
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interests outside the basin too. Detail work on the hydrology of the Nile is presented
by Sutcliffe and Park (1999). The seasonal pattern of rainfall in the Nile basin follows
the movement of the intertropical convergence zone (ITCZ) with moisture sources
from the Indian and Atlantic Oceans (Mohamed et al. 2005). The major lakes in the
Nile basin system are Lake Victoria, Lake Kyoga, Lake Albert, Lake Tana, Lake
Edward, and Lake Nasser. Numerous tributary rivers flow into the upper lakes. The
major subbasins are the Blue Nile, Tekeze-Setit-Atbara, Baro-Akobo-Sobat, and the
White Nile. The hydrology of each subbasin is important as drought in one subbasin
may be compensated by wet condition in another subbasin.

2.2 Lakes of the Nile Basin

2.2.1 Lake Victoria

Lake Victoria with an area of 67,000 km? at an elevation of 1,134 m above sea level
is the largest lake in Africa and the second freshwater lake in the world. It is the
source of the Victoria Nile which is a major source of the White Nile and has a
drainage basin of 194,000 km? (Piper et al. 2009). It is shared by Kenya (6 %),
Uganda (45 %), and Tanzania (49 %). The drainage into the Lake is mainly from
Kenya and Tanzania. The main inflow is from Kagera River on the west. The main
rivers from Kenya are Kuha, Awach, Miriu, Nyando, Yala, Nzoia, Sio, Malawa, and
Malikisi and from Tanzania are Mara and Kagera (Degefu 2003). Actually, the Kagera
River flows from Burundi with contributions from tributaries in Rwanda and flow
along the boundaries of Burundi and Rwanda, and Tanzania and Uganda. The lake
has a maximum depth of 82 m with an average depth of 40 m. The Lake outflows
at Owen Falls as the Victoria Nile. The Owen Falls has a hydropower dam since
1954. The dam has resulted in increasing the water level and storage of the lake. But
in recent years, the water level has shown decline (Fig. 2.4). It has been difficult to
provide a hydrological explanation for the sharp rise in water level from 1961 to 1964
(Piper et al. 2009). The Victoria Nile flows into Lake Albert through Lake Kyoga.
Annual average (1912-1982) outflow from Lake Victoria is 27.2 km?, while outflow
from Lake Kyoga is 26.4km® (FAO 1997). Periodic variation of flows from Lake
Victoria is depicted in Fig. 2.2. The equatorial lakes region is shown in Fig. 2.5.

Rainfall seasonal characteristics in the Lake Victoria drainage basin are different
from the Blue Nile basin. The Blue Nile subbasin wet season is distinct and it
runs from June through September. Lake Victoria’s drainage basin rainfall seasonal
variation is smaller except for December, January, and February; the rest of the
months have considerable rainfall ranging from 105 to 200 mm. Runoff has also
lower seasonal variation with lows in January through March but between 20 and
40 mm from April through December as derived from Khan et al. (2011). Their study
was on the major subbasin of Lake Victoria, Nzoia. The highest monthly rainfall is
in April and the highest runoff is in May when the Blue Nile basin is in dry season.
As aresult of this type of rainfall temporal distribution, the White Nile has consistent
month-to-month flow when compared to the Blue Nile.
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Fig. 2.4 Lake Victoria historical relative water level at Jinja, Uganda. (USDA, Production Estimate
& Crop Assessment Division)
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2.2.2 Lake Albert

Lake Albert lies on the border of Uganda and Democratic Republic of Congo at an
elevation of 619 m with an area of 5,374 km?. When the Victoria Nile enters Lake
Albert, the Albert Nile flows out to South Sudan entering the Sudd branching into
Bahr El Zafar and Bahir El Jabal later joined by Bahr El Ghazal and local tributaries.
At Malakal, the Sobat joins from the east forming the White Nile (Fig. 2.1). Although
there are various rivers and streams that join the inflows and outflows of Lake Albert
from the Rwenzori Mountains, the Semliki River is the major inflow. The Rwenzori
Mountains, with annual rainfall between 2,000 and 3,000 mm, are also considered
as source of the White Nile (Eggermont et al. 2009). The highest source of the Nile
contributes significant flow to the White Nile from rainfall and glacier melts although
not as much as Lake Victoria. Lake Edward in the same drainage basin at an elevation
of 920 m and area of 2,325 km? flows into Lake Albert. Annual average (1912-1982)
flow out of Lake Albert (Albert Nile) is 31.4 km?® (FAO 1997). Variation in annual
flows from Lake Albert is depicted in Fig. 2.2.

2.2.3 Lake Tana

The Blue Nile flows out of Lake Tana in the Ethiopian highlands. Lake Tana at
an elevation of 1,786 m above sea level has an area of 3,156 km? (Fig. 2.1). It has
drainage basin of 16,000 km? with inflows mainly from four rivers, Gilgel Abay,
Ribb, Gumera, and Megetch (Chebud and Melesse 2000). It is a relatively shallow
lake with a mean depth of 7.2 m and a maximum depth of 14 m (Wale 2008). Water
level changes are attributed to human activities and changes in climate. Figure 2.6
depicts Lake Tana mean monthly water level fluctuations from a reference point at
Bahir Dar. Increasing trend is shown since 1990 but decline started in the 2000s
after operation of the weir, built to regulate flow into the Blue Nile. Water level
fluctuation for Lake Tana is relatively smaller. A sustained severe drought for 7-8
years is expected to terminate outflow from the lake (Kebede et al. 2006). Lake
Tana outflows as the Blue Nile with an estimated mean annual flow of 3,732 million
m? and a minimum and maximum estimated range of 1,075 and 6,181 million m3,
respectively (Rientjes et al. 2011).

2.2.4 Lake Nasser

Lake Nasser is a man-made lake or reservoir result of the Aswan High Dam built
on the Nile River by Egypt covering some territory of Sudan (Fig. 2.1). At a water
surface elevation of 175 m, it has an area of 5,168 km? with a volume of 121.3 km?
(Abdel-Latiff 1984). The lake area has no measurable rainfall, and evaporation losses
are high, 2.7m yr~! (Omar and El-Bakry 1981). Mean annual inflow of the Nile at
Aswan is 84.1 km? (Table 2.1).



14 W. Abtew and A. M. Melesse

Monthly mean relative water level (m)

0.5 4
¢ +r—-+—+—+7rTrrrrr--rrrrr T T T T T T T T T T T T T T T
=1] - m vy ~ =1 = om Tl ~ = o w ~ % [} oM wy ~ [+1] [} o
i W YW W W W~ 0 0 0 o o ¢ o 9 o Q
o L=;1 (4] (] o =31 [+ (-] (-1} o (=31 [+ (-] o =31 (-3 (-1} o =31 [+ (-] (=] o
- ~ - [} - ~— - - [ - — - - - ~ - [ - ~— - - ~ o~

Year

Fig. 2.6 Relative water level fluctuation of Lake Tana (1959-2003)

Table 2.1 Average annual

§ . Watershed Annual flow (km?)
flows of the Nile River
system. (Modified from Nile at Aswan 84.1
Sutcliffe and Park 1999) Atbara at mouth 1.1
Blue Nile at Khartoum 48.3
White Nile at Khartoum 26.0
Sudd at Malakal 16.1
Sobat at Malakal 9.9

2.3  Watersheds and Tributaries

The source of the Nile is not much of hydrologic significance as most of the flows
come from the tributaries. A spring in the Ethiopian highland is the source of the Blue
Nile. The Kagera in Burundi or the Rwenzori Mountains at the border of Uganda and
the Democratic Republic of the Congo either or both may be referred as the source of
the White Nile. The major river systems of the Nile are the Blue Nile, the Sobat, the
Atbara, and the White Nile contributing 55, 12, 15, and 18 %, respectively (Sutcliffe
and Park 1999).

2.3.1 The Blue Nile

The Blue Nile River basin is the main source of the Nile River with a drainage area
of 324,530 km? (Peggy and Curtis 1994). The Upper Blue Nile basin is 176,000 km?
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in area (Conway 2000). The major tributaries of the Blue Nile River in Ethiopia
are Gilgel Abbay, Megech, Ribb, Gumera, Beshlo, Woleka, Jemma, Muger, Guder,
Chemoga, Wenchit, Fincha, Dedessa, Angar, Dura, Rahad, Dinder, Dabus, Gulla,
and Beles. The upper Blue Nile River basin is wet when compared to the lower basin
(part of the Blue Nile drainage basin outside Ethiopia until it joins the White Nile
River).

Rainfall over the Blue Nile basin has distinct seasonal variation with June, July,
August, and September being the wet months. May is the transition month from dry
to wet season and October is the transition month from wet to dry season. Mean
monthly rainfall distribution over the basin is shown in Fig. 2.7. Dry season rainfall
variation is high. Annual rainfall ranges from more than 2,000 mm in the southwest
of the basin to 800 mm in the northeast (Abtew et al. 2009). Mean annual rainfall
is 1,423 mm with a standard deviation of 125 mm. It is a relatively wet basin. The
estimated 100-year drought annual basin rainfall is 1,132 mm while the 100-year wet
annual rainfall is 1,745 mm. A basin-wide anomaly of + 300 mm of rainfall would
result in extreme drought or high stream flows. Spatial variation of annual rainfall in
the Blue Nile basin is depicted in Fig. 2.8.

The mean annual flow of the Blue Nile from Lake Tana at Bahir Dar is 3.7 km?
with 70 % of the flow occurring from June to September. Seventy-three percent of
the rainfall in the basin occurs from May through September (Abtew et al. 2009).
With tributaries joining along its journey, mean annual flow at the Sudan border at
Roseires reaches 48.7 km>. At Khartoum, the Blue Nile with a mean annual flow of
48.3 km? joins the White Nile to become the Nile (Table 2.1). Periodic variation of
the Blue Nile flow is shown in Fig. 2.2.
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Fig. 2.8 Spatial variation of
annual rainfall in the Blue
Nile basin. (Abtew et al.
2009)
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2.3.2 The White Nile

The farthest source of the White Nile is said to be the Kagera River that flows from
the mountains of Rwanda and Burundi or streams and glacial melt from the Rwenzori
Mountains, a border between the Democratic Republic of the Congo and Uganda
(Eggermont et al. 2009; Sutcliffe and Park 1999). The White Nile at Khartoum basin
area is about 1.7 million km? (Tesemma 2009). From the east, Lake Victoria drains
into Lake Albert through Lake Kyoga as the Victoria Nile (Fig. 2.1). The western
drainage flows into Lake Albert through Lake Edward and the Semliki River and
exits from Lake Albert as Albert Nile. The Albert Nile, also known as Bahr El Zeraf,
flows into the flat marshes of the Sudd branching and joining Bahr El Ghasal and
local tributaries. The Sobat joins from the east as the White Nile travels north to
Khartoum to join the Blue Nile and become the Nile. Later, the Atbara joins from the
east, north of Khartoum. Mean annual flow of the White Nile is estimated as 26 km?
(Table 2.1) and variation of periodic flow is shown in Fig. 2.2.

2.3.3 The Sudd

The Albert Nile flows into a large flatland and forms one of the world’s largest
wetlands extending to 125,000km? of marshes during high flows but averaging
30,000 km? in area. Lateral branching forced by flat topography creates the maxi-
mum opportunity for evapotranspiration. The slow flow through the vegetated marsh
results in as much as 50 % of the water being lost in evapotranspiration and seepage.
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