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Introduction
1.1

Purpose of report

The purpose of this report is to present a baseline survey of the Nile basin. The report
is organized into three major sections. After a brief introduction herein, the first section
presents an overview of the past, present, and future situation of resources in the
basin, focusing specifically on: biophysical, socio-economic, and institutional setting;
land resources management; water resources management; and agricultural
production. Next section spells out challenges related to water and environment in
terms of increasing water scarcity, high rates of soil erosion and sedimentation,
environmental degradation, and management and institutional gaps. The last section
summarizes the baseline conditions and spells out future vision and research agenda.

1.2

Data sources

The compilation of this report involved a literature search compiled from the data and
information in the national reports of the individual countries presented to the UNDP to
establish a consolidated report reflecting the main features of the Nile Basin,
complemented by secondary datasets available at IWMI Head Quarters database and
from published sources such as World Development Report (2000, 2003, 2004), World
Development Indicators (2001, 2003), Human Development Report (2001), Global
Poverty Monitoring Database, World Income Inequality Database, World Resources
Institute, and other resources available online.
Rainfall data and hydrological data from the NBHIS. The database includes monthly
rainfall and hydrological figures for the time period before the implementation of the
MFS project along with daily measurements collected during the implementation of the
MFS project since June 1992.

6

Baseline Report, Nile case

2

Data sources

2.1

Location and area

The Nile basin lies to the North-East of Africa joining the Lake Victoria to the
Mediterranean Sea. The Nile is the world longest river, flowing northwards 6,700
kilometers from 4oS to 32oN latitude and covers ten different countries: Burundi, Egypt,
Eritrea, Ethiopia, Kenya, Rwanda, Sudan, Tanzania, Uganda, and the Democratic
Republic of Congo Table 2-1 compares the Nile river to other river systems in the
World. The basin covers an area of 3,112,369 Km2, approximately 10 % of the African
continent. The Nile has 2 main sources: The Blue Nile; originating from Lake Tana,
Ethiopia and the White Nile; originating from Lake Victoria, Uganda. Figure 2-1 shows
the location of the Nile basin area

Figure 2-1

Location of the Nile basin area (source FAO)

Not only does the Nile provide fresh water to millions, but within its basin there are five
major lakes with a surface area totaling more than 1,000km2 (Victoria, Edward, Albert,
Kyoga, and Tana), vast areas of permanent wetlands and seasonal flooding (the Sudd,
Bahr al-Ghazal, and Machar marshes), five major reservoir dams (Aswan High Dam,
Roseires, Khashm El Girba, Sennar, and Jebel Aulia), and three hydroelectric power
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dams (Tis Isat, Finchaa, and Owen Falls). The course of the Nile flows from highland
regions with abundant moisture to lowland plains with semi-arid to arid conditions. The
entire Nile Basin consists of eight major sub-basins with very different physical,
hydrologic, and climatic characteristics (NFS).
Table 2-1

The Nile compared to other river systems (D R Karyabwite, 1999)

Length Drainage
(Km)
Area
(103 Km2)
Nile
6,850
3,110
Amazon
6,700
7,050
Congo
4,700
3,820
Mekong
4,200
795
Niger
4,100
2,274
Mississippi 970
3,270
Danube
2,900
816
Rhine
1,320
224
Zambezi
2,700
1,200

River

Annual
Discharge
(109 m3)
84
5518
1248
470
177
562
206
70
223

Discharge/unit
area
(103 m3/Km2)
28
728
326
590
78
170
252
312
185

The basin is shared by 10 riparian countries: Burundi, Democratic Republic of Congo,
Egypt, Eritrea, Ethiopia, Kenya, Rwanda, Sudan, Tanzania and Uganda. Sudan,
Ethiopia and Egypt contribute 63.6, 11.7 and 10.5% of the area respectively while
Uganda, Sudan, Rwanda have 98, 79 and 75.5% of their country’s land area in the Nile
basin respectively.
Table 2-2

Country

Burundi
DR Congo
Egypt
Eritrea
Ethiopia
Kenya
Rwanda
Sudan
Tanzania
Uganda
Total

Distribution of basin area in riparian countries (D.R. Karyabwite, 1999)

Country
Area (km2)
27,835
2,345,410
1,001,450
121,320
1,127,127
582,650
26,340
2,505,810
945,090
236,040
8,919,072

Area within the % of the total
% of the
Nile Basin (km2) Nile Basin
country in the
Area
Nile Basin
13,260
0.4
47.6
22,143
0.7
0.9
326,751
10.5
32.6
24,921
0.8
20.5
365,117
11.7
32.4
46,229
1.5
7.9
19,876
0.7
75.5
1,978,506
63.6
79.0
84,200
2.7
8.9
231,366
7.4
98.0
3,112,369
100.0
34.9

It is not length alone that distinguishes the Nile most conspicuously from all its great
rivals. At 6,671km from source to outfall, it is the longest river in the world, but this
statistic should be related to several much more remarkable facts. In the first place, no
other river traverses such a variety of landscapes, such a medley of cultures, such a
spectrum of peoples as the Nile. And none has historically had such a profound
material effect upon those who dwell along its banks, representing the difference
between plenty and famine, between life and death, for multitudes since the beginning
of time.
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When the desert approaches the river (photography Sasa Roskar).

2.2

Topography

The Nile basin has a varied topography as shown in figure 2-2. From the highest point
at 5,120 m above sea level in the Rwenzori mountain range, to the Quattarah
Depression, at 159 m below sea level, the Nile River consists of flat reaches in certain
sub-basins presently linked by steep channels. Within this basin the topography is
diverse. The highlands of the Ethiopian Plateau and the Rwenzori Mountains give way
to the lowland pastoral plains of Sudan and the deserts of Egypt. Tropical vegetation,
snow-capped peaks, and some of the driest areas in the world, as well as some of the
largest bodies of inland waters, are found along the basin’s length and breadth. Figure
2-1 shows the Nile basin topography.
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Figure 2-2 (a)

Figure 2-2 (b)

Nile basin topography

Altitudes of different parts of the Nile.

The Nile is characterized by two mountainous plateaus rising thousands of meters
above mean sea level. The Equatorial Plateau in the southern part of situated between
the two branches of the Great Rift Valley is at a level of 1,000 to 2,000 m and has
peaks of 5,100 and 4,300 m. This plateau contains Lakes Victoria, George, Edward
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and Albert, which slope gently toward the north at an average rate of 1m for every 20 to
50 km of stretch. In contrast the rivers which connect these lakes fall at an average rate
of 1m every km or less of length. The Ethiopian Plateau, which forms the eastern part
of the basin, has peaks rising to 3,500 m. north of the Equatorial Lake plateau the
basin descends gradually to the Sudan plains where the Nile runs at altitudes lower
than 500 m in its northerly direction. About 200 km south of the Egyptian border the
river cuts its channel in a narrow trough bounded from each side by the contour line of
200 m ground surface level. Almost 200 km before discharging into the sea, the river
bifurcates and its two branches encompass the Nile Delta. The Nile basin can be
divided into six major regions: the Lake Plateau, the Sudd, the White Nile, the
Ethiopian Plateau, the Main Nile and the Nile Delta.

2.3

Drainage network

The Nile Basin has two main rivers - the White Nile and the Blue Nile, which join
together at Khartoum to form the Nile. Consequently, the Nile basin can therefore be
sub-divided into 3 main sub-basins, namely: the White Nile, the Blue Nile and the Main
Nile. The Nile basin can be divided into six major regions: the Lake Plateau, the Sudd,
the White Nile, the Ethiopian Plateau, the Main Nile and the Nile Delta.

2.3.1 The Lake Plateau
The lake plateau consists of the Lake Victoria sub basin and the Kyoga-Albert sub
basin. The Lake Victoria plateau drains five countries which include Burundi, Rwanda,
Kenya, Tanzania and Uganda. Figure 2-3 shows the extent of the Lake plateau in the
great lakes region.

Figure 2-3

Equatorial plateau (D.R. Karyabwite, 1999)

The lake Victorian sub basin
The main rivers that discharge into the lake include: Nzoia, Yala, Nyando, Sondu rivers
which drains the western highlands of Kenya; Mara river which drains the Mau Hills in

11

Baseline Report, Nile case

Kenya and Mara plains in Kenya and Tanzania and the Kagera river which drains the
mountainous region covering Burundi, Rwanda, Tanzania and Uganda. This Kagera
river basin is a mountainous country, covering Burundi, Rwanda, Tanzania and
Uganda. The greater part of it is situated between 1,200 and 1,600 m levels, but in the
west the country level is at 2,500 m and rises to 4,500 m to form the peaks of the
Mufumbira Ranges. The Kagera basin is a complex of rivers and streams of varying
order, which are intercepted and interconnected by lakes and swamps. Its discharge is
low because of the swamps and lakes, which exist in the basin and the considerable
length of streams flowing in it.
The Kagera river catchment has an area of 60,000 km2 (most of it in the densely
populated mountain areas of Burundi and Rwanda) and contributes 33% of the surface
water inflows into the lake. The tributaries of Kagera River originate from the mountain
catchments, flow in steep and narrow river valleys in the foot slope areas and into the
lowland plains where the river slope varies from 0.2-0.5 m km-1 where most swamps
are formed. The eastern half of the catchment receives an annual rainfall less than
1000 mm but the rainfall increases westwards with the increase in elevation to over
1800 mm per annum. The rainfall in the catchment is bimodal with the south-easterly
monsoons bringing in rains between February and March and the north-easterly
monsoons bringing in rains from September to November. The water yield of the
catchment is 136 mm (11.6% of the annual rainfall in the catchment). The low water
yield is mainly attributed to the high evapo-tranpiration losses in swamps and lakes,
which cover approximately 3,000 km2.
Lake Victoria, the largest lake in Africa, is a depression with a surface of about 69,000
km2, at a level sea of 1,134 m. Lake Victoria has a total catchment area of xxx km2 and
a water surface area of 67,000 km2, average depth of 40 m and a maximum depth of
79 m. The lake catchment is divided between 5 countries: Burundi, Kenya, Rwanda,
Tanzania and Uganda. Three sources contribute to the net supply of Lake Victoria: the
outflow of River Kagera, the direct precipitation on the lake surface and the direct runoff
of the land portion of the catchment. The water levels fluctuates around 1,134 a.m.s.l.
Its water level has shown little fluctuations between the different months of the year
(the lowest being 11.92 m in September and the highest being 12.23 in May) and the
mean annual depth has varied from 10.2 to 13 between 1896 and 1998 (Sutcliffe and
Parks, 1999). The major increases in the Lake water level are associated with high
regional rainfall in the 1961/64 and 19xx. Fluctuations in the lake water level have had
an effect on the lake outflow which has fluctuated between 1- 4.5 km3 per month at
Jinja gauging station over the period 1896-1997 (Sutcliffe and Parks, 1999). The lake
water balance shows that the lake receives a mean rainfall of 1858 mm, a surface
water inflow (total inflow divided by lake surface area) of 343 mm and the mean outflow
is 524 mm.
The Victoria-Kyoga-Albert sub basin
The Nile River changes its name as the water flows from one lake into the other - the
Upper Victoria Nile is the section that connects Lake Victoria with Lake Kyoga, the
Lower Victoria Kyoga-Nile is the section that connects Lake Kyoga and Lake Albert,
while Albert Nile is the reach that drains Lake Albert and its catchment areas.
The Upper Victoria Nile River is 130 km long and the difference in level between its
inlet and outlet at Lake Kyoga is 105 m. Its width varies between 300-600m. Its main
feature is the Owen Falls Dam. Its discharge is controlled by the lake water level and
the hydropower generation at Owen Falls Dam.
Lake Kyoga which is a shallow depression consisting of a number of arms, many of
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which are filled with swamp vegetation Is fed by the Victoria Nile river, Sezibwa river
which drains the southern highlands of Uganda between Kampala and Jinja towns and
by Malaba, Sio, Siroko, Ukutat, Okare and Dopeth rivers which have part of their
catchments in Kenya. The dominant discharge into the lake is from the Sio-MalakisiMalaba River, which drains Mt. Elgon catchments in Kenya and Uganda. The lake has
an area of 6,270 km2 and a catchment area of 57,004 km2. Its depth varies from 3 to 7
m. In spite of 1,300 mm annual rainfall, the excessive evapotranspiration from the
swamps covered with papyrus and the insignificant supply brought by many of the
rivers draining into the lake the loss of water is very high. The Lake Kyoga catchment
consists of the Victoria Nile catchment plus the surrounding catchments that pour their
water directly into Lake Kyoga.
The Lower Victoria Nile is 75 km long. It transcends a succession of rocky rapids
descends the Murchison Falls and shortly afterwards enters Lake Albert trough a
swampy delta. On the west of the Lower Victoria Nile there is a large system of
swamps with a drainage entering the Nile by the Kafu River, but its contribution is
negligible, except after heavy rains. The difference in water level in the Lower Victoria
Nile is 410 meters. The chain formed by Lakes Albert, Edward and George forms a part
of the Great Rift Valley
Lake Albert has a surface area of 5,300 km2 corresponding to an elevation of 617
meters. The maximum depth is 50 m. The runoff from the lake drainage basin plus the
direct precipitation on the lake itself is all lost by evaporation from the lake surface. The
net gain comes from the inflow of River Semliki, which enters the lake from the
southwest. The lakes catchment area is 16 699 km2 and receives water from the Musizi,
Nkusi, Wanbabye, Wake, Weiga and Semliki rivers which drains the Ruwenzori
mountains and the surrounding highlands and lowlands.
In the western side of Uganda, the Katonga River drains the central part of southern
Uganda and conveys the water through a series of papyrus swamps in Lake George,
which at an area of 300 km2 and a depth of 3 metres is connected to Lake Edward
through the Kazinga channel.
Lake Albert is fed by Ntanga, Ishasha, and Nyamwere and other streams flowing down
from the Ruwenzori Mountain and Kabale highlands and by Lake George
(approximately 300 km2) via the Kazinga channel. It is drained by Albert Nile, which
becomes Bahr el Jebel River at the border of Sudan and Uganda.
Lake Edward is located at the border of DR Congo and Uganda. It has a surface area
of 2500 km2, a catchment area of 1,935 km2 and is over 100 m deep in some sections.
Its water level fluctuates around 2,200 m above sea level. The Semliki River drains
Lake Edward and part of Mount Ruwenzori catchment of Uganda and the Democratic
Republic of Congo and discharges the water into the southern tip of Lake Albert.
The Semliki River connects Lakes Edward and Albert a distance of 250 km down the
Rift Valley to the west of the Ruwenzori Mountain. The difference in water levels is 295
meters. Most of the drop takes place over the rapids in the upper of the river course. In
the lower part the river has a width of 150 m in flood reduced to 50 m at low stage. The
average depth of water in these two seasons is 5 m and 3 m respectively.
Lake George is situated on the equator and its surface area at an elevation of 915
meters is 300 km2. It is drained by a number of streams flowing down from the
Ruwenzori into the swamps at the northern end of the lake. The principal tributary, the
Mubuku, carries considerable flow and sediment during the floods (2 HEPP have been
built along the river and a third is planned).
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2.3.2 The Sudd region and Central Sudan
This region consists of the Bahr el Jebel and the Bahr el-gazal sub basins as shown in
figure 2-4 below.

Figure 2-4

The Sudd region

The Bahr el-Jebel sub basin
The Nile flows out of Lake Albert at the extreme north corner of the lake as the Albert
Nile in Uganda (referred to as Bahr el Jebel in Sudan). The area occupied by the
swamps and open water is estimated at about 380 km2. It is not a deep river and its
width varies from 100 to 300 m. A number of small streams join the Bahr el Jebel from
both sides in this reach. The Bahr al Jebel sub-basin consists of Nile river catchment
areas upstream of Lake No. Bahr El Jebel River stretches a distance of about 1,156 km
from the outlet of Lake Albert to the inlet of Lake No. Lake No is a large shallow water
body formed where the sluggish rivers Bahr el Ghazal and Bahr el Jebel join. The
additional catchment areas over the Albert-Nile sub-basin are characterized by a shift
in rainfall regime to a predominantly uni-modal rainfall. The river has low gradient
between the outlet of Lake Albert and Nimule at the border of Uganda and Sudan and
downstream of Juba where the Sudd swamp starts. In downstream of Juba, the river
enters into a the Sudd floodplains where the main river channel carrying capacity is
less than the high flow and several alluvial channels have been formed. The excess
flow leaves the main river through small channels, which pierce the riverbanks or spill
over at high flows. The Sudd swamp is therefore a complex of many river channels,
series of lakes, permanent swamps and seasonally flooded grasslands.
North of Bor the Valley widens and becomes swampier, while the sides are less
defined. Extensive swamps spread out on either side of the river and continue down to
Lake No. This region is known as the Sudd. Because of the high rate of loss of
water from the Sudd region and the vast area from which this loss takes place, the
total loss in average year amounts to approximately half of the total flow at Mongalla. In
an attempt to transport the water in this region with less loss, the Bahr el Zaraf was
joined to the Bahr el Jebel by two cuts of distances of 106 to 112 km from Shambe.
Between the two cuts and Lake No in the north there are occasional isolated spots of
high ground, compared to the surrounding swamps. At Lake No the Bahr el Ghazal
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joins the Bahr el Jebel and the combined stream turns abruptly to the east, bearing the
name "White Nile". Here the swamps end.
The Bahr el Ghazal sub basin
The Bahr el Ghazal is the river flowing from Meshra el Req to Lake No. The length of
the stream does not exceed 160 km, but the size of its basin is by far the largest of any
of the sub-basins of the tributaries of the Nile River. Bahr el Ghazal drains the southwestern area of Sudan and has a catchment area of xx km2. The upper catchment
consist of highlands with a relief of up to 1000 m and relatively higher rainfall 12001400 mm yr-1 which provides a good drainage which gives rise to several seasonal
tributaries that converge near the confluence of Bahr el Ghazal and Bahr el Jebel. Only
0.1% of the rainfall on the basin reaches the basin outlet at Lake No due to the high
evaporation from the swamps. The rivers mainly leave the upper catchments in well
defined river valleys where sediments are deposited as the slopes decreases. On
either side of the Uganda-Sudan border that coincides with the division between the
Nile and the Congo Basins, numerous streams arise. Most of them descend to a large
swampy plain in which they wind and finally spread and cease to exist as streams with
definite courses, except for the Jur, which preserves its channel and joins the Bahr el
Ghazal. The many temporary streams which join the Ghazal on both sides are usually
blocked by papyrus and therefore cannot contribute much water The lower Bahr el
Ghazal consist of a series of river channels, lakes and papyrus swamps and seasonally
flooded grasslands. Approximately 3% of the inflow into the Bahr el Ghazal swamps is
discharged into Bahr El Jebel River. Lake No is nothing but a large shallow lagoon,
where the sluggish Bahr el Ghazal joins the Bahr el Jebel after having a tremendous
volume of water wasted in the vast swamps.

2.3.3 White Nile
The stretch of the Nile from lake No down to its junction with the Blue Nile is known as
the White Nile as shown in figure 2-5 below.
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Figure 2-5

The White Nile

The White Nile sub-basin is made up of the Nile catchment upstream of the confluence
of the White and Blue Niles. The Nile River reaches known as the White Nile extends
between the outlet of Lake No and the confluence of the White Nile and Blue Nile. This
stretch of the Nile is reasonably well contained in its channel, which is extremely flat
(0.015 m km-1). In the upper 120 km from Lake No to the mouth of the Sobat River
there are several swamps, khors and lagoons. The streams that discharge into the
White Nile River are seasonal and small. In the remaining 800 km, from Malakal to just
upstream of Khartoum, the channel of the White Nile is almost free of Swamps. The
drainage basin of the White Nile extends from the foothills of the lake plateau in the
south to the junction of the White and Blue Nile up north and from the foothills of the
Abyssinian Plateau in the east to the Nile-Congo basins division in the south-west and
the Nuba Mountains in the west. From Lake No to the mouth of the Sobat River, the
Nile flows in an undefined vegetated course through a plain with a width of 1 km at
Malakal. From the mouth of the Sobat to the north of Kosti the width of the depression
between the river banks increases from 3 to 4 km, whereas the width of the river
channel itself is between 300 and 400 km. North of Malakal up to its junction with the
Blue Nile, the river flows in a well-defined channel or channels.

2.3.4 Ethiopian Plateau
The three major tributaries of the Nile, which emanate from the Ethiopian Highlands the
Sobat, the Blue Nile and the Atbara, are highly seasonal rivers with a ratio of peak to
low flow of about 40:1. This plateau consists of three sub basins which include the
Sobat river sub-basin, the Atbara sub basin and the Blue Nile sub basin. The plateau is
shown in figure 2-6 below.

Figure 2-6

Figure showing the Ethiopian Plateau
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The Sobat river sub basin
The Sobat River basin includes most of the plain east of the Bahr el Jebel and Bahr
el Zaraf and parts of Ethiopian highlands. Due to the large size of the basin area and
the diversity in its topography, the annual rainfall varies about 650 mm near the mouth
of the Sobat, to about 2000 mm in the most elevated parts of the basin eastwards. The
Sobat river sub-basin has two main rivers, the Baro and the Pibor and has a total
catchment area of 36,800 km2. The Baro, which is the principal feeder of the Sobat,
is formed by a number of streams, which in some places flow through deep gorges in
their descent from the plateau and its river catchment drains an area of 41,4000 km2
with a peak elevation at 3300 m mainly in eastern highlands of Ethiopia. Machar
marshes are fed by some tributaries that flow from the Ethiopian highlands and from
the spills of Baro River during the flood season. A number of channels cross the
marshes and discharge directly into the White Nile River downstream of the Sobat
confluence. The rainfall in upper Baro catchment ranges from 1300-2370 mm occurring
in a single season between April and October. The Pibor draws the greater part of its
supply from the Ethiopian highlands and the rest from the northern slopes of the Lake
Plateau and from the Sudan plains. It drains the Southern Sudan highlands and has a
catchment area of 109,000 km2. The Pibor has an average annual rainfall of 950 mm
with the lower reaches receiving about 800 mm. Its slope is flat compared to the Baro
and has more chance of forming large swamps and evaporating the water thereof.
Below the confluence of Baro and Pibor rivers, Sobat river follows a winding course
that is 100-200 m wide through a seasonally waterlogged grass swamps. The Sobat
has a winding course and its surface width near the mouth varies from 100 m or less in
the low-flow period to more than 150 m in flood time, the depth of water is about 3.5 to
6.5 m
The Blue Nile sub basin
The Blue Nile has its headwaters in the mountains and highland areas of Ethiopia,
stretching north and west of Addis Ababa. The Blue Nile (also known as Abbai in
Ethiopia and the Al Bahr al-Azraq in Sudan) is 1529 km long. Its main water bodies are
Lake Tana in the Ethiopian Highlands and Ar Rusayris reservoir in Sudan. Its main
tributaries are Adabai, Didese, Dindar and Rahad rivers.
The Blue Nile and its tributaries rise from the Ethiopian Highlands concentrated mainly
at 2000-3000 meter above sea level with several peaks up to 4000 m. The highland
areas consist of a mosaic of hills, valleys and occasional rock peaks. The river has dug
deep into the ground with a valley depth of 1300 m in some places making it very
difficult to cross the river in most places. The Blue Nile River leaves the lake and flows
across a series of cataracts and a major fall – Tississat Falls where the water drops by
about 50 m.
The source of the Blue Nile is a small spring at a height of 2,900 m, 100 km south of
Lake Tana (maximum length of 78 km, width 67 km and depth 14 m). Lake Tana has a
catchment area of 13,750 km2 most of it at an elevation above 2400 m and a peak
elevation of about 4000 m. The lake has a surface area of 3000 km2 at an elevation of
1800 m., a maximum length of 78 km, a width 67 km and a maximum depth is 14 m.
The main rivers feeding the Lake are Gilgel Abbay.
Atbara river sub-basin
The Atbara River, which is the last tributary of the Nile, is a strongly seasonal river
which enters the Main Nile at about 320 km downstream Khartoum. It is 880 km long
and the greater part of its catchment is situated in Ethiopia and Eritrea. The Atbara
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river sub-basin drains the highlands in northern Ethiopia and Eritrea and the lowlands
in eastern Sudan. The highest points in the catchment reach more than 3,500 m,
whereas the eastern watershed of the Atbara is, for the most part, more than 2,500 m
high. Its catchment area is 68,800 km2 and its rainfall is uni-modal concentrated in
August and September. The main tributaries are Takazze and Bahr el Salaam. The
river relies totally on many small tributaries, of which Takazze is the principal one.
Above the Takazze junction, the Atbara receives a number of tributaries of which the
Bahr el Salaam is the principal. The Atbara is strongly seasonal in its flow. The big
elevation between the head and the junction of the Salaam River is responsible for the
excessive sediment load of the Atbara in proportion to its flow volume.

2.3.5 The Main Nile
The upstream sub-basins have been discussed and hence this section will focus on the
section between the confluence of the White and Blue Niles and the Aswan dam. The
section of the river has very little inflow due to its relatively smaller size and its low
rainfall. The main tributary is the Atbara River, also discussed above. The gradient of
the Nile is very variable (0.032 – 1 m km-1). The river has 16 principal rapids with a total
fall of 102 m over a length of 228 km. The first storage work in the Nile Valley, the old
Aswan Dam, was built in 1902, at the foot of the Aswan Cataract. It was heightened
twice, once in 1912 and the second time in 1934. This dam, together with the other
storage works on the Blue and White Niles, have changed the Nile from Aswan to the
sea into a partially regulated river instead of a naturally flowing one.

Figure 2-7

Map of the main Nile Area

The Nile river basin
The Nile river basin downstream of the Aswan High dam consists of the catchment
areas with the Mediterranean Sea as their pour point. The upstream sub-basins have
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been discussed and hence this section will focus on the section between the Aswan
dam and the outlet. The catchments above the Nile Delta and below Aswan Dam are
characterized by high aridity and high level of irrigation water use. The main water
sources is the outflow of the Aswan High Dam and seasonal streams (Wadi Natash,
Wadi Kashao, Wadi Gurara, Wadi Elmiya, Wadi Mutula, Wadi Qena, Wadi Sheitun,
Wadi el Asyut and Wadi el Tarfa) draining the Maaza plateau between the Nile and the
Red Sea. The Nile Delta catchments consists of the area, north of Cairo, where the
Main Nile River bifurcates into the Rosetta and Damietta branches before draining into
the Mediterranean Sea. The main water feature in the Nile Delta is the extensive
drainage network.

2.4

Climate

Because of the latitudinal extent (approximately 30 degrees latitude), the altitudinal
gradient, micro-relief and direction and moisture content of the air masses that move
across this massive territory, the basin has a high spatial and temporal variation of
rainfall as shown in table 2-3. Only 25% of the basin area, most of it in Burundi,
Rwanda, Tanzania, Kenya, Zaire, Uganda and Ethiopia, receives a mean annual
rainfall greater than 1000 mm. The other countries can be said to be water stressed
according to Falkenmarks stress index.
Table 2-3

Country
Burundi
Rwanda
Tanzania
Kenya
DR
Congo
Uganda
Ethiopia
Eritrea
Sudan
Egypt
Total

Annual rainfall in the Nile Basin (Source: FAO, 1997).

Area of the country
within the basin
(km2)
13,260
19,876
84,200
46,229
22,143

As % of total
area of basin

Average annual rainfall in the
basin area (mm)

(%)
0.4
0.6
2.7
1.5
0.7

min.
895
840
625
505
875

max.
1,570
1,935
1,630
1,790
1,915

Mean
1,110
1,105
1,015
1,260
1,245

231,366
365,117
24,921
1,978,506

7.4
11.7
0.8
63.6

395
205
240
0

2,060
2,010
665
1,610

1,140
1,125
520
500

326,751
3,112,369

10.5
100

0
0

120
2,060

15
615

The rainfall in the equatorial lakes region is well-distributed rainfall throughout the year
and is generally considered to be bi-modal with peaks in April and November. As you
move northwards, the rainfall regime changes to a uni-modal rainfall and the rainfall
amount decreases. Northern Egypt receives rains between October and March.
There is evidence of some climatic changes in the Nile Basin. Whereas the Nile basin
in Sudan and Egypt is hot and dry during the wet season, its southern parts and the
highlands of Ethiopia experience heavy rain (more than 1,500 mm during the wet
season). Most of the region falls under the influence of the northeast trade winds
between October and May, which causes the prevailing aridity of most of the basin.
Tropical climates with well-distributed rainfall are found in parts of the East African
lakes region and south-western Ethiopia. In the lake region, there is little variation
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throughout the year in the mean temperature, which ranges from 16º C to 27º C
depending on locality and altitude. In the Sudan plains, the minimum temperature
occurs in January and the maximum in May or June, when it rises to a daily average of
41ºC in Khartoum. The desert region experiences far higher temperatures ranging from
25-45ºC. Relative humidity, which varies similarly, is about 80% on average. Similar
climatic conditions prevail over the extreme southern parts of Sudan, which receive as
much as 1,270 mm of rain spread over a nine-month period (March to November), with
the maximum occurring in August. The humidity reaches its highest at the peak of the
rainy season and its lowest between January and March. Maximum temperatures are
recorded during the dry season (December to February), with the minimums occurring
in July and August.
To the north of the Nile basin, the rainy season gets shorter, and the amount of rainfall
decreases. The rainy season, which occurs in the south from April to October, is
confined to July and August in the northern part of the central Sudan, where three
seasons may be distinguished. The first of these is the pleasant, cool, dry winter, which
occurs from December to February; this is followed by hot and very dry weather from
March to June; and this is followed, in turn, by a hot rainy period from July to October.
The minimum temperature occurs in January and the maximum in May or June, when it
rises to a daily average of 41º C in Khartoum. Only about 250 mm of rainfall occurs
annually in the Al Gezira area. North of Khartoum less than 127 mm of rain falls
annually, an amount insufficient for permanent settlement. In June and July, the central
parts of Sudan are frequently visited by strong winds, which carry large quantities of
sand and dust.
The Nile River countries suffer from the effects of desertification, land degradation and
droughts. A desert-type climate exists over most of the remainder of the area north to
the Mediterranean. The principal characteristics of the northern Sudan and the desert
of Egypt are aridity, a dry atmosphere, and a considerable seasonal, as well as diurnal,
temperature range in Upper Egypt. Temperatures often exceed 38º C; in Aswan, for
example, the average daily maximum in June is 47º C. While no low temperatures are
recorded anywhere in Sudan or Egypt, winter temperatures decrease to the north.
Thus, only Egypt has what could be called a winter season, which occurs from
November to March, when the daily maximum temperature in Cairo is 20º to 24º C and
the night minimum is about 10º C.
The rainfall in Egypt is of Mediterranean origin and falls mostly in the winter, with the
amount decreasing toward the south. From 203 mm on the coast, it falls gradually to a
little over 3 mm in Cairo and to less than 3 mm in Upper Egypt. During the spring, from
March to June sandstorms or dust storms make the atmosphere becomes hazy.
The general pattern of rainfall over the basin shows high rainfall in the mountainous
areas in the south and east: typically about 2000 mm per year, and even more in
certain location. In the plateau areas of the southern lakes region, it is generally in the
range 1000-1500 mm. As one moves northwards through southern Sudan, rainfall
gradually declines, reaching about 200 mm per year at the junction of the Blue and
White Niles in Khartoum. North from there, desert conditions prevail, and rainfall drops
to practically zero in northern Sudan and most of Egypt. This marks a progression from
humid climates that can support rainforest, through a range of less humid and semiarid climates where the vegetation is a variety of types of savannah and grassland, to
arid climates in the north, supporting practically no vegetation. A summary of
information on mean annual rainfall amounts and mean annual potential evaporation is
provided in Table (2).
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Figure 2-8

Rainfall and Evaporation for selected towns in the Nile basin
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Average annual rainfall (Source FAO, 1995)

The pattern of evaporation rates is approximately the inverse of that found for rainfall.
Potential evaporation is relatively low in the mountains around the equatorial lakes and
in Ethiopia where rainfall is highest, but it gradually increases as one moves
northwards along the river. Low levels of humidity and long hours of sunshine in the
northern desert areas produce very high open water evaporation rates of up to 3000
mm per year.
Analysis of long-term climatic change has shown that there have been large-scale
variations in rainfall in the last five hundred years; the climate of the region cannot be
considered as stable over this time scale (Farmer and Wigley, 1985). Estimates of the
possible changes in temperature, rainfall, evaporation and runoff for the decade of the
2020s were compared to the standard period 1961-90 using global circulation
modelling (GCM) (Meigh et al., 1998). The results showed fairly uniform increases in
temperature of between 0.7 and 1.0°C across the who le basin. Changes in rainfall
were much more variable, generally increasing by between 0 and 19%, but with
decreases in a few areas, and evaporation also increased by a small amount. The
resulting changes expected in runoff were minor in most of the equatorial lakes basin,
but quite substantial increases of 30% or even more were predicted for some parts of
the Ethiopian highlands and southern Sudan. Conway and Hulme (1996) reported that
annual rainfall change would vary from -1.9% to +7.4% for the Blue Nile basin and from
-1.0% to +5.0% for the equatorial lakes basin whereas annual runoff would vary from 8.5% to +15.3% for the Blue Nile and -9.2% to +11.8% for the equatorial lakes.

2.5

Geology and soils

The Nile Basin contains a great range of geological conditions, as could be expected
from its huge area. Much geological mapping has been done, in some cases providing
a general description and classification, and in other cases concentrating on mineral
deposits or groundwater resources. The geological conditions are important to the
development of water resources because they determine the type of soils, which
overlie the rock, they strongly affect the rate of runoff and erosion, and they determine
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the conditions for groundwater storage and movement.
The Ethiopian basement units upon which all younger formations were deposited
contain the oldest rocks in the country, the Precambrian, with ages of over 600 million
years. These are exposed in areas where the younger cover rocks have been eroded
away; namely, in parts of Harerge, Sidamo, Bale, Ilubabor, Gojam, Welega, Gonder,
Tigray and Eritrea.
To complete a soils map of the whole Nile Basin will require bringing all the different
classification systems used by different countries to one well known international
system such as the FAO soil classification system or that of USDA.
Each area of a given soil capability class in Tanzania is represented on the map and is
described in terms of its limitations for agricultural use. The boundaries between the
different classes were taken from Baker's report on the natural resources of Tanzania.
2.6

Plant resources

As a result of it topographic, soil and climatic diversity, the Nile Basin supports a wide
range of natural vegetation and man-introduced plants. The spatial and temporal
dynamics of vegetation is influenced by rainfall amount and distribution, soil,
temperature and management. Biomass production varied between 200 and
500g/m2/yr during the wet season and 0-100g/m2/yr during the dry season.
Moorland (afro-Alpine) vegetation are found at altitudes exceeding 3,500 meter above
sea level Moorland vegetation mainly consist of grasses and moorland shrubs such as
Lobelia keniensis, Dendrosenecio brassica, Carex monostachya and Alchemilla
johnstonii (Beck et al, 1989).
In the mountain and highland areas, the favourable rainfall and soil conditions support
lush vegetation made up of a great variety of tropical trees and plants, including natural
and plantation forests, permanent crops such as banana, tea and coffee and annual
crops, mainly consisting of mixtures of cereals, pulses, roots and tubers and
horticultural crops. Forest and woodland vegetation (consisting of trees more than 7 m
tall with interlocking crowns) is highly diverse and is influenced by altitude, rainfall,
temperature, local relief and human interference. The main forest/woodland
vegetations are Ocotea, Croton sylvaticus/Premna, mixed Podocarpus latifolius,
Croton-Brachylaena-Calodendrum, Juniperus-Nuxia-Podocarpus falcatus, JuniperOlea, Bamboo and plantation forests (Beentje, 1990). The dominant species are:
Acacia mellifera, A. drepanolobium, A. nilotica, A. segal, A. tortilis, A. xanthophelea,
Olea africana, cedar spp, Podocarpus spp, Eucalyptus spp.
Bushlands/Shrubland consist of woody plants which often have multiple stems, most of
which grow to not more than 10 m. Crowns are often interlocking and canopy cover is
over 20% for bushland and less than 20% for shrubland. Trees are scattered but
conspicuous and their herbaceous understorey is usually sparse. The species
compositions is very site specific and includes Rhus natalensis, Lycium spp.,
Commiphora spp., Combretum spp., Tarconanthus spp., Balanites spp., Croton spp.,
and Lantana Camara. Some of these natural vegetations have been removed and the
areas converted into croplands where drought tolerant and drought escaping crops are
grown.
In grassland vegetation, grasses or sedges dominate these communities. Woody
plants are either lacking or are dwarfed and inconspicuous. Woody plants compose
less than 2% if the canopy cover. The dominant grass and forbs species are Themeda
triandra, Cenchrus ciliaris, Eragrostis spp., Pennisetum spp., Setaria spp., Indingofera
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spp., Abutilon spp. and Sesbania Sesban
Swamps vegetation is found in wetlands and the dominant species are Typha spp,
Cyperas spp. and Typha Latiforia. Others include tall bamboo-like grasses, reed mace
ambatch, or turor, water lettuce, a species of convolvulus, and water hyacinth. The
riverine and swamp vegetation is influenced mainly by the water availability and the silt
deposition which provides the plant nutrients needed to support lush vegetation.
As the rainfall decreases further North the vegetation thins out, so that the catchment
areas in Northern Sudan and Egypt is dotted with small thorny shrubs, mostly acacias.
In desert areas, with scanty and irregular rainfall, is dotted with a few stunted shrubs. In
Egypt the vegetation near the Nile is almost entirely the result of irrigation and
cultivation.
2.7

Fauna

The Nile Basin holds a variety of large fauna and avifauna. The forest ecosystems
support a wide variety of wildlife, birds and reptiles. The semi-arid savannahs support a
wide variety of herbivores (livestock, antelopes, buffaloes, giraffes, etc) and reptiles
(such as the Nile soft-shelled turtle, monitor lizard and many species of snakes).
Wetlands and associated water bodies are home to a large variety of fish which include
the Nile perch, the bolti (a species of Tilapia), the barbel, several species of catfish, the
elephant-snout fish, the tiger fish, water leopard, sardinelike Haplochromis, the lungfish,
mud-fish and eels. The hippopotamus and crocodiles are also common throughout the
Nile system.

2.8

Socio-economic setting

This section presents socio-economic attributes and poverty profiles and sets the stage
for identifying factors affecting agricultural productivity, livelihood security, and poverty
in the Nile Basin. These profiles are constructed using demographic attributes
(population characteristics, population growth and future population trends), human
resource endowments (agricultural labour force, health, education and literacy, and
other social indicator) and macro-economic attributes (GDP, growth rates, agriculture
sector value added, employment, income inequality, and poverty rates). The data
below are not necessarily representative of the geographic areas falling within the
Basin, rather of the countries within the Basin unless otherwise stated. These profiles
show a wide level of variability in socio-economic development among the riparian
countries in the Nile Basin.

2.8.1 Demographic attributes
Among the demographic characteristics, the size of the population, its growth rate,
density, and rural/urban distribution has strong bearing on basin-wide productivity and
livelihood security outcomes. Table 2-4 presents demographic characteristics of
countries in the Basin. It is readily clear that the countries with largest population are
Egypt and Ethiopia (around 65 million each), while Burundi (7 million) and Eritrea (4
millions) has the lowest population. The countries, in general, have fastest growing
population in the world, although population growth rates vary considerably. In terms of
population growth rates, three categories are obvious: Congo, Eritrea, and Uganda with
rate between 2.5 to 2.75 %; Ethiopia, Sudan, and Tanzania with rate exceeding 2
percent but below 2.5%; and Egypt, Kenya, and Rwandan with rate below 2% per
annum. Rural population growth rates are consistently lower than national, vis-à-vis,
urban, with the only exception of Rwanda, which points to population explosion in the
urban areas.
Population settlement in the Basin countries is largely rural: the country with lowest
percentage of rural population, Egypt, has about 60% of its population living in the rural
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areas, while Burundi, Eritrea, Ethiopia, Rwanda, and Uganda has 80 to 95% of their
population living in rural areas. The population density varies considerably, being
highest in Rwanda (352), Burundi (270), Uganda (116), and lowest in Congo (23) and
Sudan (13), while it ranges between 50 to 65 for all other countries. In addition, the
basin has an enormous refugee problem, which differently affects population density
and pressure on natural resources. For example, Congo, Ethiopia, Kenya, and
Tanzania are host to around quarter a million refugees each from other countries, while
half a million population of Burundi and Sudan is living away as refugees (UNHCR web
site, 2002).
The urban area and areas with high agricultural potential are among the settings
experiencing high population growth/influx whereas areas affected by drought and wars
are experiencing low or negative population growth/exodus. As a result there is a high
variability in population densities among the sub-basins.
In terms of age structure, Congo and Rwanda has youngest population, that is, largest
fraction falling in 0-14 years bracket (about 47%), while Sudan has the lowest (40 %).
For all other countries except Egypt and Kenya, 0-14 age group accounts for 45-50
percent of total population. However, the major fraction of population falls in working
ages (15-64 years), for all countries, being highest for Egypt (61%) and lowest for
Uganda and Rwanda (49%). A relatively lower fraction of population in growing ages,
and a higher fraction in working and retirement ages (65 and above) in Egypt points to
a relative slow down in population growth rate and ageing of the population. Overall,
high population growth rates and fast growing populations, in all countries, remain a
cause for concern in terms of food security, poverty alleviation, risk mitigation, disaster
recovery, and environmental sustainability.

Burundi
DR Congo
Egypt
Eritrea
Ethiopia
Kenya
Rwanda
Sudan
Tanzania
Uganda

6.94 7.48
52.35 58.36
65.18 69.91
4.20 4.62
65.82 71.89
30.74 32.94
7.93 9.24
31.70 34.84
34.45 37.22
22.79 25.29

1.90 270.17 688.59 90.74 1.58
2.72 23.09 ..
..
..
1.82 65.48 1298.20 57.27 1.77
2.49 41.61 668.58 80.88 2.09
2.28 65.82 543.20 84.13 1.94
1.96 54.00 501.27 65.71 0.72
1.89 352.27 887.18 93.72 2.01
2.09 13.34 122.37 63.01 0.53
2.10 38.99 570.70 66.77 0.76
2.63 115.62 376.79 85.48 2.17

46.00
47.57
34.69
45.11
45.95
42.88
47.34
40.06
45.13
49.03

51.38
49.78
61.00
52.15
51.12
54.11
48.97
56.81
52.27
49.09

Population ages 65 and
above

Population ages 15-64
(% of total)

Population ages 0-14 (%
of total)

Rural population growth
rate (annual %)

Population density
(people per sq km)

Estimated Population
2005
(million)
Population growth Rate
(annual %)

Total Population
(million)

Setting

Population (% Rural)

Demographic characteristics of the Nile Basin countries (2001)

Population density, Rural
2000 (people per sq km)

Table 2-4

2.60
2.64
4.18
2.61
2.83
2.68
3.11
3.50
2.37
1.91

Source WDI (2003);

The population structure of most countries in the basin is in the shape of a pyramid.
This has a wide base attributed to a high birth rate that narrows rapidly depending on
the death rate (that is, fewer people reach next age cohort). The population structure
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has a major implication in terms of the dependency ratio, labour availability and future
population growth.
Data from WDI (2003) show that with the only exception of Eritrea and Sudan,
population growth rates have declined in all countries in the basin, although there is no
let up in over all size of the population, and it continues to expand. It is estimated that
over the next 40 years, Congo, a country with highest population growth rate, will
experience largest swell in its population, as its population will triple (Table 2-6), while
Eritrea and Uganda will become around 2.5 times and Ethiopia would double. Even
the country with slowest growing population, Egypt, will experience a 2/3rd increase in
its population. These trends will thereby greatly increasing pressure on aquatic
ecosystem and other natural resources.
In the Basin countries, diseases such as tuberculosis, malaria, and diarrhoea are
common, while HIV/AIDS are a serious problem. For example, according to 1997
estimates, in five of the basin countries every eleventh person was HIV infected.
Further, the waterborne diseases such as malaria, diarrhoea and bilharzia
(schistosomiasis) can be easily transmitted to other/downstream communities, which
reinforce the need for bringing public health heavily on poverty reduction and livelihood
security agenda.

Change
2045 (%)

9.57
85.69
85.92
6.51
96.68
39.41
11.77
45.30
47.16
35.56

10.98
105.76
95.52
7.77
111.86
43.57
13.41
50.85
52.95
41.95

12.16
122.41
103.44
8.82
124.74
47.98
14.93
56.35
58.72
47.28

12.82
130.55
106.67
9.35
131.52
50.18
15.80
58.81
61.78
50.14

88.25 8.30
156.23 4.35
66.72 0.03
128.05 3.17
104.54 9.31
66.71 11.64
85.66 12.75
89.10 0.99
83.32 9.42
125.75 9.51

Tuberculosis
incidence, 1997
(per
100,000
people)*

Population 2045

8.13
66.53
75.63
5.19
79.80
35.32
10.03
38.63
40.52
28.54

Malaria cases,
1997
(per 100,000
people)*

Population 2040

6.81
50.95
63.98
4.10
64.30
30.10
8.51
31.10
33.70
22.21

Adult with
HIV/AIDS (%
aged 15-49)
1997*

Population 2030

2000-

Population 2020

Burundi
DR Congo
Egypt
Eritrea
Ethiopia
Kenya
Rwanda
Sudan
Tanzania
Uganda

Population 2010

Country

Population projections (million) and AIDS rates for the N B countries

Population 2000

Table 2-6

..
..
0
..
..
..
20310
5288
3602
..

61.0
98.3
21.7
243.6
97.4
139.9
79.3
41.8
147.4
133.4

Data source: WDI (2003), except * (HDR, 2000)

2.8.2 Population Trends
In the 1990s, the Nile Basin (NB) witnessed one of the highest population increments
among world's regions. Among the top 20 countries in the world in terms of population
increments in 1991, 6 were Nile riparian countries. The world's record in fertility rate
was preserved for Kenya - a Nile riparian with an average of 7.9 births per woman
increased its population five-folds between 1948 and 1990. NB population will reach
607 million by 2025 - more than double its 1992 population of 259 million. Yet, the
problem dwells not only in population increase but also a population concentration. The
latter takes place predominantly along the banks of the Nile and its tributaries (the
riverine zone), overwhelming this river's scarce water and wasting the water of the
population-sending regions (Hamid, 2003).
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Research findings (Hamid, 2003) show that in arid and environmentally degraded parts
of the NB large groups of population are moving from the non-riverine zones (NRZ) into
the riverine zone (RZ)/inside the Nile Basin. In the arid northern Sudan the population
in the irrigable areas in RZ of central Sudan increased from 38.1% of Sudan's total
population in 1983 to 43.7% in 2000, and in Ethiopia population inside the NB
increased from 37.6% in 1984 to 44.0% in 1994. If these increases maintain the shared
rivers' basins between these two countries will host 97 million in 2025 - more than
Egypt's population for that year. Urbanization in the above parts of Sudan and Ethiopia
is faster than in anywhere else in the two countries. Parts of the NRZ, once highly
populated, are witnessing relative depopulation (Hamid, 2003).
The population of Egypt exhibits trends shared by many other countries in the Third
World. The high rate of population growth, although it is by no means one of the
highest in the Third World (compared, for instance, to Nigeria) is nevertheless quite
high. The problem of a high rate of growth of the population is compounded in Egypt by
geographical factors rendering 95% of the land inhospitable and by a high rate of
urbanization. Both factors have contributed to a dramatic increase in population density
over the last fifty years. Moreover, despite a slight rise in the total cropped area from
10.79 million feddans in 1960 to 12.16 million in 1985; the rising population in rural
areas has led to a decrease in the cropped area per agricultural worker from 3.33
feddans in 1960 to 2.8 in 1985. The harvested area per caput of the whole population
is around 0.25 feddans (Dethier 1989, p. 4-5).1

2.8.3 Education and literacy
Education and literacy are key indicators of quality of human labour force. These can
be measured by considering net intake rates in grade one (percent of official schoolaged population) and gender specific illiteracy rates among youth (> 15 years) and
adult (15-24 years) population. Among the basin countries considered, both male and
female intake rates are higher in Egypt (around 88 and 85 percent, respectively)
Tanzania has lowest intake rate for either sex (Table ). Further, female intake rates
are lower than male, and this holds for all countries, except Congo, Kenya, and
Rwanda. Therefore, for the countries with low intake rates, and high youth illiteracy
rates, low human capital formation and capacity constraints may continue to pose
problems in the years ahead. The countries with highest adult male illiteracy rates are
Ethiopia (52 percent) and Burundi (43 percent), and the same holds for adult female
illiteracy rates. Overall, adult female illiteracy rates are higher than adult male illiteracy
rates, and this holds for all countries. Again, male youth illiteracy rates are highest in
Ethiopia followed by Eritrea and the same order holds for adult female illiteracy rates,
while Kenya has the lowest youth male and female illiteracy. With the only exception of
Kenya, youth female illiteracy rates are higher than youth male illiteracy rates. This
implies that females, in general, tend to be more illiterate than their male counter parts
in all countries. A gender focused education strategy is therefore highly desirable for
effectively engaging female into the socio-economic fabric and address gender
inequities.
Table 2-7 also reports the coefficient of education efficiency, which measures ideal
years taken to graduate as percentage of actual years. It shows that the internal
efficiency of the education system varies widely among the Basin countries, being
highest in Egypt (92 percent) and lowest in Rwanda (47 percent). [The coefficient of
efficiency for an education system is 100 percent if children progress through school
without repeating a grade or dropping out]. This indicator provides no information on

1

Source: FAO http://www.fao.org/ag/agl/swlwpnr/reports/y_nf/egypt/e_etnor.htm
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learning outcomes, and only indirectly reflects the quality of schooling. The numbers
show that Egyptian students progress more smoothly through their education system,
while those of Rwandan continue to perform poorest of all (below half than ideal
performance).
Table 2-7

Education and literacy in the Nile Basin countries

Country

Education
Net intake rate in
Adult illiteracy rate
Youth illiteracy rate
efficiency
grade 1 (%) 1994(%) >15 yrs, 2001
(%) 15-24 yrs, 2001
coefficient
99
(%)*
All
Male
Female
Male
Female
Male
Female
Burundi
69.3
32.20
27.88
43.06
58.00
33.46
36.42
DR Congo
58.3
20.79
22.72
25.84
48.16
10.94
23.65
Egypt
91.7
87.58
85.36
32.81
55.16
23.12
36.30
Eritrea
66.5
27.87
24.49
31.84
54.41
19.20
38.53
Ethiopia
74.8
27.32
23.97
51.87
67.59
37.92
49.76
Kenya
..
30.24
31.19
10.54
22.73
3.76
5.33
Rwanda
46.9
63.15
66.55
25.53
38.14
14.23
17.38
Sudan
68.4
29.54
26.39
29.96
52.30
16.64
27.11
Tanzania
85.5
12.32
14.37
15.48
32.11
6.50
11.36
Uganda
..
32.20
27.88
21.88
41.95
14.13
26.97
Data source: WDI (2001; 2003); *=Does not include children in private institutions.

2.8.4 Social development indicators
Additional social development indicators for the Basin countries are reported in table 28, which depict further disparities in development and quality of human life. For
example, net primary enrolment remain hovering around 50% in Burundi, Congo,
Eritrea, Ethiopia, Sudan, and Tanzania, and Egypt and Rwanda are the only countries
where it exceeds 90 %. Likewise, access to safe drinking water is lowest in rural
Ethiopia (only 12 %), and is far from being universal in the rural areas in any of the
basin countries. In general, access to safe drinking water is lower in rural areas than in
urban areas, and this holds for all countries, while Egypt has the highest coverage
rates in the region for both rural (67 %) and urban (99 %) areas, which points to large
infrastructure and access gaps, particularly in rural settings, in the basin countries.
Also, Egypt has lowest infant and under five mortality rates, while Ethiopia has the
highest. Healthcare spending varies considerably too: the only countries spending over
2 % of their GDP on public healthcare are Eritrea, Rwanda, and Tanzania, while Congo
and Sudan spend in the vicinity of 1% only. Further discussion of remaining social
welfare indicators is omitted here, as their impact is weighted up, largely, in composite
indices such as Human Development Index, Human Poverty Index, and Gender
Development Index, discussed later.

28

Public expenditure on health
(% of GDP) 2000

Births attended by skilled
health staff (% of total)*

Mortality rate
(per 1000 live births) 2001

Life expectancy at birth
(years) 2001

Selected social indicators for the Nile Basin countries

Access to improved
water source (%) 2000

Net primary enrolment
rate (%) 2000

Country

Adult illiteracy rate (%
of ages 15 and above) 2001

Table 2-8
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Burundi
DR
Congo
Egypt
Eritrea
Ethiopia
Kenya
Rwanda
Sudan
Tanzania
Uganda

All

Urban

Rural

Male

Female

Infant
114.00

Under
5
190.00

50.82

53.72

91.00

77.00

41.40

42.28

24.90

1.65

37.25
43.88
43.30
59.69
16.66
31.96
41.19
23.95
32.03

32.63
92.72
40.98
46.73
68.51
97.30
46.28
46.70
..

89.00
99.00
63.00
81.00
88.00
60.00
86.00
90.00
80.00

26.00
96.00
42.00
12.00
42.00
40.00
69.00
57.00
47.00

44.83
66.78
49.82
41.33
45.90
39.43
56.50
43.20
42.50

46.17
69.98
52.26
43.13
46.63
40.37
59.40
44.27
43.13

129.00
35.00
72.00
116.00
78.00
96.00
65.00
104.00
79.00

205.00
41.00
111.00
172.00
122.00
183.00
107.00
165.00
124.00

69.70
60.90
20.60
9.70
44.30
30.80
86.00
35.80
38.00

1.11
1.75
2.82
1.81
1.84
2.67
1.00
2.77
1.48

Data source: WDI (2003); WDR (2003); *=latest year available

2.8.5 Marco-economic attributes
The Nile Basin countries exhibit considerable variability in terms of their macroeconomic performance table 2-9 despite their geographic proximity and near
dependence on agriculture and industry. For example, Egypt has highest GDP per
capita ($1229), while next richest, Kenya, Rwanda, Sudan, range between $250 to
$350. All remaining countries have a GDP of less than $200 per capita. During 2001,
Congo and Kenya registered negative per capita GDP growth rate. Per capita GDP
growth rates exhibit unpredictable patterns, due to large population displacements, as
hinted at earlier. Over all, per capita GDP growth rates are lower in all countries than
GDP growth rates, which are picking up the effect of fast growing population in all
countries, the difference being widest in case of Eritrea with fastest growing population.
Countries and settings within the Basin also exhibit considerable variability in terms of
their livelihood sources, though dominant sectors of employment/income remain the
same for all countries. For example, agriculture sector contributes over 50% of the
value added to GDP in Burundi, Congo, and Ethiopia and in the vicinity of 40 % in
Rwanda, Sudan, Tanzania, and Uganda, and slightly below 20 % only in the remaining
three countries. In terms of value added per worker, agriculture sector has lowest
contribution in Eritrea ($80), followed by Ethiopia ($150), Tanzania ($190), and
Rwanda ($259). As agriculture sector value added per worker is a measure of
agriculture sector productivity/efficiency, it implies that agriculture sector in these
countries is least efficient, which points to capacity constrains, underemployment, low
productivity, market distortions, and poor infrastructure in these overwhelmingly
drought-prone and water scarce countries. Notice that only a small proportion of
irrigation potential is utilized in most countries - Sudan and Egypt (70%); Rwanda
(33%); Eritrea (10%); and all other countries below 5%. Mostly, rainfed agriculture is
practiced, which remains characterized by low land productivity and high yield
variability. As noted earlier, agriculture sector is very important to the economies of the
Nile Basin countries, as it contributes 17-56 of the GDP and employs 30-92 % of the
labour force. And much of the agriculture is not commercially oriented and is
characterized by small landholdings, low inputs use, and low crop yields. Agricultural
support services including input supply, credit, agro-processing, and marketing
channels are poorly developed, which along with other multiple market failures,
discounts returns to agriculture (value added per worker).
As noted earlier, the Basin countries are overwhelmingly rural: agriculture is the major
sector of employment, while industry and services follow next in the declining order of
their importance, with the only exception of Kenya where industry accounts for 62% of
total employment. For the remaining countries, therefore, employment and income
opportunities outside traditional agriculture, say in industry and services sector, and
agribusinesses have to expand much faster to help absorb growing workforce.
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Agricultur
e

Services

Industry

% of GNI

% of
gross
capital
formation

1.10
6.72
6.88
5.69
4.63

Agriculture value added
growth (annual %)

325.11
253.03
328.42
196.93
354.82

Agriculture value added
per worker (constant
1995 US$)

Kenya
Rwanda
Sudan
Tanzania
Uganda

Agriculture value added
(% of GDP)

85.13
1228.90
156.08
120.53

3.20
4.52
2.90
9.71
7.72

140.75

GDP per capita growth
(annual %)

Burundi
DR
Congo
Egypt
Eritrea
Ethiopia

Per capita GDP
(constant 1995 $US)
2001

GDP growth (annual %)

Country

Aid
dependency
ratio

Macroeconomic indicators in the Nile Basin countries (2001)
Employmen
t in sector
(% of total
employment
)*

Table 2-9

1.25
7.09
1.00
6.95
5.24
1.02
4.48
4.86
3.38
1.97

50.03

152.41

3.82

14.8

21.80

58.90

19.27

274.26

56.29
16.79
18.75
52.33

204.16
1405.40
80.24
150.25

-5.41
9.00
35.74
11.48

67.8
29.8
80.5
88.6

13.40
22.30
5.00
2.00

18.80
47.90
14.50
9.50

5.26
1.26
40.84
17.49

95.09
8.24
115.20
96.03

18.97
40.46
38.87
44.80
36.35

211.88
258.59

1.23
8.32

18.5
91.7
69.5
84.2
89.6

19.50
3.40
8.50
4.10
6.30

61.90
4.90
22.10
11.70
4.10

4.02
17.27
1.54
13.28
14.09

31.09
92.65
7.76
77.66
68.86

..

..
190.46
350.47

5.54
4.91

Data source: (WDI, 2003); WDR (2003); WDR (2004); *=latest year available during
1990s; years may not be same for various sectors, so figure may not add to 100.
The last column in table 2-9 shows aid dependency ratio, defined in terms of foreign
aid as a percentage of gross national income and gross capital formation. The number
shows that with the only exception of Egypt, at least for now, and Sudan, because of its
tainted support for anti-social elements, and social unrest, all other countries are
significantly dependent on foreign aid.

2.8.6 Poverty profiles: Human development and poverty indices
Following United Nations typology, Human Development Index (HDI), Human Poverty
Index (HPI), and Gender Development Index (GDI) can be used to construct relative
poverty profiles and discern gender differentials, if any, for the Basin countries. Of the
two poverty indices, the HDI is a combination of longevity (life expectancy), knowledge
(literacy and education) and standard of living (purchasing power and cost of living),
where the lower the figure, the worse is the state of human development in a country.
The HPI converts this into a poverty index, which becomes a measure of economic
development and human welfare. The HPI is a measure of human deprivation defined
in terms of survival (percent dying less than 40 years), knowledge (illiterate adult
percent) and economic provisioning (health, sanitation, infant mortality). Therefore,
both HDI and HPI are composite indices and the underlying conception of poverty is
that of multiple human deprivations.
The GDI measures women’s achievement using the same indicators as the HDI. The
divergence between the HDI and GDI for each setting measures the relative status of
women’s opportunities. The closer the values of the HDI and GDI, the greater the
degree of gender equality.
In terms of Human Development Index, the only two countries included in the ‘medium
human development’ category are Egypt (12 from the top) and Kenya (2nd from the
bottom), while all other countries fall into ‘low human development’ category and they
take top 10 positions, but from the bottom. This implies that, the Nile basin countries
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are poorest of the poor in the world, save Egypt and Kenya. For HPI and GDI, same
groupings and relative sub-group rankings hold (Table 2-10). For all countries, the GDI
is consistently lower than HDI, with the divergence being highest in Ethiopia, followed
by Eritrea and Sudan, but lowest in Uganda and Kenya. This implies that gender
disparities do exist in all countries, and remain widely pervasive except the latter two.
Table 2-10

Country
Burundi
DR Congo
Egypt
Eritrea
Ethiopia
Kenya
Rwanda
Sudan
Tanzania
Uganda

HDI

Human development indicators in the Nile Basin countries (1998)

HDI rank

42.7
51.2
66.7
51.1
43.4
51.3
40.6
55.4
47.9
40.7

170
152
119
159
171
138
164
143
156
158

HPI (%)

HPI rank

..
..
32.3
..
55.3
29.5
37.5
35.5
29.2
39.7

..
..
55
..
83
51
61
60
50
67

GDI, 1998
..
0.418
0.604
0.394
0.297
0.503
0.377
0.453
0.410
0.401

GDI
rank
..
125
99
131
141
112
135
118
127
130

Data source: HDR (2000).

The UNDP’s estimates presented above embody both income and non-income
dimensions of poverty. Contemporary estimates, but covering income-poverty only,
have been developed by other international development agencies. For example, the
World Bank has used national and international poverty lines to measure poverty rates
globally. National estimates are based on population-weighted sub-group estimates
from household surveys. Two alternative specifications of international poverty line
used are dollar-a-day poverty line and two-dollar-a-day poverty line. For either of the
poverty line, population below $1 a day and $2 a day (or poverty rate) is the
percentage of the population living on less than $1.08 a day and $2.15 a day at 1993
international prices (equivalent to $1 and $2 in 1985 prices adjusted for purchasing
power parity-PPP). Therefore, these poverty rates are comparable across countries.
Poverty gap at $1/$2 PPP a day measures the mean income shortfall of the population
below the poverty line (counting the non-poor as having zero short-fall).
The World Bank’s poverty estimates, for alternative definitions of poverty lines, for
various countries in the Nile basin are given in Table 2-11. Unfortunately, data for the
same years are not available to allow more robust comparisons. The numbers show
that Uganda is the poorest country with 55% of its population living below the national
poverty line, while Eritrea (53%) and Rwanda (51%) follow next in the order. Egypt has
lowest rural/rural poverty incidence (23%). Where estimates are available, rural poverty
incidence exceed urban poverty incidence. Using a sub-sample of data collected by
Egypt Integrated Household Survey, Haddad and Ahmed (2003) unearth evidence that
the nature of poverty in Egypt is predominantly chronic: over two thirds of the overall
poverty is chronic, and almost half of all poor are always poor. The situation regarding
pervasiveness of chronic poverty is likely to be worse in other Nile basin countries.
In terms of population below international poverty lines, again Uganda and Rwanda are
the poorest, while no estimate is available for Eritrea. Egypt has lowest $1 a day
poverty incidence (3%) and the mean income shortfall is as low as half a percentage
point. For $2 a day, poverty rates are understandably higher, although almost similar
rankings hold.
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Table 2-11

Country

Burundi
DR
Congo
Egypt
Eritrea
Ethiopia
Kenya
Rwanda
Sudan
Tanzania
Uganda**
*

Poverty and income distribution in the Nile Basin countries (2004)

Rural
popula
tion
below
nation
al
povert
y line
(%)
36.2*
..

Urban
populati
on
below
national
poverty
line (%)

Populat
ion
below
$1 a
day (%)

Pover
ty gap
at $1
a day
(%)

Populati
on
below
$2 a day
(%)

Pover
ty gap
at $2
a day
(%)

Gini
Index
(%)

Incom
e
share
held
by
lowes
t 10%

Incom
e
share
held
by
highe
st
10%

36.2*
..

..
..

..
..

..
..

..
..

1.8
..

32.9
..

23.3
53.00*
45.00
46.4
51.2*

22.5
53.00*
37.00
29.3
51.2*

3.1
..
31.3
26.5
35.7

<0.5
..
8.0
9.0
7.7

52.7
..
76.4
62.3
84.6

13.9
..
32.9
27.5
36.7

4.4
..
3.0
2.4
4.2
8.2**

25.0
..
33.7
36.1
24.2
54.0**

49.7
55.0*

24.4
55.0*

19.9
36.7

4.8
11.4

59.7
77.2

23.0
35.8

42.5
41.9*
*
28.9
..
40.0
44.9
28.9
40.0*
*
38.2
37.4

2.8
3.0

30.1
29.8

Data source: WDR (2003); (WDI, 2003). *=National figure; **= Deininger and Squire (1997) database/WIID (2000); ***
Chen and Ravallion (GPMD, 2003). For Sudan, figures represent income share of bottom and top quintile (instead of
lowest and highest 10 percent);

Table 2-11also gives numbers on income inequality using various indices. Of these,
Gini index is a measure of income inequality, with value ranging between zero and one.
A zero value shows a perfectly equal distribution of income, while a value of one
implies perfect inequality. Higher the Gini value, higher is the degree of
income/consumption inequality. Income/consumption share held by highest/lowest 10
% is the share that accrues to respective sub-group of population indicated by deciles.
The numbers show that Kenya has highest income inequality, with a Gini value of 45 %,
followed by Burundi (43%), Congo (42 %), Ethiopia and Sudan (40 %), while Egypt has
lowest (29%). When income share of poorest/richest 10 % of households is used as an
indicator inequality, inequality rankings differ slightly. For example, Burundi, followed by
Kenya and Tanzania, has lowest share of income going to bottom 10 % of the
households. Overall, the number show highly inequitable distribution of
income/consumption, which calls for growth promoting redistributive policies as a frontend response mechanism for poverty alleviation and egalitarian distribution of income.
Gini coefficient is a useful indicator for mapping inequalities in resource distribution and
endowments. For example, Gini value per capita, or per adult equivalent income, can
serve as an indicator of equity impacts of resource allocation and use, while Gini
values for education (household head, mean and maximum years of schooling per
household), household and agricultural assets, access to water resources, head-tail
equity in irrigation water distribution, land ownership, institutional credit etc. may depict
inequality in actual access to resources and entitlements (see Hanjra, 2001 for a
spreadsheet based approach for Gini calculation). Gini index provides a convenient
summary measure of the degree of income/resource/entitlement inequality.
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2.9

Institutional setting

2.9.1 Governance and organizational setting
There are many organizations involved in the management of water resources. The
main organisational constraints include: human and financial capacity constraints;
inadequate capacity, budget, or will to implement policies decisions and enforce laws;
lack of clearly defined responsibilities, poor coordination and inadequate delegation
responsibility among national government agencies responsible for different sectors;
inadequate stakeholder participation; failure to effectively utilize available information in
decision-making processes; and corrupt practices which subvert the effective
implementation of policies and programmes.
Many failures in water management projects at all levels are generally blamed on lack
of adequate information and knowledge. Decisions are made on the basin of limited
quantitative information and past experiences. Also in the absence of adequate
information, stakeholder participation is constrained. Although many initiatives have
contributed in building up data, information and knowledge bases, the use is
constrained by access, comprehensiveness, perceived quality and utility and by tools
to translate data into information and information into knowledge. The main information
failures include: inadequate scientific understanding and uncertainty and related data;
inadequate economic analysis and related data; inadequate or unreliable data collected
through routine national data programmes; inadequate knowledge of technological and
technical response options; ineffective data interpretation and inappropriate expert
advice and technology; inadequate access to scientific information; and poor public
education and awareness of intervention options and associated impacts.
River basin management and planning consists mainly of initiatives to identify the best
possible utilization of the available water resources by addressing soil, land,
agricultural, engineering, economic, legal and social constraints. However, due to the
complexity of the system, the multitude of water resources development options which
often exists and due to competition among uses and users, optimally solutions are
rarely achieved.
River basin organizations provide ideal organizational framework for addressing river
basin issues. However, many river basin organizations are constrained by the
organizational problems identified above.
Transboundary water management issues are best addressed through and intergovernmental framework for addressing the emerging issues. The Nile countries have
established such a framework (the Nile Basin Initiative) which is expected to be
instrumental in avoiding, mitigating or resolving conflicts among these nations. Since
the Nile Basin Initiative is relying heavily on the national organizations which are
currently experiencing major constraints there is need for accelerated capacity building
programmes.

2.9.2 Policy framework
Policy framework is characterized by poor policies and/or inability to translate policy
statements to action. Of particular concern are property rights policies and other
policies that provide incentives for efficient water use, which are so critical in promoting
individual investments in resource conservation.
Policy reforms have affected the economies of most of the countries and hence
reduced the level of economic development and investments in water management.
Public involvement in policy formulation, particularly in water policy has been limited.
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Most water stakeholders are not aware of the water policies and how they affect them.
Most countries lack policies that promote water conservation at the user level.

2.9.3 Regulatory framework
There is inadequate legislative framework for supporting good, fair and equitable water
management in most countries. Many water laws are violated leading to high levels of
illegal water abstractions and water pollution.
Unethical practices such as corruption have a major effect on the cost of water
development infrastructure, returns on water development, and level of compliance.
The potential for self-regulation, raising awareness of legislation and partnerships
between central and local level in enforcement of water laws has not been fully
exploited.
Water laws are in most cases perceived to favour individuals, communities and
countries that already have water rights as there is limited effort devoted to reallocation of water. However in the future, this may become a major issue particularly in
sectoral water reallocation and re-negotiation of existing water treaties.
Egypt and Sudan, however, are the only signatories to the Nile Waters Agreement
while the other riparian countries remain outside the treaty and do not necessarily feel
obliged to either recognize or abide by its provisions.

2.10

Land resources management

Land use data is presented in Table 2-12. The available land use data are inconsistent
because, different countries use different classification systems and hence detailed
comparison of absolute numbers across countries could be misleading. The amount of
arable or cropland varies enormously from only 3% in Egypt and 4% in D.R. Congo to
47% in Burundi and Rwanda. Pasturelands vary from zero in Egypt to around 30% in
Burundi and Rwanda. Amounts of forest and woodland are very variable: in all cases it
is less than 25% (usually much less), with the exception of D.R. Congo, which stands
out at 75% (forestry plantation included). There is an intense human usage of the land
in the more humid southern parts of the basin, while in the north large areas of dry
savannah and desert cultivation is confined to relatively small-irrigated areas. Primary
crops are cereals plus fodder and cotton in the northern part of the basin, while in the
south they are more varied, with cereals, legumes, tubers, bananas and coffee all
being important.
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Table 2-12

Land use by country

Country
Burundi

Land use (% of total area)
Agriculture on hills (47), Pasture and humid savanna (33.7), Lakes (7.8),
Forest and woodland (5.2), Marshes (irrigated and not) (4.0), Urban (2.3)
Congo
Forest and woodland (50), Forestry plantation (25), Towns, roads and other
(D.R)
(12), Cultivation (4), National parks (4), Grassland (2)
Egypt
Desert and semi-desert (95.3), Agricultural – irrigated (3.0), Agriculturalbeing or to be reclaimed (0.8), Agricultural-rainfed (0.2), Urban and
industrial (0.5), Inland waters (0.3)
Ethiopia Permanent pasture (27.3), Forest and woodland (13.2), Cropland (11.8),
Other (47.7)
Kenya
Barren (12.7), Forest/Park (11.1), Agricultural (7.9), Waters (1.9), Swamp
(1.1) Township/ Urban (0.8),Other (64.5)
Rwanda Cropland (47), Permanent pasture (28), Other (25)
Sudan
Semi-desert (38), Desert (30), Forest & Woodland (24), Cultivated- rainfed
(7), Cultivated- irrigated (1), Urban (0.1)
Tanzania Cultivation (40, of which 0.5 % is irrigated), Dry savanna (26), Humid
savanna (20), Forest (14) Note: data apply to the Lake Victoria basin only
Uganda
Pastoral/ Arable (47.7), Cultivated (20.5), Water (15.0), Forest (6.3), Game
reserve (6.2), Swamps (3.1), Mountainous (1.2)

2.11

Water resources management

2.11.1 Surface water resources
Among the major river basins of the World, the Nile Basin has the lowest discharge per
unit areas (Table 2-13). This is attributed to the fact that large catchments in Sudan
and Egypt have no effective rainfall. Almost all the water of the Nile is generated in the
mountain and highland catchments in Eritrea, Ethiopia, Kenya, Tanzania, Burundi,
Rwanda, DR Congo and Uganda, an area covering only 20% of the basin, which
receives at least 1200 mm of rainfall per year.
Table 2-13

River

Length (Km)

Nile
Amazon
Congo
Mekong
Niger
Mississipi
Danube
Rhine
Zambezi

6,850
6,700
4,700
4,200
4,100
970
2,900
1,320
2,700

Characteristics of major river basins

Drainage Area Annual
Discharge/unit
(103 Km2)
Discharge (109 area
(103
m3)
m3/Km2)
3,110
84
28
7,050
5,518
728
3,820
1,248
326
795
470
590
2,274
177
78
3,270
562
170
816
206
252
224
70
312
1,200
223
185
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Figure 2-10

Rainfall distribution in the basin, Source: FAO, 1996.

The discharge data on 15 river gauging station along the Nile River transect shows that
there is a high variability between the minimum and maximum discharge particularly for
Blue Nile and Atbara rivers with their main catchments in Ethiopian and Eritrean
highlands and the discharges into the Aswan High Dam (see figure 2-10). The three
major tributaries of the Nile which emanate from the Ethiopian Highlands, the Sobat,
the Blue Nile and the Atbara are highly seasonal rivers with a ratio of peak flow to low
flow of about 40:1.
Although the Kagera catchment has a high water yield, most of its water is lost to
evaporation in Lakes, swamps and other transmission losses. River discharges at
various river gauging stations show that the mean inter station discharge varies from
952 to -1,509 m3/s with the Ethiopian highlands being the main sources of additional
water and most of the water being used downstream of Aswan Dam
River flow regimes
The monthly flows of the Nile River at different river gauging station are presented in
figure 2-10. The White Nile up to Paara RGS has a fairly even flow from month to
month mainly due to the rainfall distribution in the catchment area and the storage
effect of the lakes and swamps in the catchment. Rainfall in southern Sudan and
Ethiopia highlands is uni-modal beginning in May and tailing of in September. As such
the streams flowing from these catchments usually begins to rise in May, reaches its
maximum level in August/September, and decreases thereafter, having a low level
from January to May. Due to the concentration of the rainfall over a shorter period in
the Ethiopian catchments, the Blue Nile and Atbara rivers are the main source of flood
water. The fact that the travel distance is shorter than that of the White Nile and there is
not as high an evaporation surface created by wetlands, the Ethiopian Plateau
contributes as much as 80 percent of the Nile's total water supply. However during the
dry season in the Ethiopian Highlands (October-March), when the river's water level is
low, the White Nile becomes the most important source. Figure 2-11 shows the relative
flows of the Nile River on a daily basis.
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Figure 2-11

Monthly flow of the Nile.

The Nile basin is used to illustrate the variability in surface water availability. The
discharge data on 15 river gauging station of the main tributaries and river reaches of
the Nile River transect shows that there is a high variability between the minimum and
maximum discharge particularly for Blue Nile and Atbara rivers with their main
catchments in Ethiopian and Eritrean highlands and the discharges into the Aswan
High Dam (see table 2-13). The three major tributaries of the Nile, which emanate from
the Ethiopian Highlands, the Sobat, the Blue Nile and the Atbara, are highly seasonal
rivers with a ratio of peak flow to low flow of about 40:1. Although the Kagera
catchment has a high water yield, it is a relatively small catchment and most of its
water is lost to evaporation in lakes and swamps. River discharges at various river
gauging stations show that the mean inter station discharge varies from 952 to 1,509
m3/s with the Ethiopian highlands being the main sources of additional water and most
of the water being used downstream of Aswan Dam.
Egypt is the most downstream country and basically depends on the Nile River for its
water. The climate is arid and annual rainfall does not exceed a maximum of 200mm
on the northern coast. Egypt's agriculture is possible only with irrigation. On its course
through Egypt, the Nile River is entirely regulated by the Aswan High Dam (HAD),
completed in 1970, which confines the HAD reservoir with a water level of almost 180
meters and a capacity of 170 billionm3. The average Nile flow entering Egypt at Aswan
during the period from1900 to 1990 is estimated to be 84 km3 per year. This figure is
based on the 1959 Nile Waters Agreement between Egypt and Sudan, which allocates
55.5km3 to Egypt, 18.5km3 to Sudan and 10km3 to losses (mainly evaporation)
annually. Although there were many doubts about the dam's benefits expressed
publicly at the start of construction, building the HAD has brought immense socioeconomic benefits to Egypt. Since the completion of the HAD, Egypt has advanced
enormously in efficient water use and crop intensity has increased by more than 200%.
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River
Name:
Nyabarong
o
Kagera
Victoria Nile
Victoria Nile
Bahr
el
Jebel
White Nile
White Nile
Blue Nile
Blue Nile
Atbara
Nile
Nile
Nile

Station
Name

Catchment
2
Area (km )

Mean
Discharg
3
e m /s

Minimum
Discharg
3
e m /s

Maximum
Discharg
3
e m /s

Water
yield
(*1000
m3/yr/km2
)

Kanzenze
Rusumo
Owen Dam
Paara

14,600
30,200
269,000
340,000

109
224
1,176
946

29
117
578
390

278
536
1,579
1,927

235.4
233.9
137.8
87.7

115
952
-230
104

Mongalla
Malakal
Mogren
Roseires
Dam
Khartoum
Kilo 3
Dongola
Aswan Dam
el Ekhsase

450,000
1,080,000
1,588,194

1,050
939
897

318
331
300

2,744
2,396
1,377

73.5
27.4
17.8

-112
-41
1548

210,000
325,000
69,000
2,694,000
2,777,801
2,900,000

1,548
1,513
359
2,622
2,760
1,251

48
9
0
328
393
735

9,408
8,834
4,928
12,229
12,345
1,877

232.4
146.8
164.1
30.7
31.3
13.6

-36
359
-147
138
-1509

Figure 2-11

River discharge and inter station contribution Source: GRDC data
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Table 2-14

River
Name:

Station
Name

River catchment area and discharges, Source: GRDC data

Catchment
2
Area (km )

Mean
Discharge
3
m /s

Minimum
Discharge
3
m /s

Maximum
Discharge
3
m /s

Water yield
( *100
m3/yr/km2)

Nyabarongo

Kanzenze

14,600

109

29

278

2,354.4

Kagera

Rusumo

30,200

224

117

536

2,339.1

Victoria Nile

Owen Dam

269,000

1,176

578

1,579

1,378.7

Victoria Nile
Bahr el
Jebel

Paara

340,000

946

390

1,927

877.4

Mongalla

450,000

1,050

318

2,744

735.8

White Nile

Malakal

1,080,000

939

331

2,396

274.2

White Nile

1,588,194

897

300

1,377

178.1

Blue Nile

Mogren
Roseires
Dam

Blue Nile

Khartoum

Atbara

Kilo 3

Nile

Dongola

2,694,000

2,622

328

12,229

306.9

Nile

Aswan Dam

2,777,801

2,760

393

12,345

313.3

Nile

el Ekhsase

2,900,000

1,251

735

1,877

136.0

210,000

1,548

48

9,408

2,324.7

325,000

1,513

9

8,834

1,468.1

69,000

359

0

4,928

1,640.8
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Figure 2-12

River discharge and inter station contribution

The monthly flows of the tributaries of the Nile River at different river gauging station
are presented in figure 2-10, 2-11 and 2-12. The White Nile up to Paara RGS has a
fairly even flow from month to month mainly due to the rainfall distribution in the
catchment area and the storage effect of the lakes and swamps in the catchment (see
figure 2-10). Rainfall in southern Sudan and Ethiopia highlands is generally, uni-modal
beginning in May and tailing of in September. As such the streams flowing from these
catchments usually begins to rise in May, reaches their maximum level in
August/September, and decreases rapidly thereafter to fairly low levels from January to
May (see figures 2-10 and 2-11. Due to the concentration of the rainfall over a shorter
period in the Ethiopian catchments, the Blue Nile and Atbara rivers are the main source
of floodwater. The Ethiopian Plateau contributes as much as 80% of the Nile's total
water supply. However during the dry season in the Ethiopian Highlands (OctoberMarch) the White Nile becomes the most important source for the lower Nile Basin.
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Monthly flows in the Equatorial lakes region
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Monthly flows in Northern Sudan
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M ean Q at el Ekhsase RGS on Nile River - Egypt

Monthly flows - Northern Sudan and Egypt

The Nile obtains its flows from three sources: a) the basin of the Equatorial Lakes
plateau, b) the Ethiopian highland plateau, and c) the Bahr el Ghazal Basin. Almost
85% of the annual natural flow that reaches Aswan, Egypt, originates from the
precipitation on the Ethiopian Highlands and reaches the main Nile through Sobat
River, the Blue Nile and the Atbara. The remaining 15% arrive from the Equatorial
Lakes through the White Nile. The contribution of Bahr el Ghazal is almost negligible.
The discharge at Aswan Dam, located 4975 km from the source and 989 km from the
basin outlet and with a catchment area of 3,588,931??? km2 is Mean Discharge: 2760
m3/s; Minimum Discharge: 393 m3/s; and Maximum Discharge: 12345 m3/s. The
mean runoff is 24 mm/yr.
The Nile brings practically no water to the Mediterranean. Presently, only 0.4 km3 are
released annually to the sea. The rest of its waters are being evaporated either from
natural ecosystems or, increasingly, from irrigated areas. Therefore, water use can be
increased only through improved efficiency and cutting evaporation losses (Asheesh,
2002 as cited by Nabil, 2003).
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Table 2-15
Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Flow into Aswan Dam

MeanQm3/s
1459.1
1255.4
1046.3
931.6
979.9
1190.9
2048.2
6428.7
7707.4
5315.0
2877.6
1877.9

MinQm3/s
563.0
471.0
466.0
393.0
395.0
455.0
854.0
2105.0
1496.0
1377.0
1022.0
746.0

MaxQm3/s
2874.0
2401.0
2135.0
2083.0
2113.0
2554.0
3957.0
10864.0
12345.0
10229.0
5709.0
4106.0

Source : GRDC data- www.grdc.sr.unh.edu
2.11.2 Groundwater resources
Much of the region is characterized by crystalline basement rocks, which are low
yielding and have erratic recharge. The aquifers are highly variable and often limited in
extent. A variety of localized, better yielding aquifers also occur, but do not provide
major sources of water. In the north of the basin, the main aquifers are the Nile Valley
system and the Nubian sandstone. The Nile Valley system is mainly replenished from
irrigation water losses, so it cannot be considered as a resource that is separate from
Nile river flows. The Nubian sandstone, which covers a large area in Egypt, Sudan,
Chad and Libya, has a large storage, but the water is of fossil origin, so it is not a
renewable resource.
Overall, renewable groundwater resources are small in comparison to surface water,
and of much lower importance. In the south of the basin, renewable groundwater
resources are limited. There may also be groundwater resources, which have not yet
been identified. In the north, except for the non-renewable resources, groundwater
availability is extremely low. However, in many rural areas, especially in the semi-arid
zone, groundwater from boreholes or shallow wells is the only reliable source of supply.
Thus, groundwater is particularly important for rural domestic supply and livestock
watering, and it is likely to continue to be so. The groundwater situation is summarized
below.
Burundi: There are numerous springs, the majority of which are suitable for
development and abstraction of potable water. Groundwater potential is low in less
than 20% of the area. However, complete data on groundwater potential are not
available.
Congo (D.R.): Aquifers are numerous; those most easily exploitable are found in
alluvium, but they are equally encountered in limestone and sandstone formations.
Depths are typically 40-60 m, but can be 80 m, or even 150 m. Due to a lack of
knowledge and insufficient data on aquifer characteristics, no evaluation of
groundwater resources can currently be carried out.
Egypt: The Nile system aquifer in the Nile Valley, Delta and desert fringes is mainly
replenished from irrigation water losses, so it cannot be considered as a separate
resource but rather as a storage and regulation reservoir. Present annual extraction
(reused) is 4,437 Mm3, with a planned increase to 7,541 Mm3. Other important
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aquifers are the very extensive Nubian Sandstone and the Moghra system: recharge to
these is minimal. There are also the Coastal, Karstified Carbonate, and Fissured and
Weathered Hard Rock aquifer systems, which are recharged from rainfall or upward
leakage from the Nubian Sandstone. Present annual extraction from these systems
(other than the Nile system) is 576 Mm3, with a planned increase to 3,806 Mm3.
Kenya: The geology of the Lake Victoria basin is mainly basement rocks, with low
groundwater Potential except where alluvial sediments exist. Groundwater availability
for the whole basin is estimated at 44 Mm3 /year, with average yields of 5 m3 /hour.
Some of the main quality parameters for groundwater are: pH 7.6, turbidity 31.0 NTU,
conductivity 625 µS/cm, hardness 163 mg/l CaCO3, chloride 88.0 mg/l, total dissolved
solids 497 mg/l.
Rwanda: There are permanent aquifers (recharged from rainfall), with 23,820 sources
and an estimated yield of 1,900 Mm3 per year. The majority of the sources have pH
less than 7.
Sudan: The largest aquifer in Sudan, the Nubian Sandstone, is shared with Chad,
Egypt and Libya; its water is of fossil origin. Recharge of groundwater in other aquifers
is rather limited, estimated to be around 4000 Mm3/year. Total dissolved solids vary
from 100 to 2000 ppm, and the depth to the aquifer ranges from 40 to 400 m. Some
shallow aquifers in the heavily Populated regions (e.g., parts of Central Sudan, Nyala
basin in the west, and Gash basin in the east) are showing some signs of water quality
deterioration.
Tanzania: Groundwater potential is variable, but it is one of the main sources of
domestic water supply, particularly in semi-arid areas, where it is the only reliable
source. About 75% of the country is underlain by the pre-Cambrian basement complex,
which is hard, consolidated and occasionally metamorphosed. The remainder is
underlain by much younger sedimentary and volcanic formations. Within the Lake
Victoria basin, groundwater potential is extensively high (40-50 m3/hr) in Musoma,
Bunda, Ngara, Magu and Bukoba districts. Medium potentials «40 m3/hr) are found in
Karagwe and Geita districts. The remaining areas have very low potential (0-25 m3/hr).
Groundwater recharge is usually from rainfall, rivers and the lake, but recharge rates
have not been determined. A few sources have indicated high concentrations of iron,
manganese and fluoride in parts of the basin. Data for groundwater discharge,
availability and quality are generally scanty.
Uganda The predominant aquifers, covering more than 90% of the country are in
crystalline basement rocks. They are low yielding, have relatively low permeability, very
poor hydraulic characteristics, and are highly variable and limited in extent. Other types
of aquifer are localized. They include gravel, sands and clay (comparatively good, but
constrained by limited storage and erratic recharge), and volcanic formations. District
based estimates of yield are in the range 1-4 m3/hour, but large variations occur locally.
The order of magnitude of groundwater recharge is estimated to be about 10% of the
annual rainfall or l00 mm (strongly dependent on the total annual rainfall), which
corresponds to an average recharge over the entire country of 20,000 Mm3/year .The
present annual groundwater demand for domestic purposes can be roughly estimated
(based on a per capita consumption of 25 l/ay) as 150 Mm3 or 0.75% of the available
resource.
Large-scale irrigation diversion, industrial abstractions and major urban supplies are
generally not likely to be practicable from groundwater. The costs of pumping as well
as other cost-benefit considerations would have to be taken into account in order to
determine whether these resources are viable for the different usages. Therefore,
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surface resources will remain dominant for large-scale water requirements.
In general, the groundwater resources of the basin have not been thoroughly assessed.
They are poorly known, and further investigations should be carried out. Groundwater
quality appears to be adequate, although there are signs of deterioration in some areas;
for instance, in the heavily populated parts of Sudan, and by salinization in Egypt.

2.11.3 Internally renewable water resources
The surface water contributions from different sub-systems is presented in Table 2-16.
Internally renewable water resources (IRWR) are water resources (surface runoff or
groundwater recharge) generated from endogenous precipitation. They do not include
trans-boundary flows and the water consumed by rainfed crops and natural vegetation
(forests, range land, etc). Actual Renewable water resources (ARWR) is the sum of
IRWR and naturally incoming transboundary flows minus naturally outgoing
transboundary flows. A 1995 estimated of IRWR and ARWR for countries in the Nile
Basin is presented in 2-17.
Freshwater availability indicators account for internal renewable water resources
(surface runoff and groundwater recharge), naturally incoming waters minus naturally
outgoing waters, water consumed by natural vegetation and water lost by evaporation
that could be saved. A country or basin is considered to be (a) water scarce if the
available water is less than 1000m3/capita/yr, (b) water stressed if the available water
is between 1000-1600 m3/capita/yr, and (c) water abundant if the available water is
more than 1600 m3/capita/yr. Using this classification Burundi, Egypt and Rwanda have
water scarcity, Kenya is water stressed and the others have abundant water resources.
However, these are national estimates and there are some sub-basins in these
countries where the above classification does not apply.
Table 2-16

Water balance component of different river sub-systems

Sub-system

Water balance component

Lake Victoria
Lake Albert

Outflow
From Victoria Nile
From Semliki River
From Lake Mobutu Basin
Direct Rainfall
Sub-total
Evaporation Loss
Net outflow from Lake Albert
Contribution from Bahr el Jebel and Zeraf
Contribution from Bahr el Ghazal
Contribution from Sobat River
Total flow of White Nile at Malakal
Flow reaching Malakal

Sudd swamp

Bahr el Jebel and Bahr el
Zaraf
Sobat river
Blue Nile
Atbara river
Main Nile

Table 2-17

Inflow into White Nile
Inflow into the Nile at Khartoum
Inflow into the Nile at Atbara town
Inflow into Aswan Dam
Outflow into the sea
Renewable Water Resources in the N B countries (1995)
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Flow
(BCM/yr)
23.5
22.5
4.0
2.5
3.6
32.6
6.3
26.3
15
0.5
13.5
29
15
13.5
54
12
84
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Country

Burundi
DR Congo
Egypt
Eritrea
Ethiopia
Kenya
Rwanda
Sudan
Tanzania
Uganda

Internal
Renewable
Water
Resources
(IRWR)
(km3/year)
3.6
935.0
1.7
2.8
110.0
20.2
6.3
35.0
80.0
39.2

Actual
Renewable
Water
Resources
(ARWR)
(km3/year)
3.6
1019.0
58.3
8.8
110.0
30.2
6.3
88.5
89.0
66.0

Dependency
Ratio %

IRWR per
inhab. in
1994
(m3/inhab)

0.0
8.2
96.9
68.2
0.0
33.1
0.0
77.3
10.1
40.9

579
21,973
29
815
2,059
739
833
1,279
2,773
1,891

ARWR per
inhab. in
1994
(m3/inhab)

563
23,211
926
2,492
1,998
1,069
792
3,150
2,998
3,099

Source:
2.12

Water development

2.12.1 Dams and water abstraction works
The major man-made reservoirs are associated with the major dams constructed in the
basin (Table 2-18). The main ones are in Egypt, Sudan and Uganda. Lake Nasser, in
Egypt was formed after the construction of the Aswan High Dam in 1970. Lake Nasser
backs up the Nile about 480 km (320 km in Egypt and 160 km in Sudan), has a
capacity of 162,000,000,000 m3 and a surface area of 6,500 Km2. In Sudan, the main
reservoirs are the Jebel Aulia reservoir on the White Nile, Senar and Roseries storage
reservoirs on the Blue Nile and Khashm El Gibra reservoir on Atbara.
The major dams in the Nile basin are presented in table 18. Only 4 of these dams were
constructed after 1970. These dams yield enormous benefits to the economy. They
impound the floodwaters, releasing them when needed to maximise their utility for
irrigation, for hydropower generation, for navigation and for supporting the fishery
industry.
The dams have also produced several negative side effects. For example the
construction of the Aswan High Dam necessitated the relocation (a) of an ancient
Egyptian temple complex of Abu Simbel; and (b) of ninety thousand Egyptian fellahin
and Sudanese Nubian nomads; and (c) the construction of the Khashm el Girba Dam
on the Atbara river to provide alternative livelihood to some 70,000 people displaced. It
has also lead to a gradual decrease in the fertility and productivity of Egypt's
agricultural lands that used to benefit from the 40 million tons of plant nutrient rich silt
carried by the Nile flood and deposited on their farmlands. (Fao, report Ref …).
Table 2-18

Country
Egypt
Egypt
Egypt
Egypt
Ethiopia
Kenya

Name of dam
Assiut barrage
Esna barrage
Nag-Hamady barrage
High Aswan dam
Finchaa
Ellegirini

Major dams in the Nile Basin

River
Nile
Nile
Nile
Nile
Finochaa
Ellegirini
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Year
Capacity (*
construct Height
ed
(m)
106 m3)
1902
15.50
16.30
1908
1930
15.80
111.00
162,000
1970
1973
25.00
650
1987
24.00
2,
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Sudan

Sennar

Sudan
Sudan
Sudan

Jebel Aulia
Khashm El Gibra
Roseiris

Uganda Owen Falls
Source: FAO, 1996

Blue Nile
White
Nile
Atbara
Blue Nile
White
Nile

1925

48.00

930

1937
1964
1965

18.00
35.00
60.00

1,300
2,386

1954

30.00

230,000

Other main structures constructed on the Nile River are barrages and diversion canals.
Egypt has constructed barrages at the Nile Delta to protect the last available river water
from the Mediterranean seawater intrusion. Sudan constructed, the Jongley Canal, to
bypass the massive Sudd swamp by connecting the Bahr el Jebel (White Nile) river at
Bor straight to about Malakal and convey 20 million m3 per day. The construction work
of the 360 km canal began in 1978, but the works stopped in 1983, after constructing
240 km.

2.12.2 Hydropower development
The present development of hydropower is implemented at a small-scale in the basin.
The main plants are the Aswan dam in Egypt; on the upper Blue Nile in Ethiopia; along
the Blue Nile and the White Nile in Sudan; and at the outlet of Lake Victoria in Uganda.
Power demand is rapidly increasing and currently exceeds the available supply in
some areas. In Uganda the shortfall in electrical production has negative impact on
many sectors of the economy.
There are substantial possibilities for increasing hydropower generation in many parts
of the basin, which include the countries surrounding Lake Victoria, the Ethiopian
highlands, and along the White Nile, Blue Nile and main Nile through Uganda and
Sudan. The largest existing hydropower development is at Aswan. However, there is
little potential for further increasing power output in Egypt. Information on the present
hydropower development in each country and estimates of possible potentials for
increasing in hydropower production are given in table 2-19.
As mentioned above hydropower generation can be regarded as a non-consumptive
water use (except for reservoir evaporation losses). This means that development in
one country may have a minor effect on the quantity of flow downstream. However, it
might affect the flow regime, that is, the seasonal distribution of high and low flows. In
general, the hydropower potentials are not mutually exclusive. Meanwhile, we may
need to treat the estimated potentials with some caution; it is likely that they are
technical maxima for what could be generated and based on pre-feasibility estimates
only. The estimates do not take into account neither actual demand or existing power
grids, trade-off and comparison to other energy sources, nor the environmental and
socio-economic factors.
It is anticipated that an increase in available electrical energy in the basin will be
required to promote beneficial economic development and alleviate some already
existing shortages. The benefits for the basin countries of collaborative development
and management of hydropower, combined with the establishment of power grids to
transfer power from the optimum areas of generation to the areas of consumption,
could be very substantial. Collaborative studies of the most economical and
environmentally viable ways to generate and distribute power within the basin are
needed to develop soundly based projects and achieve benefits for all.
Co-operation between the basin states could be valuable in the development of the
agricultural potential, leading to increased incomes and food security. Greater volumes
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of trade in agricultural production, combined with the increased use of optimal
geographical growing zones for crops (while still securing local basic supplies) could
improve efficiency and provide associated increases in economic returns. As irrigated
agriculture uses very high volumes of water, there is also potential for investigating the
substitution of irrigation by other water uses (e.g. industry) which could provide much
higher economic returns per unit of water. The economic benefits of this approach
need to be weighed against the need to import more food.
Table 2-19

Hydropower development and potential

Country
Burundi

Present
There a total of 6 hydropower stations
in the Nile basin, with an installed
capacity of 3.6 MW.

Potential
Considering sites with a power greater than
1 MW, the potential power production is
greater than 6,000 GWh/year. However,
the projects, which could be realized, are in
the Congo basin, not the Nile.

Congo
(D.R.)

Annual HEPP production is estimated
at 14,290 GWh, and consumption is
7,717 GWh. The surplus is exported
to neighbouring countries.

The river Congo and its tributaries have an
enormous hydropower potential, but no
information is available for the Nile basin.

Egypt

Total installed capacity (4 sites) is
2,845 MW.
Present development is at Finchaa
and Tis Abbay sub-basin, with a total
energy production of 673 GWh/year .

There is potential for an additional 138
MW.
Total hydropower potential in the Nile basin
is about 68,600 GWh/year.

Kenya

Current capacity in the Lake Victoria
basin is less than 2 MW.

Potential capacity in the basin is estimated
at 355 MW, yielding 1.680GWh/year on
average.

Rwanda
Sudan

Present capacity is 34 MW.
The existing three dams have an
installed capacity of 400 MW, much
less than the present demand.

Tanzania

There is no hydropower development
in the basin; power is imported from
other parts of Tanzania and from the
owen Falls dam in Uganda.

Potential capacity is 121 MW.
Possible hydropower sites both on the
Main Nile and on Tributes in the south have
a potential capacity of 3.000 MW, and
annual production of 20.000 GWh.
Development Potential in the basin
includes proposed sites at Rusumo Falls
and Kishanda Valley on the river Kagera
and Mara mines on the river Mara. The
sites have a total Potential production of
the order of 2.667 GWh/year

Ethiopia
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Country
Uganda

Present
Current installed capacity at Owen
Falls is 180 MW, but the plant usually
operates at 160 MW. The Owen Falls
Extension
is
currently
under
construction, and will provide a total
developed. Power demand, which is
increasing by at least 2 MW per
month,
currently
exceeds
the
available supply by 80 MW during
peak periods (excluding suppressed
demand); this shortfall is limiting
growth in many sectors of the
economy. There is a 30 MW export
commitment to Kenya, plus 5 MW to
Tanzania and 1 MW to Rwanda;
these demands are not satisfied
during peak hours. The grids of
Uganda and Kenya are already
interconnected. Present and forecast
electricity demands are: 1997: 276
MW (240 domestic, 36 export), 2020:
1,163 MW (1,073 domestic, 90 export

Potential
Several potential sites have been identified
between Owen Falls and Lake Albert, with
an additional total capacity of 1,532 MW
(which would bring the total national
installed capacity to 1,912 MW) .The
present operations are carried out in
accordance with an Agreed Curve, which
limits the releases that can be made. A
scheme which involves tunnelling part of
the Nile from Lake Kyoga to Lake Albert
(400 m down) would produce over 2,000
MW .The total estimated hydropower
potential on the Nile

2.12.3 Irrigation
Present irrigation in the basin is dominated by the large schemes in Egypt and Sudan,
while in the remaining parts, only relatively small areas of irrigation have so far been
developed. In Egypt, the use of double cropping means that the effective area in
production is greater than the total area of land under irrigation. The vast majority of the
irrigation water requirements are supplied from surface water. The information on
irrigation efficiency, irrigation techniques and the quality of irrigated land is generally
sparse. It appears that most irrigation is carried out by flood techniques. Information on
the present irrigation development in each country and estimated potentials for
increasing irrigation are given in table 2-21. Some details of irrigation techniques and
major crops currently grown under irrigation are presented in table 2-20.
The figures for irrigation potential show that, high potentials for increasing irrigation
seem to be possible throughout the basin. However, these figures are based on the
situations of individual countries in isolation. Since a large proportion of irrigation water
use is consumptive, the interactions of developments and their effects throughout the
basin need to be taken into account. Furthermore, many of the country figures for
irrigation potential seem to be based on soil and climate conditions alone, and may not
take into account other relevant factors such as water availability, transportation, trade,
storage, food processing and economic viability. More detailed assessments are
required. If the potential irrigated land is of marginal quality, this would result in low
returns per unit of water. Because most irrigation is currently carried out by flood
techniques, there should be a large potential for increasing efficiency through improved
irrigation methods. This could result in high overall water savings, which in turn could
be added to water availability.
Table 2-20
Country
Burundi
Congo (D.R.)

Irrigation methods and major irrigation crops

Irrigation method
No irrigation at present.
No information

Main crops
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Egypt

Gravity, pumping,

Ethiopia
Kenya
Rwanda
Sudan
Tanzania
Uganda

Sprinkler and drip.
No information.
Flood.
Flood.
Gravity and pump.
Flood.
Irrigation in swamps.

Table 2-21

Wheat, Berseem, Vegetables, Maize, Rice, Cotton,
Perennial fruits,
Sugar cane.
Sugar cane.
Rice
Rice, Vegetables, Sorghum, Sweet potatoes, Beans.
Cotton, Groundnuts, Sorghum, Wheat, Sugar cane.
Maize, Vegetables, Beans, Rice, Onions, Sugar cane.
Rice, Horticultural

Irrigation development and Potential

Country
Burundi

Present
Currently there is no irrigation in the Nile
basin.

Congo
(D.R.)

Nationally, only 400 ha are equipped for
modern irrigation and there are 20,000 ha
of small-scale irrigation (in 1982). In
1996, 24,000 ha were irrigated (4% of
cropland)
Total irrigated area is about 3.28 million
ha (2.60 million ha in the Nile Valley and
Delta, 0.67 million ha of newly-reclaimed
land). The cropped area is 5.8 million ha,
indicating a cropping intensity of 1.77.
Annual diversion is 55,500 Mm3 and crop
consumption 40,820 Mm3.

Egypt

Ethiopia

The only development in the Nile basin is
about 6,000ha of sugar cane at Finchaa
in the Abbay sub-basin

Kenya

A total of 5,600 ha are currently
developed in the Lake Victoria basin,
comprising smallholder and governmentmanaged Annual demand for the three
largest schemes, covering 1,658 ha, is 54
Mm3.
Present development (only in swamps) is
5.000 ha.
The current gross irrigated area is around
1,600,000 ha.
Tanzania Current developments in the
basin have a water requirement of 1,565
Water requirement of 7.5 Mm3 / year.

Rwanda
Sudan
Tanzania
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Potential
In the short term there is potential for about
basin. 18,160 ha of irrigation in the basin
(Ruvubu catchment 10,830 ha; KanyaruKagera 7,330 ha), with a water requirement of
20.1 Mm3fyear. In the very long term, irrigation
of slopes of less than 30% is envisaged,
covering an area of 580,000 ha and with a water
requirement of 613 Mm3/year.
The irrigation potential for the whole country.
has been estimated as 4 million ha.

Planned expansion is for an additional 0.50
million ha by 2002, to be supplied by Nile water,
renewable groundwater and drainage re-use. A
further 0.92 million ha are planned diversion by
2017, to include areas in the Nile Valley, Delta,
Western Desert and Sinai. Water sources are as
above, plus treated city waste, water, nonrenewable aquifers, and savings resulting from
the first phase of the Jonglei canal. Annual
water requirements for the
expansion are
diversion of 20,800 Mm3 and; crop consumption
of 14,400 Mm3.
Integrated river basin master plan studies have
identified a total of about 2,444,000 ha of
irrigation potential (at pre-feasibility level), with
the appropriate storage sites. These are
distributed as follows: Abbay basin 1,750,000
ha; Tekeze 94,281 ha; and Baro-Akobo 600,000
ha. A considerable length of time is necessary
to make progress in large-scale irrigation
schemes from site identification to full
production.
Potential in the basin is assessed at 200,000 ha
(taking into account water availability and land
suitability). The future (2010) irrigation demand
has been estimated at 1,410 Mm3. Mm3fyear,
but this is an indicative figure, which needs
updating.
Potential development is 155,000 ha. 5,000 ha.
The potential for irrigation is about 80 million ha.
Irrigation with a water requirement of 1,565
Mm3 / year is Proposed.
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Country
Uganda

2.13

Present
Current irrigation is mostly small-scale
rice cultivation in swamps, plus some
horticulture. The total area is 32,510 ha,
with an estimated water use of 206
Mm3/year.

Potential
In 1964 a consultant estimated a total Potential
irrigation area of 247,000 ha, with a water
demand of 2,500 Mm3/year for single Cropping.
The potential areas are: Lake Victoria basin
35,509 ha; Lake Kyoga 137,134 ha; Kyoga Nile
24,886 ha; Lakes Edward and George 16,532
ha, River Aswa 4,417 ha; Albert Nile 27,499 ha.
A much higher estimate of 410,000 ha, with a
demand of 4,000 Mm3/year for single cropping,
has also been made.

Water use

2.13.1 Agriculture
Agricultural water use includes water used in rainfed and irrigated agriculture. Data on
rainfed agriculture is not available and hence only irrigation water use will be presented
here (see table 2-22)
Table 2-22
Country

Burundi
Rwanda
Tanzania
Kenya
DR Congo
Uganda
Ethiopia
Eritrea
Sudan
Egypt
Total

Gross Irrig
Req mm/yr

800
800
1,600
2,000
600
600
1,200
2,000
3,000
3,500

Irrigation water use

Potential

Utilized

Area(ha)

Irrigation Water
Use (m3)
64,000
120,000
48,000
360,000
6,000
121,200
2,664,000
300,000
8,250,000
15,470,000
27,403,200

80,000
150,000
30,000
180,000
10,000
202,000
2,220,000
150,000
2,750,000
4,420,000
10,192,000

Area(ha)
2,000
10,000
6,000
9,120
23,160
15,124
1,935,200
3,078,000
5,078,604

Irrigation Water
use (m3)
1,600
16,000
12,000
5,472
27,792
30,248
5,805,600
10,773,000
16,671,712

2.13.2 Hydropower generation
Because of the river gradient and the existence of a number of falls, the Nile basin has
a high hydropower potential. Water use for hydropower generation is mainly nonconsumptive. However, where water has to be stored in reservoirs for latter use,
evaporation losses of the reservoir is consumptive use and could be considered as
consumptive use for hydropower generation. For example as the Aswan dam
hydropower plant generates 10 billion kilowatt-hours annually, Lake Nasser reservoir
with a surface area of 6,500 km2 could loose as much as 13,000,000,000 m3 of water
to evaporation.

2.13.3 Navigation
Lake Victoria provides a vital transportation link for Kenya, Uganda and Tanzania and
the Nile River is still a vital waterway for the transportation of people and goods in
Sudan and Egypt. In Egypt, the Nile is navigable by sailing vessels and shallow-draft
river steamers as far south as Aswan. In Sudan, steamers still provide the only means
of transport facilities, especially in Sudan south of latitude 15º N, where road transport
is not usually possible from May to November, during the flood season. The Blue Nile
has an 800 km stretch that is navigable during high water times.
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2.13.4 Water use by country
The main withdrawals of water are for agricultural use, and dominated by irrigation. In
the south of the basin and in Ethiopia, irrigation is relatively less developed, and
domestic and industrial demands make up a substantial proportion of the water use
(see table 23). In this region the total amount of water use is only a small proportion of
the available resources. In contrast, the total water use in the north of the basin
currently reaches almost the total available resource. Irrigation demands are by far the
most important water use in this area (94% in Sudan, 97% in Egypt).
Table 2-23

Water demand and use by country

Country
Burundi

Water demand and use
Total annual demands in the Nile basin part of the country are 2,335 Mm3/
year, dominated by the requirements for hydropower generation and for
maintenance of marshes and swamps. By sector, they are: hydropower
55%, marshes 42%, drinking water 2%, livestock 0.7%, and industry 0.4%.
Demand projections for drinking water are (in Mm3/year): 102 (in 1990),
173 (2000), 262 (2010).
Congo
Water needs and projections for the whole country, evaluated in 1988, are
(D.R.)
(in Mm3/year): 471 (in 1995), 642 (in 2000), 875 (in 2005), and 1,103 (in
2010). Surface water provides almost 80% of drinking water requirements.
There are no estimates for the Nile basin part of the country.
Egypt
Total annual water withdrawals (demand) are about 66,000 Mm3, made up
of irrigation 82%, municipal water supply 7%, and industry 11 %. This does
not come solely from Nile water, but also from groundwater and drainage
re-use. Under the Nile Waters Agreement between Egypt and Sudan,
Egypt's share is 55,500 Mm3/year. The total withdrawals exceed this value
because water is recycled along the system.
Ethiopia No information.
Kenya
One of the most important water uses in the Lake Victoria basin is supply to
urban centres. Groundwater and rainfall harvesting (for domestic supply)
are both exploited to a lesser extent. Currently, the basin does not suffer
from large deficits of water. The demands and projections for water In the
basin for domestic water supply and industry are (in Mm3/year): 182 (in
1990), 294 (in 2000), and 470 (in 2010). These figures represent only a
very small percentage of the resources of the basin. In addition, there are
existing irrigation, livestock and wildlife demands. Total withdrawals are
estimated at 2,920 Mm3 (but this figure should be treated with caution as it
does not seem to be consistent with the demand projections).
Rwanda No information
Sudan
Under the Nile Waters Agreement between Sudan and Egypt, Sudan is
allowed to consume 20,500 Mm3 annually. Present abstractions are:
agriculture 94%, human and animal needs 5%, industry 1%.
Tanzania Total water withdrawal in the Lake Victoria basin is 246 Mm3/year. This is
divided between rural water supply (domestic and livestock) 59%, urban
water supply (including industry) 21 %, and irrigation 20%.
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Country
Uganda

2.14

Water demand and use
Consumptive water uses are for irrigation and water supply (rural, urban,
industrial and livestock). Important non-consumptive uses include
hydropower, fisheries, navigation, tourism and wildlife, and dilution of
wastewater. For domestic supply, the main source in major urban areas is
surface water, while for rural areas, small towns and peri-urban areas it is
groundwater. Industries are generally connected to the urban networks, but
some special cases may have separate supplies. Livestock water demand
is significant in semi-arid pastoral areas where many medium-sized dams
were constructed, most of which are now silted up or are dry. Government
policy, aimed at re-activating the livestock industry, includes improved
provision of livestock water supply for the rapidly increasing herds. In
general, the surface water resources will be able to satisfy the present and
future urban and livestock demands. However, the distribution of surface
water resources is uneven and, on a local scale, there may be competition
for water. Irrigation demands may increase to substantial amounts, drawn
from surface water. Due to the relatively large volumes required during the
driest parts of the year, irrigation will compete for water with other uses.
Present and projected water demands by sector are: Present: Total 827
Mm3/year (major towns 14%, small towns 2%, rural domestic 23%,
livestock 36%, irrigation 25%); 2025: Total 5,542 Mm3/year (major towns
5%, small towns 1 %, rural domestic 7%, livestock 7%, irrigation 80%)

Remarks on water use

In the past, water resources have been adequate to meet existing and emerging
demands from the various economic sectors of the Nile Basin countries. This is no
longer the case since each Nile country is planning and expecting different benefits
from the control and management of the Nile water resources. Water is a main
strategic factor in many facets of the complex economic and social situation in the Nile
Basin.
The potential water shortage situation predicted for Egypt is bound to be mirrored in
Sudan since countries traditionally dependent on rain-fed agriculture for their food
supply such as Ethiopia, Kenya, and Tanzania will need a substantial amount of water
in order to meet the food requirements of their growing populations. In the extreme
hypothetical scenario in which each country of the Nile Basin – regardless of
downstream rights and other considerations – were to use all the existing water in its
territory for the irrigation of arable soil in its territory, no water at all would reach the
HAD reservoir. A large potential for conflicts over water use is therefore evident, which
is why achieving an integrated regional development of water resources on a
sustainable basis is a critical condition for the socioeconomic development of the Nile
countries. To date, efforts to promote a water agreement between all Nile Basin
countries have failed to materialize due to several factors. One of the most pronounced
is the lack of a clear basin-wide water resources development strategy due to the
absence of a reliable tool for accurately evaluating different Nile water development
options and projects. Such a tool is of crucial importance since it would enable the
countries of the Nile region to evaluate different water development scenarios with a
high degree of confidence and thus help find generally acceptable solutions.

2.15

Water and health issues

The most serious water-borne diseases are malaria, diarrheic and bilharzias
(schistosomasiasis) all of which are prevalent throughout the region (table 2-24). In
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most countries, malaria is the single most important cause of death, continuing to
increase as resistance to the available drugs grows. Diarrhoea predominantly affects
children of under four years and its occurrence is particularly related to lack of hygiene
and the pollution of drinking water from sewage discharge. It is the major cause of
death among small children. The occurrence of bilharzia is related to slow-moving
water. It has increased dramatically in Egypt after construction of the Aswan High Dam,
where it becomes the most significant water-borne disease there. This has been
brought out by a combination of factors: high population density, frequent and
prolonged contact with water, and conversion from traditional to perennial irrigation.
Other water-related diseases, including respiratory illnesses, typhoid, hepatitis,
bacterial dysentery and a variety of intestinal parasites, are also widespread in the
basin.
In general, sedimentation, growth of weeds and slow-moving waters in canals and
rivers has provided the conditions for increases in water-borne diseases throughout the
basin. The infestation of water hyacinth is also a reason for disease growth. Rates of
infection and mortality due to these diseases are high, resulting in high levels of human
suffering and presenting serious problems for the basin countries.
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Table2-24

Country
Burundi

Congo
(D.R.)

Egypt

Ethiopia
Kenya

Water-borne diseases

Water borne diseases
There was a deficit of potable water in the regions of Bugesera, Kumoso
and Imbo before the crisis of 1993, and the situation quickly deteriorated
and spread across almost all of the country during this socio-political
crisis. Essentially, drinking water is affected by: organic and Bacterial
pollution; sediment; and lack of hygiene. The main diseases of
environmental origin are malaria, respiratory illnesses and diarrhoea. A
summary of the numbers of cases between 1990 and 1995 is as follows:
Malaria: 511,000 cases in 1990, increasing to 1,051,000 in 1995;
Respiratory illnesses: 73,000 cases in 1990, increasing to 259,000 in
1995; Diarrhoea: 157,000 cases in 1990, increasing to 170,000 in 1992,
and then decreasing to 125,000 in 1995. Other water-related diseases
include schistosomiasis which is widespread in the northeast of the
country (38% prevalence in rice-growing areas) and bacterial dysentery,
which is also very widespread in the Nile basin (6,233 cases in 1995).
Poor hygiene conditions, the generally unsanitary state of the environment
and water pollution have lead to a resurgence of diarrhoea, malaria and
schistosomiasis, and the proliferation of the vectors of these diseases.
Malaria causes almost 150,000 deaths per year, and is the primary cause
of morbidity and mortality in the country. Diarrhoea and intestinal
parasites are responsible for about 30-45% of infant mortality. River
blindness (onchocerciasis) is mainly found in three areas: along the river
uele in Orientale province; along the river Sankuru and its tributaries in the
two Kasal; and in Equateur province. Schistosomiasis, carried by snails,
has a high prevalence throughout the country.
Schistosomiasis is the most significant water-related disease. High
population densities combined with frequent and prolonged contact with
water have lead to some of the most dramatic changes ever observed in
its prevalence. Conversion from traditional to perennial irrigation resulted
in large increases. There are two types involved, S. haematobium and S.
mansoni, and they show changing patterns of occurrence, which are often
related to the construction of the Aswan High Dam. Routine health
examinations in 1994 in the Delta region showed highly variable infection
rates, with maximums of 4% for S. haematobium and 23% for S. mansoni.
Active population-based surveys in 1990-92 showed that S. haematobium
is almost disappearing in the Delta region, while S. mansoni reaches a
maximum level of 39% in the northernmost area. Several other parasitic
diseases are also known. Other water-related diseases include typhoid
(average rates of infection for 1988-94 varied from 0.77 to 89.97 per
100,000 population;) and hepatitis (average infection rates for 1990-94
from 1.6 to 122 per 100,000).
No information
The numbers of cases of the main water-borne diseases in Nyanza
province (which covers most of the Lake Victoria basin) and for the whole
country are: Malaria: 902,000 in Nyanza, 3,510,000 nationally; Bilharzia:
3,900 in Nyanza, 24,500 nationally; Worms: 81,000 in Nyanza, 439,000
nationally; Other water-borne diseases: 116,000 in Nyanza, 563,000
nationally.
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Country
Rwanda

Sudan

Tanzania
Uganda

Water borne diseases
Malaria is by far the single most important cause of death, its continuing
increase being complicated by growing resistance to chloroquine. The
rates of mortality and morbidity for the most significant diseases
(expressed as percentage of cases) are: Malaria (50% of mortality, 37% of
morbidity), Acute respiratory tract infections (31% of mortality, 21% of
morbidity), Diarrhoea and bloody diarrhoea (11% of mortality, 5% of
morbidity) Bilharzia incidence is not recorded, but there are occurrences
in the north around lakes Ruhondo and Bulera.
Sedimentation, growth of weeds and slow-moving waters in minor canals
provide the conditions for water-borne and water-related diseases such as
bilharzia and malaria.
No information
The water-related diseases, malaria and diarrhoea, constitute about 30%
of the total number of patients, with malaria alone accounting for over
22%, and affecting all age groups. Diarrhoea predominantly affects
children of under 4 years. The relation of health to the water resources is
through: quality of drinking water; pools where malaria mosquitoes can
breed; and the occurrence of bilharzia in lakes and streams.
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3

Challenges to Water Management

There are several problems faced by the Nile countries and some of these problems
include inefficient water use; no unified database for the basin; water pollution
problems in the basin countries ; deforestation and soil loss; sedimentation problems;
lack of reliable polices; political stability; low enforcement; lack of cooperation; and lack
of agreements

3.1

Overuse of freshwater resources

Different levels of freshwater scarcity are experienced in the Basin depending on the
population densities, the level of water development and water demand. Downstream
riparian states are concerned about the call by citizens of the upstream riparian states
to use some of the water resources flow to neighbouring countries in projects that
contribute to poverty alleviation in their countries. They are demanding for a
renegotiation of the water treaties signed during the colonial era. In some areas with
abundant water resources water is still used inefficiently. Lowering of groundwater is a
problem in certain area and concerns about increased cost of groundwater abstraction
(deepening wells and pumping), land subsidence, salt-water intrusion have been
expressed.

3.2

Water pollution

Water quality is highly variable, from place to place and from time to time, even within a
particular river system. It is dependent on many factors, particularly the source of
pollution (natural and/or human activities), concentration of the polluting elements, rate
of stream flow and size of groundwater aquifer. Water pollution in the basin is
associated with suspended solids, microbiological, chemical (agricultural and
industrial), eutrophication and solid waste disposal thermal pollution. The level of
pollution increases with population densities and urbanisation, level of irrigation return
flow, and level of industrial activities. Major preoccupation is with water quantity and not
water quality as such not enough attention is given to water quality issues such as
monitoring, pollution control and prevention. The main impacts on water resources
include: siltation of rivers, lakes, reservoirs and water systems; reduction in sub-surface
water quantity; and pollution of water sources and faecal contamination of water for
domestic use.

3.3

Changes in temporal and spatial availability of water resources

Land use and management induced changes in flow regimes have been reported. In
areas where the soils have low infiltration rates the buffering effect of forest vegetation
and associate forest litter is reduced and runoff increased consequently the water
retention capacity of watersheds is reduced and dry season water availability reduced.
Construction of water storage and water control dykes while providing better regulation
of water particularly to improve dry season water availability has affected downstream
communities dependent on flood flows for their source of water and nutrient rich
sediments.

3.4

Land degradation

Land degradation broadly defined as any change in the land that reduces its quality
and productivity. It can occur naturally but it is mainly induced by misuse and/or
overuse. Land degradation in the basin is associated with water management includes
erosion, salinization and water logging. Other causes of land degradation include soil

57

Baseline Report, Nile case

degradation (soil surface sealing, soil acidity, soil structure decline and soil fertility
decline) and vegetation degradation such as loss of plant biodiversity.

3.5

Soil erosion

The nature and extent of the soil erosion in the Basin is highly variable in time and
space. The main hot spots are in cultivated steep sloping lands in the highlands of
Ethiopia, Kenya, Uganda, Rwanda and Burundi; and the over-grazed grassland in
Sudan, Ethiopia and Uganda.
Inappropriate land use and management is the major cause of soil erosion and many
areas of the basin are experiencing land use changes, particularly the conversion of
forest, wetlands and savannah grasslands natural ecosystems into cropland. For
example the Dembecha area, Gojam, in the North-western highlands of Ethiopia, the
natural forest cover was 27.1%, 1.7% and 0.3% in 1957, 1982 and 1995 respectively.
In Uganda, before the conversion Mt. Elgon Forest Reserve into a national park, 34%
of its area forest cover on hilly areas had been depletion. The conversion accompanied
when accompanied by inappropriate land use and management is a major cause of soil
erosion in the basin.
Desertification induced by extremes in climatic variation and unsustainable land use
practices is becoming a serious problem in Southern Sudan, Ethiopia and Eritrea. This
summary of the situation can be supplemented by information from a worldwide survey
of soil erosion and desertification carried out by the United Nations Environment
Program (UNEP, 1992). The survey shows that high or very high rates of soil erosion
by water occur in the Nile basin parts of several countries, particularly the mountainous
areas of Burundi, Ethiopia, Kenya, Rwanda, Sudan and Uganda. Causes of soil
erosion are tabulated below.
Table 3-1

Country
Burundi:

Congo
(D.R.):

Egypt

Causes of soil erosion in the Nile basin countries

Causes of Erosion
There are multiple causes of soil erosion, including: high demographic
pressure on the land; hilly topography; high rainfall intensity; inappropriate
agricultural practices; bush fires and deforestation. In the Nile basin, risk of
erosion is generally medium, with loss rates in the range 4-18 t/ha/year,
caused by the high population density. The mountainous areas of the
Congo-Nile watershed have low erosion rates in the protected areas, but
high rates (about 180 t/ha/year) in unprotected areas.
The most eroded soils are found in the most densely populated provinces,
Kivu and Bas-Congo. In these regions, overpopulation and overgrazing
have exerted pressures, which have reached breaking point for certain
resources. In terms of soils, this results in gullying, sheet erosion and
landslips.
The main problem is wind erosion, which affects vast areas on the fringes
of deserts where the topsoil is sandy and thin, and acts as a constraint on
the productivity of farmland. Other constraints on productivity include:
water logging and salinization (14% loss in production potential; physical
constraints (3% loss); fertility constraints (15% loss); management
constraints (20% loss). In combination, these constraints have been
estimated to reduce the total potential productivity of the soil by 52%.
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Country
Ethiopia:

Kenya

Rwanda

Sudan

Tanzania

Uganda

Causes of Erosion
The most extensive and pervasive environmental problem in the sub-basin
is soil degradation and erosion, particularly in the highlands. One of the
major sources of sediment is the extensively farmed highland, coupled
with predominantly steep relief. Widespread deforestation has contributed
to the soil erosion problem.
Pressure exerted by the rapidly growing population especially on the
country's high-potential arable land has brought about far reaching
changes in land use patterns, and has brought many attendant adverse
environmental problems in the Lake Victoria basin as well as in the rest of
Kenya. Suspended loads carried by the rivers are very high due to
excessive soil erosion throughout the basin. Soil erosion problems are
more apparent in the middle and lower reaches of the rivers than in the
upper reaches where vegetation cover is more abundant
Soil erosion problems are due to strong demographic pressure, limited
arable land, near total disappearance of fallow land, small plots (average
0.6 ha per family), cultivation in marginal areas and on steep slopes, and
high rainfall, resulting in continuously high rates of erosion. Poor
management of natural resources (deforestation, encroachment into
protected areas) adds to the problem. Soil loss can reach 557 t/ha/year in
some areas. Total annual losses for the whole country are estimated at
945,000 tons of organic matter, 41,200 tons of nitrogen, 280 tons of
phosphorus, and 3,100 tons of potash. It is estimated that water erosion
alone causes reduction in capacity to feed 40,000 people annually.
The flat terrain and torrential rain over the bare soil cause sheet flow,
which may result in soil erosion. This is to some extent manifested in the
central clay plains, vertisols, of the Savannah belt. Sand dunes move
southwards under wind erosion and creep to the Nile especially between
Karima and Dongola in the Northern State. The sand started to cover the
very fertile thin strip of land on the banks of the Nile and affect the river
morphology.
Extensive soil erosion has occurred in Shinyanga and part of Mwanza
regions. Some areas in Biharamulo, Ngara and Musoma districts have
medium soil erosion, while the remainder of the basin has only low soil
erosion problems.
Soil erosion problems vary widely across the country. The regional
variation can be summarized as: Low in the south and south-eastern lake
area and the north-central area ; Low, but medium in specific parts, the
south-western and western highlands ; Low to medium, but high in specific
parts, in the West Nile area; Medium, but high in specific parts, in the
south-western pastoral area; Medium to high in the north-eastern pastoral
area ; High in the Ruwenzoris, Mt. Elgon and surrounding foothills ; and
very high in the south-western mountains. The causes of erosion also vary
widely, but include: high land use and population pressure; cultivation on
steep slopes and on river banks; annual crop cultivation; deforestation;
bush fires and burning of crop residue; high intensity storms and high soil
erodibility; poor vegetation cover; overgrazing; and highly degraded soils.

.
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3.6

Water logging and salinization

Flooding is experienced in specific reaches of the Nile River and its tributaries. The
nature and extent of flooding and the financial implications is not well documented.
Irrigation, particularly in Sudan and Egypt has been associated with high levels of land
degradation associated with water logging. In the equatorial lakes region reclaimed
swampy land has been report to experience yield decline after several years of
cultivation. Both dry land and irrigation-induced land salinisation occurs in certain parts
of the basin. However, data on the nature and extent is scanty.

3.7

Ecosystem degradation

Wetlands, mainly swamps and marshes in Rwanda, Burundi, Kenya, Uganda, Ethiopia
and Sudan continue to experience encroachment by farmers. Encroachment into
marginal lakeshore, wetlands and riverine ecosystems results in modification of
ecosystem including community structure and/or species composition. Degradation of
forest ecosystem is also of concern due to the potential impact on the functions these
ecosystems provide in water quality, sustaining dry season flows and in climate
modification.
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4

On-going initiatives

4.1

Challenges and Opportunities

Despite the extraordinary natural endowments and rich cultural history of the Nile Basin,
its people face considerable challenges. Today, the Basin is characterized by poverty,
instability, rapid population growth, and environmental degradation. Four of the Nile
riparian countries are among the world’s ten poorest, with per capita incomes in the
range of USD 100-200 per year. Population is expected to double within the next 25
years, placing additional strain on scarce water and other natural resources. Only one
other river basin (the Danube) is shared by more countries than the Nile, and the
transboundary nature of the river poses complex challenges. Yet the Nile holds
significant opportunities for ‘win-win’ development that could enhance food production,
energy availability, transportation, industrial development, environmental conservation,
and other related development activities in the region. Cooperative water resources
management can also serve as a catalyst for greater regional integration, both
economic and political, with potential benefits possibly far exceeding those derived
from the river itself.

4.2

Evolving Cooperation

Appreciating the benefits of cooperation, various sub-groups within the Nile Basin have
engaged in cooperative activities over the past thirty years. One of the early regional
projects in the Nile Basin was Hydromet, which was launched in 1967, with the support
of the United Nations Development Program (UNDP), to foster the joint collection of
hydrometeorological data. Hydromet operated until 1992. In 1993, the Technical
Cooperation Committee for the Promotion of the Development and Environmental
Protection of the Nile Basin (TECCONILE) was formed in an effort to focus on a
development agenda. Also in 1993, the first in a series of ten Nile 2002 Conferences,
supported by the Canadian International Development Agency (CIDA), was launched
to provide an informal mechanism for riparian dialogue and the exchange of views
between countries, as well as with the international community. Within the framework
of TECCONILE, a Nile River Basin action plan was prepared in 1995 with support from
CIDA. In 1997, the World Bank agreed to a request by the Council of Ministers of
Water Affairs of the Nile Basin States (Nile-COM) to lead and coordinate donor support
for their activities. Thus, the World Bank, the UNDP, and CIDA began operating in
concert as ‘cooperating partners’ to facilitate dialogue and cooperation among the
riparians, creating a climate of confidence within which an inclusive mechanism for
working together could be established.

4.3

Establishment of the Nile Basin Initiative

In 1998, recognizing that cooperative development holds the greatest prospects of
bringing mutual benefits to the region, all riparians, except Eritrea, joined in a dialogue
to create a regional partnership to facilitate the common pursuit of sustainable
development and management of Nile waters. In an historic step, they jointly
established an inclusive transitional mechanism for cooperation until a permanent
cooperative framework is established. The transitional mechanism was officially
launched in February 1999 in Dar es Salaam by the Nile-COM. In May 1999, the
overall process was officially named the Nile Basin Initiative (NBI).
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4.3.1 Developing a Shared Vision and Objectives
Following extensive consultations, the Nile-COM, at its Extraordinary Meeting in
February 1999, adopted a shared vision and policy guidelines for the NBI. The shared
vision is: To achieve sustainable socio-economic development through the equitable
utilization of, and benefit from, the common Nile Basin water resources. The policy
guidelines, which provide a basin-wide framework for moving forward with cooperative
action, set forth the primary objectives of the NBI:
•
•
•
•
•

To develop the water resources of the Nile Basin in a sustainable and equitable
way to ensure prosperity, security, and peace for all its peoples;
To ensure efficient water management and the optimal use of the resources;
To ensure cooperation and joint action between the riparian countries, seeking winwin gains
To target poverty eradication and promote economic integration; and
To ensure that the program results in a move from planning to action.

4.3.2 Pursuing Cooperative Development
The Initiative provides a unique forum for the countries of the Nile to move forward a
cooperative process to realize tangible benefits in the Basin and build a solid
foundation of trust and confidence. The Nile-COM serves as the highest decisionmaking body of the NBI. Chairmanship of the Nile-COM is rotated annually. The NileCOM is supported by a Nile Technical Advisory Committee (Nile-TAC), which is
composed of two senior officials from each member country. The NBI maintains a
secretariat, the Nile-SEC, located in Entebbe, Uganda.

4.3.3 From Vision to Action: A Strategic Action Program
To translate the Shared Vision into action, the riparians are developing a Strategic
Action Program that focuses on two complementary ideas - a shared vision and action
on the ground. The ideas are mutually reinforcing. A common vision provides a
framework for activities on the ground, and, in turn, these activities realize the vision.
These ideas are being translated into actions through two complementary programs: (i)
a basin-wide Shared Vision Program to create an ‘enabling environment’ for
cooperative action through building trust and skill, and (ii) Subsidiary Action Programs
to plan and implement investments and activities ‘on the ground’ at the lowest
appropriate level, taking into account the benefits from, and impacts of, these activities
in all riparian countries.
The Nile countries seek to realize their Shared Vision through a Strategic Action
Program, comprising basin-wide projects, as well as sub-basin joint investment projects.
The basin-wide Shared Vision Program, a broad based program of collaborative action,
exchange of experience, and capacity building, includes a set of seven projects as
listed below. These projects have been endorsed by the Council of Ministers and are
ready for implementation: Nile Transboundary Environmental Action; Nile Basin
Regional Power Trade; Efficient Water Use for Agricultural Production; Water
Resources Planning and Management; Confidence-Building and Stakeholder
Involvement (Communication); Applied Training; and Socio-Economic Development
and Benefit-Sharing.
At the same time, groups of countries - one in the Eastern Nile and another in the Nile
Equatorial Lakes region - have identified joint and mutually beneficial investment
opportunities at the sub-basin level (Subsidiary Action Programs).
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The Eastern Nile Subsidiary Action Program, which includes the countries of Egypt,
Ethiopia, and Sudan, seeks to initiate a regional, integrated, multi-purpose program
through a first set of investments. Within this regional context, the Eastern Nile
riparians have identified seven sub-projects in the areas of integrated water resources
management, flood management, power generation and interconnection, irrigation and
drainage, and watershed management, which warrant more detailed preparation and
assessment.
The countries of the Nile Equatorial Lakes Subsidiary Action Program - Burundi,
D.R. Congo, Egypt, Kenya, Rwanda, Sudan, Tanzania, and Uganda - seek to achieve
joint action on the ground to promote poverty alleviation, economic growth, and the
reversal of environmental degradation in the sub-basin. They have identified twelve
multi-country projects, targeting investments in agricultural development, fisheries
development, water resources management, water hyacinth control, and hydropower
development and transmission interconnection.
Projects identified within the Subsidiary Action Programs have move into the
preparation phase since 2001. During preparation, a few selected projects have been
‘fast-tracked’ into the implementation phase, to yield early benefits from cooperation.

4.3.4 Riparian Consultative Process
The NBI facilitates riparian dialogue and cooperative action at multiple political and
technical levels. The Nile-COM provides the main policy direction for Nile Basin
cooperation, including the Strategic Action Program. The Nile-TAC, which coordinates
joint activities, is responsible to the Council for preparing and implementing the basinwide Shared Vision Program. While the Nile-COM and the Nile-TAC have promoted the
identification of Subsidiary Action Program projects at the sub-basin level, the
responsibility for the Subsidiary Action Programs rests with the involved riparians,
within the overall basin-wide framework. Throughout the process, high priority has
been – and will continue to be placed on strengthening the process of consultation in
order to build trust and confidence. The basin-wide framework also includes an
‘international discourse’ to promote broad based discussion on the sustainable
development and management of Nile waters. The international discourse is currently
being developed in cooperation between the World Wildlife Fund, the World
Conservation Union (IUCN), and the World Bank.

4.3.5 Moving Towards Implementation
Since 1997, the NBI has progressed from a phase of dialogue and political
engagement to a phase of preparation of the Strategic Action Program. Each phase
has had its own unique and complex challenges. Now, as ICCON approaches, a new
phase of partnership with a broader circle of the international community is beginning.
There are many details regarding the implementation of the Strategic Action Program,
related to financing mechanisms, program management and coordination, and
implementation arrangements, which are currently under discussion. Over the next few
months, the Nile riparians hope to actively engage with the donor community in
addressing these issues in ways that promote strong partnership yet ensure riparian
ownership and direction of the process of Nile cooperation.

4.3.6 Growing Partnerships
Initial partners supporting the Nile Basin Initiative include the United Nations
Development Programme, the Canadian International Development Agency, and the
World Bank. A growing list of donors has joined these ‘cooperating partners’ in
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providing financial support for the Initiative to date. The Nile riparians are supporting
the core functions of the Nile Secretariat.

4.3.7 Constraints
The main constraints to achievement of the stated vision include:
•
•
•
•
•
•
•
•

Budget and funding limitations and technical backstopping for better use of water.
Absence of agreements among all Nile Basin countries.
Political stability between Nile Basin countries.
Climate changes and demography.
Unstable macro-economic conditions with each country.
Increased competition among water sectors.
World-wide trends and quality controls between developed and developing
countries (unfair competition)
Inequitable utilization of water.

The following should be done nationally and regionally to maximize the opportunity to
achieve the main Nile vision:
•
•
•
•
•
•
•
•
•

Transparency, political support and commitment.
The ‘Vision’ project for the Nile Basin.
Research and technology transfer between the basin countries.
International facilitation in different countries.
Institutionalisation and harmonization of legal aspects to set up monitoring system
for water or overuse of water resources.
Training among Nile River countries.
Nile River Basin conference series and initiatives.
General awareness between Nile countries.
Biotechnology and desalinization technology available to increase productivity.

4.3.8 Opportunities
•
•
•

Technologies for addressing these problems exist and may require adaptations to
the local conditions.
An institutional framework for addressing transboundary issues exists (the Nile
Basin Initiative -NBI).
Uganda has demonstrated that degradation of wetland ecosystem can be abated
through appropriate policy, creating awareness and promotion of practices that
enhance wise use of wetland resources.

In the Equatorial Lakes regions, the Nile Basin Initiative has identified watershed
degradation as a major problem and is proposing watershed improvement projects for
Malakisi-Malaba-Sio, Kagera and Mara river basins

4.4

Data, information and knowledge gaps

The main water related technical, economic, and institutional issues hindering fulfilment
of basin country basic needs and economic growth include: (i) stressed water
resources throughout the basin; (ii) fragmented rather than integrated approaches to
water management at the national level; (iii) lack of capacity in water resources
management and regional differences in capacity; (iv) inadequate access to safe
drinking water and sanitation facilities; (v) re-enforcing poverty and environmental
degradation; (vi) limited access to electricity; (vii) dominant use of water in the basin by
agriculture, yet food insecurity remains endemic; and (viii) ineffective sharing of water
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related information and exchange.
In fact, most of the technical data in all Nile basin countries are available such as,
meteorological, hydrological, water use, and food production. The corresponding data
could be found in the meteorological, hydrological departments in relevant ministries.
Data on food production could be found in ministries of agriculture. Environmental data
could be obtained from ministry of environment or department of environment in
ministries of water resources. Socio-economic data are available in ministries of labour,
economic and statistical departments or centres. Apart from the technical data, most of
other data could be found in the statistical yearbooks and Atlases of each country. As
far as research needs are concerned, many items should be highlighted as areas for
intensive research. Data, information and knowledge gaps in the Nile Basin are
highlighted below

4.4.1 Lack of capacity to manage water in an integrated manner
Most of the Basin countries are burdened by weak human and institutional capacity to
manage water resources in an integrated manner. This situation applies not only to the
management of international waters, as referred to earlier, but also to the management
of national waters. That is, water management within each country is still fragmented
between sectors, and there is little integration among various sectors of water use,
between water quantity and quality, and between surface and groundwater.

4.4.2 Uneven distribution of capacity within the basin
A central issue is that the water sector in the Basin is characterized by widely diverse
institutional capacities in the countries. The availability of water professionals, for
instance, varies from less than 100 in one country to several hundred in another.
Senior managers, trainers, and researchers are even fewer. Moreover, six of the ten
riparians have undergone significant civil strife, resulting in a vast backlog of waterrelated investments, inadequate infrastructure management, and a need for
institutional and human resource development. There is a great need for some of the
countries in the Basin to develop a strong cadre of trained professionals, while other
countries already have such a group.

4.4.3 Little interaction among water professionals in the basin
By its very nature, management of transboundary waters is a complex matter. In the
case of the Nile, collective or joint development of the Nile waters is made even more
difficult by the fact that there is limited trade and exchange among the riparian
countries. Political, economic, social, and cultural differences among the countries
pose a major challenge to such exchange. There are at best just a couple of efforts to
bring together water professionals in the basin on a periodic basis. The absence of
opportunities for exchange of experience among the Basin’s water professionals in
particular, and among people at large, has been a constraint to building a Nile water
fraternity that is aware of common concerns and is engaged in professional interaction
and joint problem-solving.

4.4.4 Food security
As the population and water use per capita increases, the water stress in the basin is
likely to intensify. Water stress leads to water competition, which might result in
conflicts and even war. Water resource use conflict in the Nile Basin is complicated by
the transboundary nature of the conflict, the water agreements made during the
colonial era and the perceived disparities in economic and infrastructure development,
political and religious orientation. The challenge lies in managing the water resources
in ways that reduce the water stress and in creating cooperation and economic
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development mechanisms that effectively manage the emerging conflicts. This calls for
providing answers and acting on the following issues, among others:
•
•
•
•
•

Considering that food insecurity is a major issue for most of the inhabitants of the
semi-arid and arid areas of Eritrea, Ethiopia, Kenya and southern Sudan, how can
water resource be better utilized to enhance food security in the region?
How can pro-poor water management practices should be promoted?
How can we increase the profitability of agriculture and encourage efficient use of
the scarce water resources?
How can water resources development promote better population distribution to
minimize over-population and associated resource degradation?
How can the additional labour be channelled to promote better water management
practices.

4.4.5 Transboundary cooperation
The water flow from where precipitation takes place to the sea, traverses land
managed and controlled by different communities or countries. The actions of the
communities in the catchment areas and the developers and users of the water
resources influence the quality and quantity of the water available to the downstream
communities. This transboundary character poses a considerable challenge to
achieving sustainable management of the water resources particularly when so many
different people with different ethnic, cultural, religious and economic backgrounds,
aspirations and expectations are involved. To many of these people, water is a
resource to contribute in alleviating poverty by providing enhanced food, power and
water security as well as employment. The main transboundary implications are
discussed here below.
(a) Partnerships in information generation and sharing
•

•
•

•

Data and information related to the transboundary aspects of water issues are
scarce. Environmental hot spots have not been clearly identified and their
transboundary and regional significance agreed on. This is compounded by the
insufficient understanding of the river basin dynamics and human responses.
Inadequate information exchange and knowledge sharing among and between key
stakeholders throughout the Basin. This is attributed to poor access to adequate
means of communications.
Lack of awareness and understanding of the transboundary environmental, social
and economic consequences of the decisions being taken over land and water
resource management in all of the riparian countries is a major barrier to
strengthening environmental management. Gaining a better understanding of the
complex interactions between these factors and the Nile Basin’s environmental
resources is critical to the design of effective remedial actions.
Inadequate understanding of the impacts of macro and sectoral policies of different
countries on the Nile Basin’s land and water resources.

(b) Partnerships in planning and translating plans into action
• Most problems associated with water management are of a transboundary
nature, and need a regional perspective for the identification of solutions. Hence,
inter-governmental cooperation in the development of the River Nile’s resources
provides opportunities for maximizing benefits from the river’s resources. The
countries of the Nile Basin have recognized these opportunities and are
developing a long-term legal and institutional framework that could enhance
energy availability, food production, transportation, industrial development,
environmental conservation and other related development activities in the
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•

•
•

•
•

•

•

•

•

•
•
•
•
•

region.
Continued unilateral country level water development of the tributaries of the
Nile River is likely to promote contention arising from the negative impacts of
such upstream developments to downstream countries. Hence, the need for
basin-wide water master plan.
Lack of institutional and technical capacity to perform adequate transdisciplinary
impact assessments for planned interventions can be addressed through
adequate regional cooperation and capacity building.
At national level, transboundary issues are given low priority particularly by
upstream riparian states. And hence the need to highlight the extraordinary
opportunity that basin-wide approach to water and environmental management
can bring to both upstream and downstream riparians states.
Degradation of land and water resources by poor people in the upstream
riparian states are quickly moved to downstream riparian states, thereby
making it a transboundary challenge.
Water is still viewed by many as a vehicle to alleviate poverty. The poor in the
upstream riparian states are urging their governments to develop irrigation
projects in their area. As more and more water is used upstream it may have
implication to the downstream riparian states.
Point and non-point source pollution crosses national boundaries and affect
downstream riparians. Of major concerns are (a) soil erosion and sediments
which accumulate in wetlands and reservoirs; (c) urbanization and
industrialization and associated chemical and biological pollution; (d)
agricultural intensification and increased use and improper application of
pesticides and fertilizers resulting to agricultural chemical pollution.
Invasive aquatic weeds such as water hyacinth have spread to many parts of
the Basin with negative ecological and economic impacts (impairing the
functions of natural ecosystems, threatening fisheries and interfering with
transportation). Inter-governmental cooperation is required in tackling such
invasive species at an early stage before the problems because unmanageable
and a major drain of limited donor support to the region.
Various ecosystems contribute to the stability, resistance and resilience of both
natural and human systems to stress. The ecological and economic role of vital
ecosystems such as forestland (water catchments and bio-diversity reserves)
and wetlands (maintain water quality by trapping sediment and retaining
nutrients and buffer floods and stabilizing micro-climates) should be well
understood or widely appreciated if conservation initiates are to take root.
Key plant and animal species often have habitats in adjoining countries,
requiring cross-border protected areas and other conservation measures for
effective management. For example, the Nile is a principal flyway for birds
migrating between central Africa and Mediterranean Europe, and Nile wetlands
in a variety of countries provide indispensable habitats for these birds.
Proliferation of water-borne diseases in the Basin can only be curbed through
cooperative initiatives of the Nile countries.
The nature and extent of the problems identified above and the hot spots is not
well established.
The negative impacts are not clearly understood nor are their cost implications.
Trade-off arising from different interventions has not been clearly identified.
The existing information and knowledge sharing needs to be strengthen to
facilitate greater stakeholder participation.

Indicators of the status of water resources and modifications of watersheds, wetlands,
rivers and groundwater.
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4.5

Nile basin research priorities

4.5.1 Integrated Water Resources Management
1. Improved management of extreme events (floods and droughts), and
uncertainty and risk associated with climatic change, trade, demographic, and
political factors.
2. Improved assessment, planning, development, and allocation of surface and
groundwater resources. Developing tools for water management decision
support systems and managing tradeoffs between different uses and users.
3. Enhancing water productivity through multiple uses and sources, including
marginal water use, and reducing losses.
4. Evaluation of the impact of agricultural and non-agricultural water uses on food
security and environmental safety.
5. Assessment of the impacts of water quality degradation on food security and
environmental safety.
6. Assessment of food security requirements in different parts of the basin and the
implication on water use efficiency and environmental safety.

4.5.2 Multiple Use of Upper Catchments
1. Protection of the ecosystems in upper catchments.
2. Prevention of both upstream and downstream degradation of water resources:
water hyacinth, water quantity, water quality, siltation, and erosion.
3. Study of risks associated with various land management scenarios and
evaluation of mutual effects between upstream and downstream users.
4. Opportunities for water resources development in: hydropower generation, flood
control, groundwater exploitation, distribution and utilization of water resources.
5. Promoting exchange of technical and institutional innovations, planning and
management information between stakeholders at all scales.
6. Impact of urbanization on water quality, and assessment of point and non-point
pollution sources.
7. Strategic and Spatial allocation of water among different uses and sectors, and
accounting for the existing/expected technological and management advances
to assess the trade-off between uses and users.
8. Study and evaluation of uncertainty, climatic change, extreme climatic events
(flood and drought), and assessment of their impacts on both upstream and
downstream users. Improved forecasting tools to reduce risks of damaging
floods and severe droughts.
9. Study of strengths and weaknesses of existing institutions, and identifying the
required institutional and policy measures for confronting the challenge and
potential institutional and policy measures for fostering win-win scenarios
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between stakeholders at all scales.
10. Evaluation of sensitivity and resilience of upper catchments to changes in land
and water management, and external shocks. This includes the impacts of
these changes on livelihood, food security, poverty alleviation, and well being of
upper catchment residents.
11. Participatory research approach to generalize experience from individual
catchments for global application.
12. Alternative methods for assessing potential improvement in upper catchments
land and water use, especially for large areas for which data is sparse and
given the prevailing political conditions, market conditions, and physical
resources.

4.5.3 Aquatic Ecosystems and Fisheries
1. Develop methods and tools to generate information on eco-system goods and
services for use by poor stakeholders. Expected uses and accessibility of such
information.
2. Assessment of monetary and non-monetary value of the goods and services
provided by the existing basin ecosystems. Assessment of the contribution of
these systems to household and community economies.
3. Assessment of factors that influence people's access to and control over
aquatic ecosystems.
4. Assessment of social and economic costs of the degradation of aquatic
ecosystems.
5. Assessment of water requirements for different types of aquatic ecosystems:
pattern and timing of water flow, water quality, sediment loading, and other
hydrological factors in a cost-effective matter.
6. Improved methodologies and understanding of specific requirements of the
coastal ecosystem.
7. Improved methodologies and understanding of specific requirements of the
riverine ecosystem. Study of patterns of river flow, habitat structure, and other
biophysical factors that are necessary to sustain river fisheries production at
certain levels.
8. Integration of fish production and harvest of other aquatic animals and plants
into farming and irrigation system to increase water productivity. New
technologies to help integrating fisheries into farming systems.
9. Comparison between monetary, social, and nutritional benefits of aquatic
ecosystems and those for crops and/or livestock.
10. Knowledge systems and capacity building networks to support development
and application of policies that integrate equitable and sustainable management
of aquatic systems within a multi-use, multi-user context.
11. Stakeholder participation in capacity building to better understand the
livelihoods of poor people and their use of aquatic ecosystems and their needs
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in policy development and governance processes.
12. Investigation of the types of governance systems that are capable of fostering
sustainable management of aquatic ecosystems.

4.5.4 The Global and National Food and Water System
1. The role of international and national institutions, agricultural research
organizations, civil society organizations, water user organizations, and NGOs
in building trust and credibility between key basin stakeholders, promoting
stakeholder participation in decision making, and preventing conflicts over water
resources.
2. Collaboration and linkages with other challenge programs, bio-fortification, subSaharan challenge program, Nile Basin Initiative (NBI), and ASARECA.
3. Enhancement of technical cooperation between Nile basin countries for water
use efficiency and financial cooperation to increased food production in the Nile
headwaters, by investing in high-yielding rain-fed crops.
4. Study of the impact of the GATT agreement on national food production policy
and water resources management. The impact of food safety regulations on the
food export from Nile basin countries.
5. Effect of food relief and subsidies from European countries on the sustainability
of food security and water conservation.
6. Impact of demographic dynamics, health and nutrition on productivity of labour,
use and productivity of land, and water resources within the basin.
7. Impacts of changes in the global water cycle due to global and national
economic growth and changing land and water use patterns on water and food
security, and impacts on food security and environmental safety. These include
impacts on the livelihoods of the poor, women, and the socially excluded.
Proposed policies, methods, cooperation, joint studies, and joint strategies
among Nile basin countries for coping with these changes.

4.5.5 Crop Water Productivity Improvement
1. Increasing rain-fed crop productivity in densely populated areas using different
irrigation management strategies, including supplementary irrigation, rainwater
harvesting, and groundwater utilization.
2. Improved irrigation water management practices to match water supply to field
water requirements. Develop tools to optimize water productivity. Improved
management will account for better management of the water system, control
structures, and return flows.
3. Capacity building of the national systems in modern irrigation technology, and
the study of socio-economic aspects that affect farmers adopting new
technology.
4. Develop sustainable strategies to improve crop water productivity in lands
suffering from water logging and salinization.

70

Baseline Report, Nile case

5. Breeding of new crop varieties that are tolerant to biotic and abiotic stresses,
including extended mild drought, short severe drought, and salinization.
6. Developing a participatory approach for farmers to select the appropriate
cropping pattern based on local and international market prices and the local
ecological conditions.
7.

Improved productivity in water scarce areas by making use of information
technology and crop production simulation models to analyze and predict crop
water productivity. Develop improved deficit irrigation management scenarios of
the trade-off between yield and water productivity to provide win-win situations.

.
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Appendix 1- Nile Agreements

Nile Agreements

Extracted from: http://www.internationalwaterlaw.org
The main Nile water agreements are:
1. Treaty between Ethiopia and the United Kingdom, relative to the frontiers
between the Anglo-Egyptian Sudan, Ethiopia, and Eritrea. Signed at Addis
Ababa 5 May 1902
2. Exchange of Notes between the United Kingdom and Italy Respecting
Concessions for a Barrage at Lake Tana and a Railway across Abyssinia from
Eritrea to Italian Somaliland. Signed at Romeo 14 and 20 December 1925
3. Exchange of notes between His Majesty's Government in the United Kingdom
and the Egyptian Government in regard to the use of the waters of the River
Nile for irrigation purposes. Signed 7 May 1929; in force 7 May 1929
4. Exchange of notes constituting an agreement between the Government of the
United Kingdom of Great Britain and Northern Ireland and the Government of
Ethiopia amending the description of the Kenya-Ethiopia boundary. Signed at
Addis Ababa 29 September 1949; in force 29 September 1949
5. Exchange of notes constituting an agreement between the Government of the
United Kingdom of Great Britain and Northern Ireland and the Government of
Egypt regarding the construction of the Owen Falls Dam. Signed in Uganda and
Cairo 30 and 31 May 1949; in force 31 May 1949
6. Exchange of notes constituting an agreement between the Government of the
United Kingdom of Great Britain and Northern Ireland and the Government of
Egypt regarding the construction of the Owen Falls Dam. Signed in Uganda and
Cairo 5 December 1949; in force 5 December 1949
7. Exchange of notes constituting an agreement between the Government of the
United Kingdom of Great Britain and Northern Ireland and the Government of
Egypt regarding the construction of the Owen Falls Dam in Uganda. Signed in
Cairo 16 July 1952 and 5 January 1953; in force 5 January 1953
8. Exchange of notes constituting an agreement between the Government of the
United Kingdom of Great Britain and Northern Ireland (on behalf of the
Government of Uganda) and of the Government of Egypt regarding cooperation in meteorological and hydrological surveys in certain areas of the Nile
Basin. Cairo, 19 January, 28 February and 20 March 1950; came into force on
20 March 1950, with effect from 1 March 1950. United Kingdom of Great Britain
and Northern Ireland, Uganda, on behalf of Egypt
9. Protocol to establish a tripartite standing committee on polluted waters. Signed
at Brussels, on 8 April 1950; Came into force on 8 April 1950. Belgium, France
and Luxembourg
10. Agreement (with Annexes) between the United Arab Republic and the Republic
of Sudan for the full utilization of the Nile waters. Signed at Cairo, on 8
November 1959; Came into force on 22 November 1959. 453 U.N.T.S. 63
(1963)
11. Protocol to the Agreement between the United Arab Republic and the Republic
of Sudan for the full utilization of the Nile waters concerning the Establishment
of the Permanent Joint Technical Committee. Signed at Cairo 17 January 1960;
in force 17 January 1960
12. Agreement on the Preparation of a Tripartite Environmental Management
Programme for Lake Victoria. Done in Dar-es-Salaam, 5 August 1994
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Projects in Nile Basin

This section documents past and on-going programmes and projects contributing to
land and water management in the Nile Basin. They are broken down into four
categories:
1. Programmes and projects that enhance cooperation among the states;
2. Programmes and projects involved in basin-level training, information sharing
and advocacy;
3. Programmes and projects involved in basin-level information generation and
capacity building; and
4. Programmes and
management.

projects

involved

in

national-level

land

and

water

A-2-1 Programmes enhancing cooperation of riparian states
A-2-1-1

Past Nile water agreements

Many negotiations have take place on the use of the Nile water resources and most
have been translated into water agreements (see Appendix 1) and treaties. Most of the
agreements took place when most of the countries were under colonial rule. The most
significant treaty is the Nile Water Agreement of 1959, which allocated 55.5 billion m3 to
Egypt and 18.5 billion m3 to the Sudan. Other important treaties are those that govern
the construction of major dams and irrigation projects. Some of the weaknesses of
these agreements include:
1. Many agreements were signed during the colonial era and hence are perceived
by some as a colonial imposition that needs to be reviewed;
2. Many of these agreements do not include any monitoring provisions, do not
delineate specific allocations, and have no enforcement mechanism; and
3. International law on water is poorly developed, and only concerns itself with the
rights and responsibilities of states.
More recent agreements have focused on cooperation in sharing the water resources
and in promoting socio-economic development in the basin.

A-2-1-2

Laying the Foundation for cooperation: TECCONILE

Following a series of consultations with Nile basin countries, the ministries responsible
for water affairs met in Kampala in December 1992 and approved the establishment of
TECCONILE (Technical Cooperation Committee for the Promotion of the Development
and Environmental Protection of the Nile Basin). TECCONILE aimed to contribute in
the development of the Nile Basin in an integrated and sustainable manner through
basin-wide cooperation and the determination of equitable sharing of its waters. The
objectives were to (a) develop infrastructure, techniques and build capacity for the
management of water resources; and (b) formulate national master plans and integrate
them into a Nile Basin Action Plan.
TECCONILE became operational on 1 January 1993 with the signing of the Agreement
by Ministers from Egypt, Sudan, Rwanda, Tanzania, Uganda and Zaire. The
organisational structure of TECCONILE consisted of the Council of Ministers of water
affairs (COM) as the highest authority, a Technical Committee (TC) of experts
appointed by respective governments, and a Secretariat. The main achievements were:

75

Baseline Report, Nile case

Appendix 2- Project Initiatives

1. Preparation of water resources atlas of the River Nile Basin consisting of: Base
maps and satellite images; Drainage of the basin; Transportation networks;
Population distribution and centres; Average annual precipitation; and
Topography of the basin;
2. Development of the Nile River Basin Action Plan consisting of 22 projects on:
planning and integrated management of water resources; institutional
strengthening and development of human resources; a regional co-operation;
protection and improvement of the environment;
3. Training staff of TECCONILE and of member countries’ water resources
agencies in Geographical Information Systems (GIS), Hydrological Modelling
and Monitoring, Forecasting, and Simulation system for the Nile;
4. Organising Nile 2002 Conferences; and
5. Establishment of NILE-HYCOS in collaboration with WMO.

A-2-1-3

The UNDP Nile River Basin Project

The UNDP initiated a project executed by the United Nations Office for Project
Services (UNOPS) to develop a framework for basin-wide cooperation of the Nile basin
countries in their endeavours to promote integrated water resources planning and
management. The long-term objective was to pave the way for the Nile River Basin
countries to achieve milestones which would determine net equitable entitlements for
each riparian country for the use of the Nile waters and therefore to enhance and
promote the utilisation of the Nile waters for optimum sustainable socio-economic
benefits for the inhabitants of the Basin.
Emphasis was placed on the processes, ways and means to achieve equitable and
legitimate use of the Nile River Basin water resources. Each Minister of Water
Resources of the Nile Basin Countries appointed three Panel of Expert (POE)
members, who collectively form the forum for dialogue on the development and design
of the Cooperative Framework. The Panel of Experts formed two study teams to
address legal/institutional and data/information issues. The Panel of Expert has held
meetings in Tanzania, Kenya, Egypt, Uganda and Sudan. The results of various
consultations and Panel of Experts studies were compiled into a draft Cooperative
Framework which encompasses general principles, rights and obligations, and
institutional structure. The process is continuing in an effort to resolve remaining issues
and those that will emerge in the future.

A-2-1-4

The Nile Basin Initiative

After successful implementation of the TECCONILE project, the Nile countries
ministers in charge of water affairs agreed to expand the mandate of TECCONILE and
therefore launched a new transitional institutional mechanism under the name Nile
Basin Initiative (NBI), in February 1999. This is considered to be a transitional
arrangement until a permanent legal framework is put in place. The NBI member states
are Burundi, Democratic Republic of Congo, Egypt, Ethiopia, Kenya, Rwanda, Sudan,
Tanzania and Uganda.
Goal and objectives of NBI
The NBI aspires to foster cooperation and sustainable development of the Nile River
for the benefit of all. Its goal is: “to achieve sustainable socio-economic development
through the equitable utilisation of, and benefit from, the common Nile Basin water
resources.” The primary objectives of the NBI are:
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1. To develop the water resources of the Nile Basin in a sustainable and equitable
way to ensure prosperity, security, and peace for all its peoples;
2. To ensure efficient water management and the optimal use of the resources;
3. To ensure cooperation and joint action between the riparian countries, seeking
win-win gains;
4. To target poverty eradication and promote economic integration; and
5. To ensure that the program results in a move from planning to action.
Institutional aspects
Like the predecessor, TECCONILE, the NBI organizational structure comprises of a
Council of Ministers responsible for water affairs (Nile -COM), a Technical Advisory
Committee (Nile-TAC) with representatives form each country, and a secretariat. NileCOM is the highest decision-making organ. Its chairman is rotated annually. The
Council is supported by the Nile-TAC, which is made up of technical experts from the
member countries. The NBI secretariat (Nile-SEC) is based in Entebbe, Uganda. The
Secretariat provides administrative, financial and logistical support and services to NileTAC and the Nile-COM and is responsible for the co-ordination and monitoring of the
Shared Vision Program working groups and Subsidiary Action Programs.
International Consortium for Cooperation on the Nile (ICCON) is a unique forum,
convened by the World Bank at the riparians states’ request, and is envisioned as a
long-term partnership of the riparian states and the international community (which
currently includes CIDA, UNDP, World Bank, Denmark, Finland, Germany, Italy, the
Netherlands, Norway, Sweden, the United Kingdom, United States of America, UNEP,
FAO and GEF). The objective of the ICCON is to seek coordinated and transparent
support for enhancing cooperative water resources development and management.
NBI Strategic Action program
The NBI plans to implement projects, in partnership with member states that will
contribute to strengthening the cooperation mechanism and to long-term sustainable
development, economic growth and regional integration. This will be achieved through
the implementation of two complementary sub-programs: The Shared Vision Program
(SVP) and the Subsidiary Action Program (SAP).
The SVP will contribute in the creation of an enabling environment for investments and
action on the ground and will promote the shared vision through a set of effective
basin-wide activities. The Shared Vision Projects will be Power Forum, Water
Resources Management, Environment, Agriculture, Applied Training, Benefit Sharing
and Communications with the Project Management Units in Tanzania, Ethiopia, Sudan,
Kenya, Egypt, Uganda and the Nile-SEC HQ respectively. An initial set of seven basinwide SVP projects has been endorsed by Nile-COM and their project documents
prepared. They include: environmental action (see Appendix 3), power trade, efficient
water use for agriculture (see Appendix 3), water resources planning and management
(see Appendix 3), communications, applied training, and socio-economic development
and benefit sharing.
SAP plan and implement action on the ground at the lowest appropriate level. They will
comprise actual development projects at sub-basin level, involving two or more
countries in order to address the challenges of regional co-operation and development
opportunities with transboundary implications. Two groups of countries have been
formed to investigate the development of investment projects on the Nile Basin. These
are the Eastern Nile Group (ENSAP), which includes Egypt, Sudan and Ethiopia; and
the Nile Equatorial Lakes Group (NELSAP) comprising Uganda, Tanzania, Kenya,
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Rwanda, Burundi and the Democratic Republic of Congo. Subsidiary Action Programs
project possibilities include:
1. Generic water resources management project which would include: water
supply and sanitation; irrigation and drainage development; fisheries
development; hydropower development and pooling; watershed management;
sustainable management of wetlands and biodiversity conservation; sustainable
management of lakes and linked wetland systems; river regulation; flood
management; desertification control; water hyacinth and weeds control;
pollution control and water quality management; and water use efficiency
improvements;
2. Infrastructure project which would include: Regional energy networks, including
power interconnection and gas pipelines; Telecommunication development; and
Regional transport, including: railway and road networks; river and marine
navigation; and aviation;
3. Trade and industry project which would include: promotion of trade (including
border trade); industrial development; regional tourism development; promotion
of private investment and joint ventures; marketing and storage of agricultural
products; and forest crop harvesting; and
4. Health, environment, other project which would include: malaria and other
endemic diseases control; protection of wildlife; environmental management;
disaster forecasting and management

A-2-1-4

Lake Victoria Development Programme

The East African Community (EAC) was established to develop policies and programs
aimed at widening and deepening co-operation among partner states (Kenya, Tanzania
and Uganda) in the political, economical, social and cultural fields; research and
technology; defence, security and legal and judicial affairs. EAC is formulating the Lake
Victoria Development Program (LVDP) to provide the institutional framework for
cooperation in the joint and efficient management and sustainable utilisation of natural
resources for the coordinated management of the Lake Victoria Basin. Under this
programme, the partner states have agreed to:
1. Assist the EAC in the formulation of policies to guide activities relevant to
sustainable development of the Lake Victoria Basin;
2. Assist in the mobilization of resources for the implementation of identified
programs;
3. Assist the efforts of the EAC in exploiting the opportunities for development in
the Lake Zone;
4. Assist the EAC in building capacity through the development and strengthening
of local institutions and organizations concerned with the sustainable
development of Lake Victoria Basin; and
5. Promote coordination of the development efforts undertaken by the established
actors/institutions within the Partner States or with an interest in supporting the
development of the Lake Victoria Basin.

A-2-2 Training, Information sharing and advocacy
A-2-2-1

Nile conference 2002

Nile - 2002 is a series of conferences held annually in different countries of the Nile
Basin. The conferences provide an informal mechanism for dialogue and exchanges of
views among the basin and international participants. The conferences address issues
raised by people and institutions interested in fostering sustainable development of the
Nile River water resources.
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Lake Victoria Training Program

Lake Victoria and many smaller freshwater bodies (lakes, wetlands, rivers) in East
Africa are under considerable pressure from human activities. Over-fishing, introduction
of exotic species, siltation, solid waste and industrial pollution and eutrophication all
contribute in ways that seriously threaten both the aquatic ecosystem and overall
diversity and distribution of fish. Lake Victoria Training Programs aims at building
professional capacity of those involved in aquatic research, monitoring of lake
ecosystems health and resources management and conservation of biodiversity
through post-graduate training. The training program is based on the IDEAL focus i.e.
limnology, ecology, environmental quality, biodiversity and land-use analysis at
catchment/watershed level.

A-2-2-3

International Association of the Basin of the Nile

The International Association of the Basin of the Nile (INBA) is an NGO which aims to
contribute to enhancing information exchange and the availability and reliability of data
on water resources of the Nile river basin. This association complements initiatives of
governmental, intergovernmental, multilateral or similar international organisations. The
INBA is specifically aimed to assist in providing the necessary medium and facilities for
interested parties to access data and information on the current thinking, technologies
and developmental issues of water resources of the Nile river basin.

A-2-2-4

Nile Basin Society

The Nile Basin Society is an information-sharing network, which aims at promoting
sustainable equitable water resources development of all Nile riparian countries
through basin-wide cooperation. This is achieved through open discussions and
sharing of information concerning Nile politics and environmental issues. The issues
covered include: Environmental impact assessment (EIA) of land and water resource
projects in the Nile Basin; the politics of Nile waters and the potential of conflict and
efforts at conflict resolution; quality and quantity of the Nile waters; Official
Development Aid (OAD) for projects related to water and agricultural land resources
development projects along the Nile; history and geography of the Nile; the effects of
global warming and El-Niño on the Nile water; international law and the Nile; book and
Web sites reviews; and improving access of articles published in National and
international media.

A-2-2-5

Green Cross International

Green Cross International (GCI) is an international NGO whose goal is to help create a
sustainable future by cultivating harmonious relationships between humans and the
environment. They are assisting partners in the Nile Basin find cooperative solutions to
existing and potential freshwater conflicts.

A-2-3 Information generation and capacity building
A-2-3-1

National Oceanic and Atmospheric Administration

The National Oceanic and Atmospheric Administration (NOAA) collects remote sensing
data on a regular basis. These data have been used the Monitoring, Forecasting and
Simulation project (MFS) of the Nile basin executed by FAO. The project has
developed a Nile Forecasting System (NFS) for use in river forecasting. FAO and
NOAA are providing training in river forecasting, satellite precipitation estimation,
hydro-meteorological forecasting, and software development to the Nile water
managers. It should be pointed out that the NBHIS at the NFC does not provide
sufficient data for the time being to address and discuss issues such as: the role of the
dynamic process of evapotranspiration versus multi-year storage in the Equatorial
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Lakes and White Nile marshlands (i.e., is the water lost or is it in storage?); the
estimation of open channel losses to evaporation in the multitude of Nile River
channels through semi-arid and arid areas; the groundwater recharge regions
throughout the White and Blue Nile; and the influence of soil structure and land use on
runoff production. The analysis of these issues is essential to obtain a comprehensive
hydrological picture and water balance along the Nile River. The model is based on
surface runoff data, its spatial and time relationships, and the relationship between
rainfall and runoff (Slovenian, 2000).

A-2-3-2

Hydromet Survey

The World Meteorological Organization (WMO) and the governments of Burundi, Egypt,
Kenya, Rwanda, Sudan, Tanzania, Uganda and Zaire, and Ethiopia initiated a
Hydromet Survey Project in 1967. The objective of the project was to undertake
Hydrometeorological survey of catchments of Lakes Victoria, Kyoga and Albert in order
to study the water balance of the Upper Nile. The project established an integrated and
coordinated system of data collection and processing. The data and information
generated were expected to assist in planning water conservation through an
intergovernmental cooperation for the storage, regulation and use of the Nile.

A-2-3-3

FRIEND/Nile Project

UNESCO's International Hydrology Programme implements a project “Flow Regimes
from International Experimental and Network Data” (FRIEND) in partnership with the
participating countries. They launched the FRIEND Nile Project in March 1996 and
established its coordination centre at the University of Dar-Es-Salaam, Tanzania. The
project aims to achieve a better and more comprehensive understanding of the
hydrological processes in all basins in the Nile countries. During the period 1997 to the
year 2000, the project concentrated on: (a) formation of a regional database; training
and Capacity Building; and undertook research on sediment transport and watershed
management, flood frequency analysis, rainfall runoff modelling and drought and low
flow analysis.

A-2-3-4

FAO Nile Basin Water Resources Project

FAO in partnership with the Governments of Burundi, D. R. Congo, Ethiopia, Kenya,
Rwanda, Sudan, Tanzania and Uganda have been implementing Nile Basin Water
Resources Project. The project aims at strengthening regional co-ordination and at
increasing the capacity by Nile Basin countries to negotiate joint management,
equitable sharing and utilisation of water resources and environmental protection of the
Nile basin. The project is coordinated through the Project Headquarters, based in
Entebbe, Uganda and implemented at national level through National Coordinators and
Focal Point Institutions. The main project’s outputs are:
1. Establishment of a comprehensive geo-referenced database in each country for
its respective portion of the Nile Basin area and thus for the Nile basin as a
whole;
2. The assessment of the existing data and information gaps in the Nile Basin,
identification of an ‘optimal’ water resources monitoring network and
implementation of a transboundary water resources monitoring network in the
basin in an effort aimed at initiating the long neglected process of building up
and expanding the monitoring network;
3. Development of a prototype water resources management decision support tool
(Nile-DST) and demonstrating its utility in examining benefits and tradeoffs
between various potential water uses and water management scenarios; and
4. Training through specialised training courses, seminars and workshops aimed
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at establishing an adequate knowledge-base needed for (a) sustaining and
expanding the monitoring network, the geo-referenced data base and Decision
Support Tools; and (b) strengthening the expertise and know-how in
international water law, international river basin organisations, regional
cooperative frameworks and conflict resolution.

A-2-3-5

FAO Lake Victoria Water Resources Project

FAO and the Governments of Kenya, Tanzania and Uganda are implementing a project
“The Lake Victoria Water Resources Project” (LVWRP) aimed at developing
mathematical models, decision support tools and a water resources information
systems for the Lake Victoria basin. Lake Victoria decision support system has been
developed through a collaborative effort of FAO and the Environmental Hydraulics and
Water Resources Group at the Georgia Institute of Technology, in Atlanta, Georgia.
The project also aspires to contribute in the formulation of a coordinated and mutually
agreed upon management strategy for the Lake, and promote the institutional process
that enhance cooperation and interaction in the management of water and other natural
resources of the Lake.

A-2-3-6

ICARDA

The population, expected to reach 70 million by the turn of the century, is projected to
reach 100 million by 2025. As the population of Egyptians increases, the per capita
water supplies are declining, and use must be made of more land not historically used
for agriculture. Will there be enough water? Will there be enough land? ICARDA and
the Egyptian Government (Ministry of Agriculture, Agrarian Reform and Land
Reclamation (MOA)) are working together to address issues of land and water scarcity
resulting from land and water resources degradation and increasing population.

A-2-3-7

ICRAF

ICRAF is involved in cooperation with national institutions in technology-generating
research projects and training programs through the Agro forestry Research Networks
for Africa (AFRENA). It is also actively involved in watershed management activities in
the Lake Victoria sub basin and in Ethiopian highland sub basin of the Nile.

A-2-3-8

RELMA

RELMA is a regional programme of the Swedish International Development Agency
(Sida) established to address issues of food security in Eastern Africa (Eritrea, Ethiopia,
Kenya, Uganda, Tanzania, and Zambia). RELMA aims at focusing on the productive
potential of the farm in land husbandry, including aspects of soil and water
conservation, agro forestry, animal and crop husbandry, water harvesting, and farm
economy and marketing. Activities include dissemination of information, production of
publications, training, institutional capacity-building, networking, and manpower
development.

A-2-3-9

FAO’s Special Program for Food Security

FAO’s Special Program for Food Security aims at creating enabling conditions,
improving access to food, producing food, increasing the role of trade, dealing
adequately with disaster, and investing in food security. This is done through (a)
participatory constraints analysis and resolution, (b) agricultural policy reform aimed at
addressing macro-level socio-economic and institutional constraints, and (c) an
investment program that ensures availability of the resources required to overcome
infrastructure constraints.
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FEWS NET

In 1986, the United States Agency for International Development (USAID) established
the Famine Early Warning System (FEWS) in an effort to prevent the future occurrence
of such a catastrophe. The mission of FEWS was to lower the incidence of droughtinduced famine by providing timely and accurate information regarding potential famine
conditions to decision makers. This information is expected to enhance the ability to
address food shortages and other causes of food insecurity before they reach a critical
state. In July of 2000 these operations became known as the Famine Early Warning
System Network (FEWS NET) with an added objective of helping establish more
effective, sustainable, and African-led food security and response planning networks
that reduce the vulnerability of at-risk groups, including risk from both famine and flood
situations. NASA and NOAA are responsible for the collection and processing of
satellite data that provide the spatial coverage and temporal frequency necessary for
monitoring both vegetation condition and rainfall occurrence throughout the entire
African continent.
The USGS/ EROS Data Center developed FEWS NET hydrological model to provide a
continuous simulation of stream flow, on a daily time step, for approximately 5600
basins on the African continent. The model is a physically-based catchment scale
hydrologic model (semi-distributed hydrologic model). It consists of a GIS-based
module used for model input and data preparation, and the rainfall-runoff simulation
model. The rainfall-runoff model is comprised of a soil water accounting module that
produces surface and sub-surface runoff for each sub-basin, an upland headwater
basins routing module, and a major river routing module.
The USGS/ Earth Resource Observation System (EROS) Data Center has developed
a water requirement satisfaction index (WRSI) model to provide an indication of a
specific crop's potential performance based upon the availability of water during its
growing season. The model considers the water supply that is available to a crop,
through both rainfall and moisture already in the soil, and compares that to the water
requirements of the crop during the growing season to determine if there is adequate
moisture available to a crop, during the growing season, for it to produce an adequate,
or typical, yield. The model's output provides decision makers with an indication, during
the growing season, of the potential crop condition at the end of the season and hence
providing additional information that can guide the response to the predicted food
situations in different areas.
FEWS NET is also providing information on land use and cover changes. This
information is helping in answering questions such as how are the natural and human
landscapes changing, what are the rates and magnitudes of change, what are the
causes of change and what impacts are the changes having?

A-2-3-11

Lake Victoria Environmental Management Project

The Lake Victoria Environmental Management Project (LVEMP) is a project
implemented by the Governments of Kenya, Tanzania and Uganda with financial
support from the Global Environmental Facility, the World Bank, the European Union
and other bilateral programmes. It addresses the problems related to the increasing
population pressure and socio-economic activities and the associated changes in land
use, water quality, biodiversity, wetlands and fisheries. The programme uses a
multidisciplinary, multisectoral, comprehensive and holistic approach to promote the
rational and sustained development and utilization of the Lake Victoria ecosystems.
The objectives of the programme are to:
1. Maximise the sustainable benefits to riparian communities from using resources
within the basin to generate food, employment and income, supply safe water,

82

Baseline Report, Nile case

Appendix 2- Project Initiatives

and sustain a disease-free environment; and
2. Conserve biodiversity and genetic resources.
The project is putting a lot of emphasis on the restoration and preservation of the rich
native species complex, a well-managed fishery, sustainable agricultural and industrial
practices in the catchment, conserved wetlands and littoral areas and an integrated
environmental management plan for the lake basin as a whole.

A-2-3-12

Snowy Mountains Engineering Corporation

The Snowy Mountains Engineering Corporation has developed Basin-wide models for
use in studying the impacts of alternative strategies of developing the water resources
in the basin. The suite of models consists of modules for the estimation of catchment
daily discharges, the combined operation of the three equatorial lakes, and the routing
of the discharge down the Nile between them using a one-dimensional unsteady flow
model. (http://www.smec.com.au/technical/water/rbm.htm).

A-2-3-13

NileSim - Maryland University

NileSim program is a Windows-based graphical simulator of the complete Nile River
Basin developed principally for the purpose of explaining complex river behaviour and
management to non-technical people. The tool supports interactive experimentation by
simulation to enable the Nile River Basin managers learn by observation how various
interventions affect the hydrology of the basin. The simulator is based on a detailed
description of the physical hydrology of the river system. River discharge as a function
of time is tracked at a discrete number of points within the river network. Its output
reproduces the descriptive statistics of observed hydrographs, reservoir levels, and
travel times of flood waves along river reaches. Typical output include: (a) monthly and
annual total reservoir volumes for Lake Nasser and the Roseires dam; (b) monthly and
annual total reservoir volumes for proposed dams at Lakes Edward and Victoria; (c)
monthly and annual flow rates at Lakes Edward, Victoria, and Albert, the Semliki river,
el- Sudd, and confluences with the Achwa, Sobat, Atbara, Bahr el-Ghazel, and Blue
Nile Rivers; and (d) monthly water uses in upper Egypt and delta distributaries, canals,
and rayahs.

A-2-3-14

NILE-HYCOS - WMO

The World Hydrological Cycle Observing System (WHYCOS) is a project of WMO
which aims to provide a scientific basis for water resources monitoring and assessment.
It promotes integrated water resources development and management at local,
regional, national and international levels. WHYCOS is made up of electronically
interconnected regional Hydrological Cycle Observing System (HYCOS)
subcomponents and the Nile-HYCO is one of the components. The Nile-HYCOS is
supported by the national hydrological services within the region. The national
hydrological authorities are voluntary partners with sovereignty over all data and
information they generate.

A-2-3-15

Nile Basin Management Decision Support System

Georgia Institute of Technology has developed a decision support tool to provide for
equitable and sustainable water-resources management. The tool, Georgia Tech - Nile
Basin Management (GT-NBM), is a comprehensive decision support software
comprising of five major model groups: (1) models related to the management of the
High Aswan Dam, (2) models of the Equatorial Lakes, (3) models of the White Nile, (4)
models of the Blue Nile, and (5) models of the entire Nile system. The core of GT-NBM
are the hydrologic forecasting and simulation modules together with the associated
databases. These modules predict the response of the Nile to various hydrological
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inputs. Another set of modules quantify the value of water availability to agriculture,
hydropower, ecology, and the human cultures that depend on it. These modules
develop economic as well as social measures to implement decision processes for
reservoirs, irrigation areas and power systems. The decision modules derive multiobjective trade-offs that provide integrated impact assessments useful to the Nile
stakeholders in making decisions or establishing water use agreements. The Decision
Support System is currently based at the Nile Forecast and Control Centre of the
Ministry of Public Works and Water Resources in Egypt. It has been applied as a
decision support tool for the Aswan High Dam, for the equatorial lakes and the White
Nile (See Appendix 4).

A-2-3-16

UNEP –GRID

The issue of freshwater is one of highest priority for the United Nations Environment
Programme (UNEP). One of the initiatives, UNEP/DEWA/GRID-Geneva has
undertaken several case studies stressing a river basin approach to the integrated and
sustainable management of freshwater resources. In addressing trans-boundary water
issues, GRID-Geneva started a project on Water Sharing in the Nile River Basin to
prepare an experimental methodology to identify the potential water-related issues in a
watershed. The first stage of the project consisted of the compilation of available georeferenced data sets for the Nile River Basin.

A-2-4 Country level projects
A large number of projects are being implemented in the basin at national and local
level. In some cases not all of them work exclusively in river basins belonging to the
Nile Basin.

A-2-4-1

National Irrigation Coordination in DR Congo

The Democratic Republic of Congo is implementing a project “Institutional Support to
the National Irrigation Coordination Unit”. Its overall goal is to increase agricultural
production through irrigation development and its efficient management. Specific
objective is to promote and coordinate irrigation development through the following
activities:
1. Develop a basic data bank on water resources and exchange information with
other countries;
2. Institute a water management policy and formulate a national irrigation strategy;
3. Organize WUAs and ensure their training; and
4. Develop and implement capacity-building programs for government personnel
and farmers.

A-2-4-2

National Rice Program – DR Congo

The National Rice Program of the DR Congo is supported by UNDP/FAO and the
government. The project is working with farmers to develop irrigated rice cultivation on
about 2,300 ha. To enhance the success of the project and its replicability, they use
simple and small-scale irrigation projects. These projects are planned, development
and managed by farmers’ water users associations and the local communities assume
leadership in the development of irrigation infrastructure and its subsequent
management.

A-2-4-3

Irrigation Improvement Project - Egypt

The Government of Egypt has been implementing the Irrigation Improvement Project
with support from USAID and the World Bank. The project goal is to improve water use
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efficiency in irrigated agriculture and increase crop production. This is achieved by:
1. Promoting WUAs for collective pumping and efficient use of irrigation water;
2. Rehabilitating tertiary level irrigation infrastructure;
3. Improving water delivery from the main irrigation system; and
4. Institutionalizing a new government agency, Irrigation Advisory Service, to
provide irrigation extension to the farmers and their WUAs.

A-2-4-4

Rehabilitation of Pump Irrigation Schemes - Sudan

The Ministry of Agriculture and Forestry of Sudan is implementing a project on
“Rehabilitation of Pump Irrigation Schemes”, co-financed by IFAD. Primary objective of
the project is to rehabilitate the pump irrigation schemes, initially owned and operated
by the government, and now turned over to farmers’ associations.

A-2-4-5

River Basin Management and Irrigation Project - Tanzania

The government of Tanzania is implementing a project “River Basin Management and
Small-holder Irrigation Improvement” co-financed by the World Bank. The project
objectives are:
1. Strengthen government capacity to manage water resources in river basins;
2. Improving stakeholder participation in Basin Water Boards;
3. Improve water use efficiency through improved performance of small irrigation
schemes;
4. Increase crop yields and raise farmers income; and
5. Promote farmers’ participation in the development, implementation, and
management of irrigation schemes.

A-2-4-6

Participatory Irrigation Development Program - Tanzania

The government of Tanzania is implementing a project “Participatory Irrigation
Development Program”, co-funded by IFAD. It aims to:
1. Enhance government institutional capacity in irrigation development;
2. Promote farmers’ organizations and increase their capacity for managing
irrigation; and
3. Promote private sector involvement in irrigation development.

A-2-4-7

National Wetlands programme - Uganda

The government of Uganda in collaboration with IUCN is implementing the National
Wetlands Programme. Wetlands (swamp forests, papyrus and grass swamps, upland
bogs, shallow lakes and rivers) occupy 13% of Uganda’s total area. In 1986, the
government recognized the importance of and threats on wetlands and in 1989
established the National Wetlands Programme to assist in the development of policy
and to seek alternatives to unsustainable use of wetlands. The National Wetlands
Programme is guided by a multi-sectoral, inter-ministerial committee comprising of 16
government departments. The goal of the programme is to sustain socio-economic and
biophysical values of wetlands for present and future generations. The main
programme activities are development of policy and legal instruments, training,
demonstrating wise use of wetland resources, raising awareness, planning, monitoring
and research.
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Small-Scale Irrigation Development - Uganda

The Government of Uganda is implementing a project “Small-Scale Irrigation
Development”, co-financed by FAO. The project goal is to increase agricultural
production by developing small-scale irrigation. The project focuses on demonstrating
how local communities can take leadership in developing, operating and maintaining
small-scale irrigation schemes.

A-2-4-9

Olweny Swamp Rice Irrigation Project - Uganda

The National Wetlands Program and the IUCN are implementing a project “Olweny
Swamp Rice Irrigation Project”, with financial assistance from the African Development
Bank. The project is demonstrating to the local communities ways to develop and
utilize wetlands in a sustainable manner. The project actively involves local people,
especially women groups, in cultivating irrigated rice in small wetlands.
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Nile basin Initiative Projects

A-3-1 Summary of Projects
A-3-1-1

Water Use in Agriculture

A project entitle, “Enhanced Agricultural Productivity through Rainwater Harvesting,
Small Scale Irrigation and Livestock Management” has been formulated. The objective of
the project is to improve the productivity of small-scale agriculture and animal industry
through a program coordinated across the participating Nile Equatorial Lakes countries to
improve and develop water use. The project seek to create a favourable environment for
private sector involvement in small-scale irrigation development by investing in participatory
development of water harvesting/water conservation techniques, small-scale irrigation and
livestock management in combination with agricultural extension for subsistence low-output
farming in each country.

A-3-1-2

Sustainable Management and Conservation of Lakes

A project entitled “Fisheries Project for Lake Albert and Lake Edward” has been formulated
to establish a sustainable framework for the joint management of the fisheries in Lake Albert
and Lake Edward to improve the living condition of the people and to protect the
environment. The project components are: (1) a research component (inventory of fish
biodiversity and identification of issues affecting continued viability of fish biodiversity); (2) a
fishery management component (addressing environmentally and socially sustainable
management of fish species as the basis of the subsistence and commercial fishery in the
Lake); and (3) a micro-projects component (small scale investments at community level to
address catchment management, water hyacinth control, access roads, water supply and
sanitation issues).

A-3-1-3

Watershed Management

Three projects have been formulated in watershed management under the Nile Equatorial
Region strategic Action Plan (NELSAP). The project “Development of a Framework for
Cooperative Management of the Water Resources of the Mara River Basin” aims at
establishing a sustainable framework for the joint management of the water resources of the
Mara River Basin, in order to prepare for sustainable development oriented investments to
improve the living condition of the people and to protect the environment. The project
includes a comprehensive study of integrated water resources management options for the
Mara River Basin and capacity building in transboundary water resources management (The
Mara river basin is shared between Tanzania and Kenya).
The project “Kagera River Basin Integrated Water Resources Management” aims to
develop tools and a permanent institution for the joint, sustainable management of the water
resources in the Kagera River Basin in order to prepare for sustainable development
oriented investments through improvements of the living conditions of the people and to
protect the environment. The project includes the development of a joint strategy, water
allocation scenarios and capacity for the optimal use of scarce water resources (The Kagera
river basin is shared by Burundi, Tanzania, Rwanda and Uganda).
The project “Development of a Framework for Cooperative Management of the
Malakisi- Malaba-Sio River Basins” aim at reversing the environmental degradation trends
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in the catchments by supporting the rural communities in adopting appropriate technologies
in catchment management. This will include the development of a joint integrated
management strategy for the three watersheds identifying investments that lead to economic
benefit for the rural communities reduce environmental degradation as well as build capacity
at the responsible national and joint institutions. Micro-project activities would include
domestic and livestock water supply. (The Malakisi-Malaba-Sio river basin is shared by
Uganda and Kenya)

A-3-1-4

Water Hyacinth and Water Weed Control

A project entitled “Water Hyacinth Abatement in the Kagera River Basin” has been
formulated with the objective of eliminating adverse effects on environment, health and
socio-economic activities, caused by water hyacinth infestation, by reducing to manageable
levels the infestation of water hyacinth in the Kagera River basin. The project will implement
biological and physical Water Hyacinth control activities in the Kagera River basin; establish
capacities at national and community levels, manage weed infestations and facilitate
exchange of information and experience with control measures.

A-3-1-5

Hydropower

Hydropower projects that focus on hydropower development, power trade and power interconnection have been formulated. The Long-term objectives of the hydropower program are:
Regional economic development and improved quality of life through provision of ample
power supply at reasonable prices; Increased regional power supply in the Nile Equatorial
Lake (NEL) Region by improving export/import capabilities between Nile Equatorial Lake
member countries and Improved reliability of power supplies and the quality of power
delivered through interconnecting the currently isolated networks in each country.
A project entitled “Rusumo Falls Hydro-Electric Power Development, HEP” has been
formulated to supply new energy and capacity to the existing power grid based on renewable
hydropower energy, to foster international cooperation in hydropower project development,
and to electrify new areas and improve regional power supply reliability by interconnecting
the power networks of DRC-East/ Burundi/ Rwanda and the national network of Tanzania.
The project consists of construction of a small dam, a reservoir, a 40-60 MW hydropower
station at the Rusumo Falls on the Kagera River, and the building of transmission lines to the
riparian countries.
A project entitled “Ranking and Feasibility Study of HEPs in the NEL Region” has been
formulated to rank proposed hydropower development options larger than 50 MW with a
view to supplying the future interconnected transmission system of the NEL region, to
update the costs of past studies and project proposals, and determine a common ground for
comparing projects and to provide sufficient documentation enabling financing, licensing,
procurement and construction of one or more hydropower projects having benefit to more
than one NEL country.
A project entitled “Interconnection between Kenya and Uganda” aims to strengthen the
existing interconnection between Kenya and Uganda to permit the export of more power
from Uganda to Kenya after the Bujagali HEP come into operation.
A project “Interconnections between Burundi, DRC and Rwanda” aims to interconnect
Mugomba in DRC with Gisenyi in Rwanda and Ruzizi II with Bubanza in Burundi to permit
power exports from Mugomba and the Ruzizi schemes.
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A project entitled “Interconnection between, Burundi and Rwanda” aims to strengthen the
interconnection between Kigoma in Rwanda and Rwegura in Burundi to supply both
extremities of the existing lines, as well as to provide grid power to Butari in Rwanda and
possibly other small district centers along the route. This will create a transmission ring and
strengthening the grid in both countries.
A project entitled “Interconnection between Rwanda and Uganda” aims to establish an
interconnection between Mbarara in Uganda and Gikonda in Rwanda, to expand and
strengthen the grids in northern Rwanda and south-western Uganda, and enable exchange
of power.

A-3-2 NEL-Coordination Unit (NEL-CU)
The objective of the NEL-CU is to facilitate and coordinate the preparation and
implementation activities of NELSAP on behalf of the Ministries of the NEL-countries and
other national agencies and institutions. The NEL-CU is proposed to consist of one
professional expert with some administrative back up to be based at the Nile-SEC for the
duration of the projects. Continued capacity building at the national institutions for regional
cooperation is a key component of the activities of the NEL-CU. Capacity building would
partly occur through the joint preparation exercise, and partly through a strategic vision
exercise that will analyse opportunities in cooperative Nile development and management in
partnership with other regional initiatives in the Nile Equatorial Lakes Region.

A-3-3 Transboundary Environmental Action Project
Transboundary Environmental Analysis (TEA) constitutes a collective synthesis of basinwide environmental trends, threats, priorities and the elements of an Agenda for
Environmental Action in the Nile Basin. The TEA provides a strategic environmental
framework for the environmentally sustainable development of the Nile River Basin, to
improve the understanding of the relationship between water resources development and
environmental conservation in the Basin, and to provide a forum to discuss development
paths for the Nile with a wide range of stakeholders.
This project is expected to strengthen riparian cooperation and coordination by supporting a
series of measures addressing transboundary environmental management issues. The
project will encourage more effective basin-wide stakeholder cooperation on transboundary
environmental issues by supporting priority actions in five main areas (see table below): (1)
institutional strengthening, (2) community-level land, forest and water conservation, (3)
environmental education and awareness, (4) wetlands and biodiversity conservation and (5)
water quality monitoring.
The project will be implemented using a phased programmatic approach, to allow early
progress and successes to be identified, nurtured and consolidated prior to further
expansion. The first phase of the program will consist of full implementation of institutional
strengthening and water quality monitoring components together with partial implementation
of the land, forests and water conservation and environmental education and awareness
components. The second phase will launch the wetlands and biodiversity conservation
components and complete the land, forests and water conservation and environmental
education and awareness components.
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Main activities
1. Regional Capacity Building for Transboundary
Environmental Management
2. Decision Support System (DSS)
3. Communications and Knowledge Management
4. Macro and sectoral policies and the environment
1. Enhanced basin-wide capabilities and cooperation
2. Improved understanding of transboundary soil erosion
3. Micro-grant Fund to support local-level land, forest and
water conservation initiatives at transboundary sites
networks established or strengthened in 5 countries
1. Public awareness and understanding of Nile transboundary
environmental issues
2. Enhanced networking among universities and other
research institutions
1. Enhanced regional cooperation and capabilities
2. Better understanding and broader awareness of the role of
wetlands
3. More effective management of wetlands
1. Enhanced national capacities for water quality monitoring
2. Transboundary water quality monitoring established

Source (Transboundary Environmental Action project, document, NBI)

A-3-4 Efficient water use for agriculture project
The main project components and activities are:
Project component
Main activities
Regional
1. Basin-wide consultations/seminars/training in topics related
Consultations
and
to watershed management, community-managed irrigation
Training
development, and public irrigation management
2. National-level consultations on agriculture/irrigation policy at
country request
Demonstrations/Pilots
1. Exchange of good practice and experience and identification
and
Basin-Wide
of project opportunities
Exchange
of
2. Basin-wide twinning of institutions and exchange visits
Experience
among WUAs, research institutions and irrigation
bureaucracies
Consultations, seminars, and training will be undertaken at the regional level on the following
topics:
1. Watershed management - technologies (terracing, cut and carry for livestock,
minimum tillage, green fertilizer, intercropping); institutional issues such as role of
empowered communities in watershed management, public-private partnership in
watershed management and management transfer of natural resources to local
communities;
2. Community-managed irrigation development- technologies (rainwater harvesting,
spate irrigation, flood control, treadle pumps, role of WUAs in sustainable irrigation)
and institutional issues such as action plans for promoting low-cost irrigation
technologies;
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3. Public irrigation development - technologies (Low water-using technologies, O&M)
and institutional issues such as recovery of O&M and investment costs through user
fees and joint management of irrigation infrastructure;
4. Case studies on low-cost irrigation technology to farmers, best practices in the field
of rainwater harvesting and water conservation, empowering communities for
watershed management and O&M and investment cost recovery; and
5. Policies issues such as review and analysis of existing policies related to efficient
water use for agriculture, public-private sector roles in watershed management,
community-managed irrigation development, and management of public irrigation
and recovery of O&M and investment costs through user fees.
Source: Efficient water use for agriculture, NBI Website)

A-3-5 The Nile basin management decision support system
(Source: Water `Sharing in the Nile valley, Diana Rizzolio Karyabwite). The Georgia Tech Nile Basin Management tool (GT-NBM), is a comprehensive decision support software
comprising of five major model groups: (1) models related to the management of the High
Aswan Dam, (2) models of the Equatorial Lakes, (3) models of the White Nile, (4) models of
the Blue Nile, and (5) models of the entire Nile system. The Decision Support System is
currently based at the Nile Forecast and Control Centre of the Ministry of public works and
Water Resources in Egypt. It has been applied as a decision support tool for the Aswan High
Dam, for the equatorial lakes and the White Nile.
Decision Support for the Aswan High Dam, which includes two primary components:
inflow forecasting and reservoir control. The inflow forecast estimates the upcoming
reservoir inflows and provides an appreciation of the forecast uncertainty through multiple
forecast (statistical, neural network, and physically-based models) traces. The reservoir
control component addresses long-term to near real-time needs for reservoir operations
using three modules which:
1. Optimise hydro plant efficiency by determining the power load of each turbine such
that the total plant outflow is equal to a given discharge level and total power is
maximized;
2. Dynamic optimisation to determine the best hourly power sequences for the High
Aswan Dam and Aswan I and II power stations thereby maximising the value of
energy (measured by the cost savings of thermal plant fuel) subject to the water
demands and operational constraints; and
3. Long-range control module to quantify the operational tradeoffs and identify the
release sequences that meets the requirements set.
Decision support for the Equatorial lakes is used to develop effective schemes for lake
regulation, assess the water conservation value of lake regulation in connection with the
Jonglei Canal and examine the impact of the regulation on riparian lake uses. This decision
system consists of Inflow Forecasting, reservoir control and integrated forecast-controlsimulation. The reservoir control modules determine lake elevation and release sequences,
which satisfy the system operation criteria. These include uniform lake fluctuation, drought
management, energy generation, and minimisation of water losses at the Sudd swamps.
The forecast-control-simulation module assesses the feasibility and value of lake regulation.
Decision support for the White Nile includes four primary modules: inflow forecasting,
river routing, control, and integrated forecast-control-simulation. The inflow forecasting
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predicts the upcoming lake inflows and the Nile tributary flows, and provides an estimate of
forecast uncertainty. The river routing module includes the models of the various reaches of
the White and Main Nile from Pakwatch (Lake Albert exit) to Dongola (HAD entrance). The
reservoir control module determines lake elevation and release sequences which satisfy the
system operation criteria and takes into consideration lake fluctuation, drought management,
energy generation, and minimisation of water losses at the Sudd swamps.
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Important contacts

The Nile Basin Initiative Secretariat
Inger Andersen, Partnership Coordinator, UNDP-World Bank International Waters
Partnership
Faustino L. Orach-Meza, (Dr.)
Executive Secretary
Lake Victoria Environmental Management Project
United Nations Office for Project Services (UNOPS)
Prof. Aris P. Georgakakos
School of Civil and Environmental Engineering
Georgia Institute of Technology
Issue: Nile Basin Management Decision Support System
The Department of Civil Engineering,
The Institute for Systems Research, and the Center for Teaching Excellence
University of Maryland, College Park,
Issue: NileSim model
Professor EricO Odada
Program Director,
Lake Victoria Training Program,
Pan African START Secretariat,
Department of Geology
Mr. Domenico Fino, CTA
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