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Abstract 

River with its environment, as the source of the social development, is the one of 
landscapes where biophysical and socio-economic processes are very active at 
present. The aim of the article is to explain the notion of large river of the world, 
explain the understanding of riverine landscapes and give the general description 
of the Nile riverine landscape in Northern in Sudan setting, its spatial variability 
and main environmental issues. 
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INTRODUCTION  

Large rivers are important component of continental landforms. They are 
important constituents of world hydrology cycle; they are not only possess 
inorganic constituents (gravels, raw minerals), but also support biotic and 
socioeconomic systems. Numbers of them have been associated with the 
growth and development of human civilization in their fertile valleys. The 
structured water utilization in the Nile valley is an excellent example. Several 
have been impounded, starting from the second quarter of twentieth century. In 
spite of these rivers being physical marvel and resources utilized by large 
number of people, our knowledge about their form evolution of function remains 
limited. This is possible due to logistical problems, as case studies in the fields 
of geomorphology, sedimentology or river ecology are generally on smaller 
rivers that are easier to investigate, model or manage. For example, direct 
measurements of sediment are not regularly available for number of these big 
rivers, requiring indirect estimates of sediment load. Our knowledge of these 
rivers also varies. A lot more is known about the Mississippi or the Colorado 
than the Zambezi. The Nile has been measured for thousands of years but not 
the Congo. The Amazon is attracting a very large number of researchers from a 
wide range of institutions, countries and specializations but such large-scale 
national or international endeavors are rare for other tropical rivers. The aim of 
the article is to explain the notion of a large river, variability of its riverine 
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landscape and give the general description concerning main environmental 
problems of the riverine landscape of the Nile River in North Sudan. 
 
Riverine landscape and large rivers of the world  

River landscape as a corridor entity is often interpreted as the space on the 
bottom of a valley or the bottom of any depression with a stream which is a 
“product” of fluvial processes and where the substrate-morphological base 
consists of fluvial sediments in form of a floodplain, a channel with a bottom and 
banks along with the facial soil habitat structure with plant and animal 
associations and eventually the land cover structure where the specific social 
and economic activities and processes take place. Thus riverine landscape is 
understood to consist of channel zone and adjacent riparian zone, extended to 
the limit of influence of contemporary fluvial processes. This includes the entire 
active floodplain of the river (CHURCH 2002). Most often, landscape ecologists 
have dealt with rivers as simply one element of a landscape mosaic, equivalent 
to fields, forests, roadways or urban centers. This is the view that is fostered by 
remote sensing, geographical information systems, or landscape mapping. 
Although rivers may be mapped with greater or lesser detail, what is generally 
shown is only the boundary that separates a river from the other elements of the 
landscape. Another view of rivers considers them as functional parts of 
landscapes that are connected by boundary flows, by exchanges of materials, 
organisms, energy, or information across boundaries between adjacent 
landscape elements. Of course, rivers are not homogeneous entities. Rivers 
have an internal structure of their own, whether it is the pattern of pools and 
riffles of a small tributary streams, the channels and islands of a braided river in 
a floodplain, or the main channels, backwaters and oxbow of large rivers. The 
spatial pattern of this heterogeneity within rivers constitutes a landscape in its 
own right. The term ‘riverine landscape’ implies a holistic landscape ecological 
perspective of the extensive interconnected series of habitats/land cover and 
environmental gradients that, with their human, biotic communities, constitute 
river landscape systems. This type of landscape is highly dynamic, showing a 
constantly changing mosaic of habitats. Hydrological processes (e. g. flood 
pulse) and geomorphological processes (e. g. sedimentation and erosion) are 
key processes of natural river systems. The resulting loss of physical 
relationship among the systems’ abiotic components leads to loss of interaction 
potential among the other system components such as population dynamics of 
wildlife and biogeochemical cycles. The environmental gradients and natural 
disturbance regimes that characterize these open systems make them complex 
and diverse systems that are very sensitive to human activities. 

Large rivers are hydrological system with high magnitude basin areas, main 
cannel length, and water and sediment discharges. If we are to list the largest 
rivers in the world, all of us would probably list some 15 or 20 rivers, but proper 
definition is elusive. POTTER (1978) in his paper on the significant and origin of 
big rivers, listed four properties that could be considered for this purpose; size 
of the drainages basin, length of the river, volume of sediment transported and 
water discharge. He used river length and drainage basin size to identify the 50 
largest river of the world. All except one of these rivers were more than 10³ km 
long and smallest drainage basin was 10³ km². These 50 streams collectively 
drain about 47% of the continental surface, excluding Greenland and Antarctica 
(POTTER 1978). In terms of length, several rivers fall within the 2000-3000 km 
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but larger cluster is within the length 4000-5000 km range. Only two rivers are 
longer than 6000 km Nile and Amazon. Quality data on two other criteria of 
large rivers, discharge of water and specially discharge of sediment are not all 
ways available. Qualitatively, therefore, large river carries a very big discharge, 
is long, has a large drainage basin and, commonly, but not always, annually 
transport a large volume of sediment. The great length of these rivers allows 
them to flow across arrange of environment. The Changjiang, Mekong and 
Zambezi, for example, flow in and out of rock gorges into alluvial basin, 
morphological and behavioral adjustments happen at each transition. SCHUMM 
and WINKLEY (1994) summarized the character of large alluvial rivers. MEADE 
(1996) published two lists (one for the average suspended sediment load and 
the other for the average water discharge) for the major rivers of the world. The 
list included rivers that have been studied in detail and also others that have 
not. For example, information on the Mississippi is available but not on the 
Salween. In this collection, several rivers from Meade’s list (1994) are partially 
described: the Amazon and its tributaries, the Parana (ORFEO & STEVAUX 2002), 
the Orinoco, Warne and the Mekong (GUPTA 2007). We may conceptualize 
rivers of this scale as being conduits for draining water and sediment from huge 
areas. This involves coupling at various scales. Even after the introduction of 
the sediment in the channel of a large river, its storage and transfer happen 
repeatedly over space and time along thousands of kilometers. It seems 
reasonable to expect nearly 90% of the sediment to originate in the headwaters, 
as in the case of the Amazon or the Orinoco (MEADE 1994). The time taken by 
all of this sediment to reach the coastal waters could be in the scale of 103 
years based on the calculated time for the re-entrainment of a sand grain stored 
in a small river floodplain (LEOPOLD et al. 1964). Part of the sediment that is 
stored in the channel could reach the sea much faster. The sediment transfer 
may show attenuation or may occur as pulses in successive large floods 
travelling downstream. Sediment movement back and forth between the river 
and the floodplain may be considerable even at a rate comparable to that 
moving downstream (DUNNE et al. 1998). 

All these observations not only stress the need for working on large rivers 
but also raise questions related to watershed management. If the mountain 
slopes of the headwaters are deforested, as is currently happening in many 
parts of the world, what happens to the bulk of the sediment? Does it travel 
rapidly through the system? or is it stored at various suitable coupling junctions 
for a long period of time? The high amount of sediment coming off the 
Himalayan slopes, for example, is probably stored for hundreds of years at the 
foot slopes (BRUIJNZEEL & BREMMER 1989) and only gradually transported down 
the main river. The size of the fans built by the northern tributaries of the Ganga 
illustrates this effective storage. Large rivers find enough accommodation space 
in the valleys to store huge volumes of sediment as fans, floodplains and 
channel bars. 

The sheer length of these rivers brings certain characteristic complexities 
that are not usually encountered while working on the smaller streams that form 
the bulk of our river experience. A number of large rivers tend to alternate 
between rock-cut and alluvial sections. The Mekong, the Narmada and the 
Yangtze are three studied examples. Morphological and behavioural 
adjustments happen at each transition. The rivers may be allochthonous with 
the flow pattern of the lower stream dependent on the hydrology of the 
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headwaters or that of a major tributary. The Nile, of course, is the prime 
example. The Quaternary history may also be extremely complicated with 
changes happening both in the Headwater Mountains and near the mouth. 
Many of these valleys and channels have undergone anthropogenic alterations 
on a major scale over thousands of years. The example in this issue is from a 
river of smaller size, the Po (Marchetti), but similar and longer term changes 
have happened in the valleys of the Tigris – Euphrates, the Nile, the Ganga and 
the Yangtze. The lower Mississippi is probably an extreme example, which is no 
longer flowing through a natural waterway. On a smaller scale, Grams and 
Schmidt provide an example of channel narrowing and flood plain formation due 
to stream regulation. Rivers of this size are logistically difficult to study in the 
field. This problem is partially solved by using satellite images that currently 
remain archived in many centres across the world. Application of this resource 
allows mapping over long reaches, recognition of large-scale features in the 
channel and repeated observation over time (GUPTA 1999).  
 
 

METHODS 

Analyses based on interpretation of satellite images Landsat 2000, 2005, 
Google Earth maps, geological map of Sudan (Ministry of energy and mines of 
Sudan, 1981) and database of settlements in GIS environment were used to 
classify and map of landscape structures. The satellite images and geological 
map of Sudan have been converted to digital images by scanning. Then they 
have been geometrically rectified to a common geographic reference system 
using Arc GIS 9. Tie-points were used to match images and allow for accurate 
comparison of channel and bar changes over time. The channel centre lines 
have been digitized for images for 2005 and 2000. The comparison of their 
position has allowed showing the degree of channel lateral movement during 
that time period. Sand encroachment areas as one of sediment sources have 
been identified by interpreting satellite images, too.  

Using data above the Riverine Landscape Hierarchical Classification (RLHC) 
framework has been applied which on river zone and segments level provides 
understanding of basic spatial variability of the Nile River landscape 
characterized by a laterally confined setting. Zones as areas within the Nile 
catchment have been classified as homogeneous units with respect to 
physiography, climate, runoff and sediment production. Riverine landscape 
segments (corridor – 18 km on both sides of the channel centerline as parts of a 
zone where is no significant change in geology and long profile and in the 
drainage network as well as in the imposed flow discharge or sediment load 
have been identified. The criteria used for classification and dividing of 
segments are geology, valley confinement, density of wades and their 
connectivity with main channel. 

Settlement points have been classified across segments by interpretation of 
satellite images taking into account there: a) central functions; b) length of 
longer axis; c) presence of core (square) area. Ten types of settlement points 
have been identified as follows: 1. hamlet (long axe length up to 500 m); 2. 
village or cluster of hamlets (500-1000 m); 3. village or cluster of hamlets (1000-
2000 m); 4 village with core area (more than 2000 m); 5. secondary towns; 6. 
principal towns; 7. state capital; 8. dispersed agricultural facilities in farmland 
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area; 9. nomad stands and 10. hamlet/farms with underground water sources 
along old abandoned channels. 

Environmental issues (bank erosion, flood risk, channel infilling, sand 
encroachment-desertification, wastes and water pollution and flood risk) have 
been detected across individual segments by interpreting remote sensed data 
and taking into account the fact that the higher density and more populated area 
of settlement points and the larger area of agricultural fields the higher waste 
and pollution hazard and flood risk.  

The expert assessment method has been used and each of environmental 
issue has been assessed by ordinal values from 0 to 5 (verbally as none (0), 
low (1), moderate (3), high (4) and severe (5). The sum of values by each 
segment gave us the possibility to obtain the image of spatial variability as well 
as severity of the study area environmental issues.  
 
 

THE STUDY AREA SETTING 

The Nile can be divided into six zones as areas – subunits of the Nile catchment 
as follows: 1) the Lake Plateau – source zone with lakes, 2) the Sudd – transfer-
accumulation zone of the inland delta with confluence swampy areas, 3) the 
White Nile and the Blue Nile – sediment transfer zone from highlands, 4) the 
main Nile in Northern Sudan – desert zone with cataract, 5) the Egypt Nile – 
desert zone with large floodplain, 6) the Nile delta (fig. 1) The study area 
presents a portion of the river landscape of the Nile River from Khartoum to 
Lake Nasser in the North of Sudan. It is located in the forth-desert zone, 
between latitude 16° and 22° N and longitude 24° and 34° E. The length of it is 
1492 km and average width around 5 km, the highest altitude of the longitudinal 
profile is 372 m a. s. l., the lowest 181 m a. s. l. The study area is characterized 
by hyper arid climate, by very low rainfall and high evapotranspiration. 
Discharge is measured at Dongola town its average flow is about 84 milliard 
cubic meters per year, the underlying geology is mainly nubian sandstone. The 
valley is flat and main land cover structures are represented by desert sand 
covers and rock outcrops as well as by narrow strip fertile fluvisols along the 
course of the Nile known geomorphologically as recent terrace. The low terrace 
is formed from annual sediment load of the Nile mainly of silty clay to silty-clay 
loam. Sparse settlements (villages) with small-irrigated plots of annual crops 
(perennial date palms and citrus fruits) are typical for it too. The study area with 
its desert environs exhibits relative isolations because of barriers represented 
by country border between Egypt in the North, Libya in the North-West, Chad in 
the West, administrative boundary in the South and Eretria and red sea in the 
East side .Main water and solids input is coming from the tropical forest zone of 
Lake and Ethiopian Plateaus through the White and Blue Nile and the Atbara 
River. The best conditions for navigation are outside of the study area from 
Aswan to Cairo but relatively good condition for navigation are from the North to 
the South along the White Nile i. e. from Khartoum in Sudan and Juba in South 
Sudan Republic. Most part of the study area as to navigation exhibits worth 
condition due to the present of cataracts. Main transport axis-asphalt root 
between Khartoum and the Nasser Lake and railway to Port Sudan City are 
important phenomena supporting cities connectivity along as well as outside the 
study area. There are three relatively good developed area around central 
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cities, mainly area of Khartoum as capital of the Sudan, area between Khartoum 
and Atbara and area between EL-Dabba and Dongola. Important archaeological 
sites as Al-Bajrawiyah, Nega, Nuri and Mosorat pyramids, Royal City and Jebal 
El-Berkal are located in the riverine landscape under study. The lack of the 
connectivity between the study riverine landscape and the tourism corridor 
along the East coast of the Red Sea in Egypt due to the state border and 
missing of transport axis and recreational facilities is evident, too. Raw material 
sources located far from the study area in the border between Sudan Republic 
and South Sudan Republic do not offer sufficient impact for its development. In 
spite of its natural beauty as well as important archaeological sites it seems to 
be mainly the agricultural landscape with the important source of hydropower 
energy (the Merowe dam) as well as the network of local water sources for land 
irrigation.  
 
 

RESULTS  

Classification and assessment of riverine landscape 

For understanding a riverine landscape spatial variability, dynamic of its 
biophysical components as well as socioeconomic behavior we need to realize 
its position in the framework of its catchment. Upstream portions of the 
catchment influence hydrological and sediment regime and upstream-
downstream connection give the possibility of goods as well as people’s 
migration. That why we have carried out the scheme of the Nile catchment 
zones as its individual subunits as follows: 1. Equatorial Lake plateau zone with 
local water and sediment recipients; 2. Subequatorial Sudd zone like inland 
delta with swamp areas and dendritic drainage network pattern with low 
sediment inputs; 3. White and Blue Nile savanna confluence zone including 
Ethiopian plateau with high sediments input; 4. Main Nile cataract desert zone 
with high density of wadi and relatively high sediment input from Blue Nile and 
Atbara Rivers and their storage in dams; 5. Main Nile desert zone without 
sediment input, with low density of wadi and decreasing discharge due to 
evaporation and water use for irrigation; 6. Nile delta with amount of side arm 
system with decreasing in discharge and increasing in channel infilling 
processes. 

The study area falls in the fourth zone which located between Khartoum and 
the Lake Nasser. This zone has been classified into 12 segments (Fig. 1) as 
follows: The first segment is located between Khartoum and six cataract, From 
Khartoum downstream the Nile valley is cut into the Nubian formation and 
terraces gradually become narrower until the sixth Cataract is reached. The 
length of this segment is 72 km and a total maximum width of about 2 km. This 
segment is considered to be unconfined, sinuosity 1.1. The fluvial style is 
straight. This segment is laterally unconfined and it has capacity to rework and 
mold sedimentation stored on the valley floor. The number of settlement is 49 
settlement points and in this segment the settlement that are over the average 
is (4) village with core area (more than 2000 m), (6) principle towns and (7) 
state capital (Table 1). This segment is characterized by high density of 
population and serious environmental problems are water pollution and flood 
risk (Table 2). 
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Figure 1: Primary landscape structure – River Nile segments (see text below) 

 

In the second segment the Nile valley, incised into the Basement Complex, 
consists of a narrow gorge – the Sabaloka Gorge. A total maximum width of 
about 0.5 km The Sabaloka complex an inlier, the Sabaloka complex is not 
directly surrounded anymore by Nubian sandstone. This segment is considered 
to be confined, channel configuration in gorge is ostensibly stable with no 
potential for lateral adjustment and the river is consider to be limited natural 
capacity for adjustment and may not elicit a morphologic response to 
perturbation, the length of this segment is 17 km, sinuosity 1.3. The fluvial style 



12 

 

Table 1:  Settlement types, their numbers and averages by river segments and total 

numbers. 
Settlement types: 1. hamlet (long axe length up to 500 m); 2. village or 

cluster of hamlets (500-1000 m); 3. village or cluster of hamlets (1000-2000 
m); 4 village with core area (more than 2000 m); 5. secondary towns; 6. 
principal towns; 7. state capital; 8. dispersed agricultural facilities in farmland 
area; 9. nomad stands and 10. hamlet/farms with underground water sources. 
Dark cells indicate segment with numbers of settlement point more than the 
average of settlement points type. 

 
Settlement 

type 

Segments 

1 2 3 4 5 6 7 8 9 10 11 12 Total Average 

1 3 6 8 53 20 27 50 29 0 14 13 46 269 22 

2 23 2 25 40 19 17 30 7 18 17 11 45 254 21 

3 9 0 2 12 6 7 3 1 12 16 13 14 95 8 

4 10 0 0 5 1 8 1 0 7 1 22 3 58 5 

5 0 0 0 0 0 1 0 0 1 0 0 0 2 0,16 

6 1 0 0 1 0 1 1 0 0 0 0 0 4 0,3 

7 1 0 0 0 1 0 0 0 0 0 1 0 3 0,25 

8 0 0 18 17 34 12 6 0 5 6 3 1 102 9 

9 1 2 3 12 7 7 9 0 2 7 0 0 50 4 

10 0 0 0 0 0 0 0 0 0 0 21 0 21 2 

Total 49 12 59 144 93 86 107 45 54 71 95 121 
 

 
Table 2:  Environmental assessment of the River Nile segments. Dark cells indicate 

more serious environmental problems – with high (4) and severe values (5).  
 

Segment 
Waste material  

and water  
pollution 

Bank  
erosion 

Flood  
risk 

Channel 
infilling 

Sand  
encroachment-
desertification Total 

1 5 2 5 3 0 15 

2 0 0 0 0 0 0 

3 2 2 2 2 0 8 

4 2 4 3 3 0 12 

5 3 4 3  3 0 13 

6 4 3 4 4 0 15 

7 1 0 1 0 5 7 

8 0 2 0 5 2 9 

9 2 2 2 1 0 7 

10 3 4 3 4 5 19 

11 4 4 4 3 4 19 

12 0 0 0 0 5 5 

 

is straight. In this segment there are no geomorphological change. The number 
of settlement is 12 settlement points and this segment is below the average of 
settlement and in this segment there are no serious environmental problems. 

The Nile terraces along segment third become wider again, to a total 
maximum width of about 3 km, and the river cuts into the Nubian formation 
again. Much of the irrigated land lies within this segment the length of the 
segment is 54 km, a total maximum width of about 3 km, sinuosity 1.2. The 
fluvial style is straight. This segment is considered to be unconfined and river 
has high natural capacity for adjustment and may elicit a morphologic response 
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to perturbation. The number of settlement is 59 settlement points and in this 
segment the settlement that are over the average is (8) dispersed agricultural 
facilities in farm land area and in this segment there is no serious environmental 
problems. 

Along fourth segment Nile cuts into the Nubian formation. Much of the 
irrigated land lies within this segment the length of the segment is 102 km, a 
total maximum width of about 3 km, sinuosity 1.2. The fluvial style is straight. 
This segment is considered to be unconfined and river has high natural capacity 
for adjustment and may elicit a morphologic response to perturbation. The 
number of settlement is 144 settlement points and in this segment the 
settlement that are over the average is (3) village or cluster of hamlets (1000-
2000 m), (4) village with core area more than 2000 m, (6) principal towns, (8) 
dispersed agricultural facilities in farm land and (9) nomad stands. This segment 
is containing Shendi city and characterized by large number of population and 
large agricultural activity so it consider to be highly subjective by river behavior 
and river morphological changes and the serious environmental problem is 
bank erosion. 

The fifth is typical by the river cutting into the Nubian formation. Much of the 
irrigated land lies within this segment the length of the segment is 77 km, a total 
maximum width of about 1.5 km, sinuosity 1.1. The fluvial style is straight. This 
segment is considered to be partly-confined due to the present of the rocks hills 
in the right side of the river. In This segment river morphological change 
phenomena are occurs. The number of settlement is 93 settlement points and in 
this segment the settlement that are over the average is (7) state capital and (8) 
dispersed agricultural facilities in farm land are. Also this segment is containing 
Atbara city and characterized by large number of population and large 
agricultural activity so it consider to be highly subjective by river behavior and 
river morphological changes and the serious environmental problem is bank 
erosion. 

The sixth segment is consider to be partly-confined in the left side the 
geology is mainly Nubian sandstone which is effected by river behavior and 
changes and this layer is considered to be unconfined while the East Bank is 
confined by undifferentiated basement complex. The length of the segment is 
84 km, a total maximum width of about 2.5 km sinuosity 1.2. The fluvial style is 
straight. The biggest residential area is Berber city; the number of settlement is 
86 settlement points and in this segment the settlement that are over the 
average is (4) village with core are more than 2000, (5) secondary towns, (6) 
principle towns and (8) dispersed agricultural facilities in farm land area. This 
segment is receive large amount of sediment from both blue Nile and Atbara 
River which are the main source of sediment on the River Nile and this 
sediment is increase erosion and deposition in this segment and the serious 
environmental problems are flood risk, channel infilling and waste material and 
water pollution.  

The seventh segment is characterized by the present of Basement Complex 
Rocks. The length of this segment is 269 km, a total maximum width of about 5 
km sinuosity 1.2. The fluvial style is straight. This segment is confined segment 
and the river with limited natural capacity for adjustment and may not elicit a 
morphologic response to perturbation. The East Bank of the segment is 
subjective to sand encroachment due to the present of san dons and north east 
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wind. The number of settlement is 107 settlement points and this segment is 
below the average of settlement and the serious environmental problem is sand 
encroachment. 

The basement complex rocks characterize eighth segment. The length of 
this segment is 113 km, a total maximum width of about 5 km and sinuosity 1.1. 
The fluvial style is straight. This segment is confined segment and the river with 
limited natural capacity for adjustment and may not elicit a morphologic 
response to perturbation. In this segment a new dam has been establish 
(Hamdab Dam) with new lake upstream and this can produce a great change 
on the valley floor. The number of settlement is 45 settlement points and this 
segment is below the average of settlement and the serious environmental 
problem is channel infilling. 

The ninth segment is considered to be partly-confined. The river cut its 
valley through basement complex rocks, Nubian sandstone formation and 
alluvium. The length of this segment is 75 km, a total maximum width of about 2 
km and sinuosity 1.3. The fluvial style is straight. The number of settlement is 
54 settlement points and in this segment the settlement that are over the 
average is (3) village or cluster of hamlets (1000-2000 m), (4) village with core 
area more than 2000m and (5) secondary towns. The East Bank of the segment 
is subjective to sand encroachment due to the present of sand dons and north 
east wind and in this segment there is no serious environmental problems. 

The river cuts into the Nubian formation along the tenth segment. Much of 
the irrigated land lies within this segment. The length of the segment is 134 km, 
a total maximum width of about 1.5 km, sinuosity 1.8. The fluvial style is 
meandering. This segment is considered to be unconfined and river has high 
natural capacity for adjustment and may elicit a morphologic response to 
perturbation. The number of settlement is 71 settlement points and in this 
segment the settlement that are over the average is (3) village or cluster of 
hamlets (1000-2000). This segment is connected with large wades (wadi 
Mugadam, wadi Melik and wadi Hawar) and this increase the hazard of flood in 
the West Bank of the river and is also subjective to sand encroachment on the 
East side of the segment due to the present of sand dons .Sand encroachment 
threatens the highly productive agricultural land and settlement .by the other 
hand this segment is characterized by large number of population and large 
agricultural activity and the serious environmental problems are sand 
encroachment, bank erosion and channel infilling. 

The eleventh segment is typical by irrigated land. The channel cut into the 
Nubian formation. The length of it is 145 km. A total maximum width is about 4 
km, sinuosity 1.1. The fluvial style is straight. This segment is considered to be 
unconfined and river has high natural capacity for adjustment and may elicit a 
morphologic response to perturbation. The number of settlement is 95 
settlement points and in this segment the settlement that are over the average 
is (3) village or cluster of hamlets (1000-2000 m), (4) village with core area 
more than 2000 m, (7) state capital and hamlet/farms with underground water 
sources. This segment contain Dongola reach where the eastern bank of the 
valley is flanked by low relief Holocene flood plain complex with well-preserved 
paleochannel belts up to 18 km from the modern channel of the Nile .the Nubian 
sandstone aquifer system – Dongla which is reach of underground water and on 
this location the Palm trees depend on ground water. The East bank of the 
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segment is subjective to Sand encroachment due to the present of sand dons 
and north east wind. This segment is characterized by high density of 
population and affected by different problems such as flood, bank erosion, 
channel infilling, sand encroachment and water pollution. 

The last, twelfth segment is consider to be partly-confined in its southern 
part can be found more populated floodplain pockets. The river cut it is valley 
through Nubian sandstone formation and Basement Complex Rocks, the length 
of these segment 351 km. A total maximum widths of about 7 km, sinuosity 1.1. 
The fluvial styles is straight, the number of settlement is 121 settlement points 
and in this segment the settlement that are over the average is (3) village or 
cluster of hamlets (1000-2000 m) and the serious environmental problem in this 
segment is sand encroachment. 

The total of assessment values range from 0 to 19 (Table 2). For obtaining 
the spatial variability of environmental issues by segments the final assessment 
procedure has been done by working out assessment scheme consisting of 5 
categories (Fig. 2) as follows: none environmental issue (0 points), very low (5-7 
points), low (8-9 points), moderate (12-13 points), high (15 points) and severe 
(19 points). For conclusion segments eleventh, tenth, sixth and the first 
segment are face most problems and all this segments are unconfined 
segments.  
 
 

DISCUSSION AND CONCLUSIONS  

The river Nile in northern Sudan from Khartoum to Lake Nasser has been 
classified in to twelve segments and this segment has been environmentally 
assessed and environmental issues (bank erosion, flood risk, channel infilling, 
sand encroachment-desertification, wastes and water pollution and flood risk) 
have been detected across individual segments by interpreting remote sensed 
data and taking into account the fact that the higher density and more populated 
area of settlement points and the larger area of agricultural fields the higher 
waste and pollution hazard and flood risk.  

The expert assessment method has been used and each of environmental 
issue has been assessed by ordinal values from 0 to 5 (verbally as none (0), 
low (1), moderate (3), high (4) and severe (5). The results obtained from 
assessment showed that the most affected segments are segment eleventh, 
tenth, sixth and the first segment (Fig. 2). 

Remote sensing and GIS technology shows the great potentiality to study 

the environmental issues of a riverine landscape. From the research template 

built for the area of interest; it’s easy to manipulate, update retrieve and display 

all data regarding the river Nile in most efficient way. This type of approach can 

be helpful in further planning of river training and management in an effective 

manner as it could be incorporated the long time (historical) changes of the 

riverine landscape. Contemporary development of the study area is under the 

surge for using artificial intelligence to predict the future changes depending on 

the status-quo inputs that might occur in the Nile riverine landscape. The study 

has come out with a classification for the type of the settlements along the river 

Nile at macro level. Along with the settlements points classification our study 
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Figure 2: Riverine landscape assessment by river segments 

 

has also conducted environmental assessment of riverine landscape from 

potential generation of waste material and water pollution, bank erosion as well 

as flood risks point of view. The results gained from assessment have indicated 

six levels of the environmental risk ranging from no existence of environmental 

risk to sever environmental risk. Therefore the hotspots of urgently needed 

intervention have been highlighted based on the statistical evidence drawn from 

the maps and image interpretation.  

Based on results gained the study recommend the following: 

- encouragement of civil society to collaborate in the planning process and in 

implementation of mitigation measures, 
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- give due attention for appropriate riverine landscape management and 

rational measures concerning water conservation at least for those places of 

higher sediment yield. 

- evaluation of the current bank protection methods, 

- mitigation measures for sand migration towards the River Nile and problems 

of bank erosion requires both attention and prompt action to deal with them, 

- use of environmentally friendly control methods such as some species of 

plants that lead to soil fixation on the banks of the river, 

- solve conflicts between landowners who have lost lands as result of erosion 

on the river banks and compensate them in the new lands which are 

resulted from deposition on the River Nile banks,  

- establishment of environmental impact assessment (EIA) for existing and 

new projects, especially mega-projects such as reservoirs and irrigation 

pumps in large agricultural projects on the banks of the River Nile, 

- activating governmental and official policies in order to reduce environmental 

issues. 

 
 

SÚHRN 

Rieka spolu s jej blízkym okolím vytvára typ krajiny, ktorého územný rozvoj je 
významne ovplyvnený biofyzikálnymi a socio-ekonomickými procesmi. Cieľom 
príspevku je vysvetliť pojem a problematiku riečnych krajín, prezentovať 
všeobecnú charakteristiku nílskej riečnej krajiny v podmienkach Severného 
Sudánu, poukázať na jej územnú variabilitu a na prítomnosť relevantných 
environmentálnych problémov. Študovaným územím je časť povodia rieky Níl 
(1 492 km dlhý úsek medzi mestom Khartoum a jazerom Nasser), ktoré bolo na 
účely výskumu rozdelené na 12 segmentov. Jednotlivé segmenty boli 
hodnotené z pohľadu prítomnosti environmentálnych problémov, napr.: erózia 
brehov, riziko záplav, sedimentácia, vplyv dezertifikácie, znečistenie vôd a i., 
pričom boli využité aj dáta z diaľkového prieskumu zeme. Expertným 
hodnotením boli jednotlivým environmentálnym problémom v rámci skúmaných 
riečnych segmentov prideľované body v rozsahu 0 až 5 (tabuľka 2). Na základe 
súčtu bodov boli jednotlivé riečne segmenty klasifikované do 6 kategórií podľa 
závažnosti prítomných environmentálnych problémov:  

1. žiadny environmentálny problém (0 bodov), 

2. veľmi nízky environmentálny problém (5-7 bodov), 

3. nízky environmentálny problém (8-9 bodov), 

4. stredne ťažký environmentálny problém (12-13 bodov), 

5. vysoký environmentálny problém (15 bodov), 

6. veľmi vysoký environmentálny problém (19 bodov). 

Záverečné vyhodnotenie preukázalo, že najzávažnejšie environmentálne 
problémy sú v rámci skúmaného riečneho úseku Nílu sústredené v segmentoch 
č. 1, 6, 10 a 11 (obr. 2). 
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