
1 INTRODUCTION 

The AHDL water capacity is affected directly by the 
changes in the lake's bed surface. Monitoring these 
changes is vital as it provides the decision maker 
with sufficient information to manage both the 
sediment removal process and storage capacity of 
the lake. Satellite observations data have been 
combined with in-situ measurements, using GIS 
analyst tools, to estimate and analyze changes in 
lakes bed surfaces, with successful applications in 
different parts of the world. The morphological 
changes related to erosion / sedimentation processes 
occurred in San Giuliano Lake which located in Ba-
silicata Region (Southern Italy), in the period 1984 – 
2004 were analyzed using RS data integrated in GIS 
technique (Curzio et al. 2013). Schultz (1997), 
detected the changes in sediment and erosion in the 
upper region of Lake Kemnade in the Ruhr River 
valley in Germany using remote sensing techniques 
and echo sounding data for a period of eight years. 
El-Gammal (2010), used Landsat TM images and 
GIS technique in change detection of water levels in 
AHDL from 1972 to 2008 and also, used these im-
ages integrated with the available field data about 
sedimentation in AHDL to estimate the volume and 
place of sediment in some portions of this lake. El-
Sammany & El-Moustafa (2011), used GIS tool to 
propose a method for calculating the changes in 
AHDL bed from year 1953 to 2004. The method was 
depending on the processing of the field 

measurements (bathymetric data) only using GIS 
tools, such as geo-spatial analysis and 3D analyst 
tools in order to form and analyze the Digital 
Elevation Models (DEMs) for the lake.   
The main objectives of the present paper are to: 

i. Detect the changes in AHDL active sedimentation 
portion bed surface (sediment / erosion) and their 
amounts from year 2000 to 2012 using GIS / RS 
techniques. 

ii. Detect the effect of inflow quantity (flood/drought) 
on sediment and erosion amounts. 

2 STUDY AREA AND DATA COLLECTION 

2.1 Selection of the study area 

The main two parts of AHDL include the Egyptian 
part with a length of about 350 Km and called 
Nasser Lake and Sudanese part (LakeNubia) with a 
length of 150 Km. The present study focuses on the 
Sudanese part which is the most active 
sedimentation portion of the AHDL In addition, 
from the studies and observations don.e by the 
repetitive field survey missions, which successfully 
carried out through the joined efforts of the Aswan 
High Dam  Authority (AHDA) and the Nile 
Research Institute (NRI), it is obvious that the cross 
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sections have been enlarged and the water velocity 
have been decreased in this reach. So, this portion of 
the lake represents the area with most intensive 
sediment deposition. Moreover, more than 50% of 
the sediment exists in this portion. NRI (2012) 
estimated that about (50%-70%) of the total amount 
of sediment in AHDL were deposited in this portion 
of the lake, although this portion represents only 
about 5.96% of the total area of AHDL, MWRI 
(2012). This portion of AHDL called (the active sed-
imentation portion).The study area of the present re-
search extends between latitudes 21°44′30′′N and 
22°00′00′′N (upstream AHD). It contains 6 cross 
sections (28, 27, 26, 25, 24 and 22) from the South 
to the North respectively as indicated in Figure 1. 
 

 
 

Figure 1. Study area (active sedimentation zone of Nubia 
Lake). 
 

2.2 In-situ data 
2.2.1 Hydrographic survey data  
The hydrographic survey data of AHDL were 
conducted by using the eco-sounder via field trips 
provided by (AHDA and NRI).  The lake geometry 
presented by Easting, Northing, and Elevation (E, N, 
and Z) was used for hydrographic survey data of 
years 2000, 2004, 2006, 2008, 2010 and 2012 for the 
study area are used, NRI (2012). All the field trips 
used the multi-beam echo sounding system. This 
system was integrated with real time positioning of 
GPS (the position was corrected on the spot by the 
integrated Omni star system into the GPS unit). The 
corrected position was synchronized with depth from 
the echo-sounder (data processing). In the end, the 
system was capable of collecting huge data set (the 
total points after processing are about 133 thousand 
for each trip) for flow depth ranged from 0.3 to 
220m with accuracy about ± 0.1% of water depth, 

which considered as an indicator for the data uncer-
tainties. The water levels upstream AHD which 
recorded by AHDA gauge stations in the different 
dates of the year, MALR (2010) are collected to help 
in detecting the water surface levels at the dates of 
acquiring the satellite images.  

2.2.2 Inflow data 
The total amounts of discharge (inflow) which arrive 
Aswan (enter Egypt) for the last twenty years, which 
recorded by AHDA according to Dongola gauge sta-
tion, MWRI (2012) are used to detect the effect of 
this discharge on the lake's bed changes. 

2.2.3 Lake bed soil samples data 
The Lake bed material samples were collected via 
the field trips using the bed material sampler at loca-
tions of the cross-sections shown in Figure 1. Then 
the grain size distribution of these samples was iden-
tified in AHDLA and NRI laboratories in order to, 
investigating the nature of the deposited particles 
and classifying them according to their geometrical 
characteristics. The collected samples of the year 
2012 are used in the current study.  Though studying 
of these samples, it is noticed that; sand – medium 
grained size particles- and (silt & clay) – fine to very 
fine grained size particles – are the major compo-
nents of these samples. Meanwhile; these samples do 
not contain any gravel – coarse grained size particles 
- at all. 

2.3 Satellite images (remote sensing data) 
Three Landsat ETM+ images (Path/Row=175/045) 
are used in this research. The three images were 
acquired at different dates (September 2000, March 
2006 and March 2009) from the GLCF website in 
GeoTIFF (systematic correction) products, GLCF 
(2014). For thus, it is free of geometric, radiometric 
and noise errors. The acquired images were used to 
extract the lake boundaries. 

3 METHODOLOGY  

To achieve the objectives of the present paper, the 
tasks presented in Figure 2 are conducted. The major 
tasks include: water surface area extraction, 
prediction of the 3D bed surfaces, change detection 
process, establishing maps of changes and producing 
of the sediment particles distribution maps. These 
tasks are breifly explained in the following subsec-
tions: 

 
 



 
Figure 2. Flowchart of the procedures adopted in this study to investigate erosion and sedimentation patterns of the study area 

 
 

3.1 Water surface areas extraction 
The water boundaries delineation from Landsat sat-
ellite images, using ArcGIS software, was performed 
by six techniques:  
• By image classification techniques (supervised and 

unsupervised techniques), (Ebaid & Ismail 2010, 
Lillesand et al. 2004). Three satellite images were 
used. The first was shot in September 2000 where 
the water level in the lake was (178 m) amsl. The 
second was shot in March 2006 where the water 
level was (173 m) while the third was shot in 
March 2009 where the water level was (176.60 m). 

• Normalized Difference Water Index (NDWI), 
(Muala et al. 2014) as given by the following equa-
tion: 

( )
( )NIRGreen

NIRGreen
NDWI

+
−

=  (1) 

• Modified Normalized Difference Water Index 
(MNDWI), (Muala et al. 2014) as given below: 

( )
( )MIRGreen

MIRGreen
MNDWI

+
−

=  (2) 

• Automated Water Extraction Index (AWEI), (Fey-
isa et al. 2014) 

( ) ( )SWIRNIRMIRGreenAWEI ×+×−−×= 75.225.04  (3) 

• Normalized Difference Moisture Index (NDMI), 
Wilson & Sader (2002) as below: 

( )
( )MIRNIR

MIRNIR
NDMI

+
−

=  (4) 

The positive values of the computed water indices 
by equations from 1 to 4 represent water bodies and 
negative values represent land areas. 

Green, NIR, MIR and SWIR represent green, 
near-infrared, middle-infrared and shortwave-
infrared bands of the Landsat ETM+ images respec-
tively.  

The applied procedures for extraction of water 
boundaries in this study (using unsupervised Image 
classification technique) is shown in Figure 3 and is 
explained as below:  

 
Figure 3. Extraction of water boundaries from Landsat images. 



1) Detecting the Landsat scene of the study area by 
making a clip from the original image. 

2) Making unsupervised classification, then convert-
ing the final classified image (contain 4 classes) 
into features (vector layers).   

3) Separating the water feature from the other fea-
tures as a polyline.  

4) Converting the polyline boundaries into water 
points layer, which have (x, y) coordinates and z 
from the water levels recorded by AHDA which 
synchronized with the acquired dates of the satel-
lite images.   

5) Converting the water polyline layer into polygon 
layer. 

6) The last step is the conversion process from the 
polygon layer to raster water scene (water raster) to 
help in the interpolation method (predicting the 3D 
bed surface). 
The derived water areas were overlaid with the 

reference water area to display the degree of mis-
classification error in water surfaces extraction. Fi-
nally, the overall accuracy, Story & Congalton 
(1986), is computed to support the accuracy assess-
ment analysis.  

The extracted lake boundaries as obtained from 
the satellite images, were used to form the shape of 
surface and also, to form a group of scatter points 
(x,y,z) using the WGS84, UTM Z36N as a defined 
projected coordinate system. These points were used, 
combined together with the hydrographic survey 
points in the generation of the 3D bed surfaces of the 
study area for all available years (2000, 2004, 2006, 
2008, 2010, and 2012). 

3.2 Prediction of the 3D bed surfaces  
To predict the original 3D bed surfaces of the lake 
from the year 2000 to the year 2012, the available 
hydrographic survey data combined with the points 
that represent the water surface areas which derived 
from Landsat satellite images, were used in the in-
terpolation process. In addition the water surface, 
that represents the highest surface for all predicted 
bed surfaces, was of the 2000 Landsat image. The 
interpolation process was performed with the Radial 
Base functions (RBF) method, ESRI (2008).   

The Mean Absolute Error (MAE) was used to 
assess the accuracy of the interpolation method. For 
accurate interpolation process, the MAE should be 
near zero. 

3.3 Change detection Process  
This process was done by using the change detection 
technique which is a digital overlaying technique 
that depends on detecting the changes in the lake's 
bed levels via overlaying every two sequent 
predicted bed surface using (cut / fill) tool in ArcGIS 
Software.  

3.4 Establishing maps of changes  
The maps of changes which represent the changes 
(sediment / erosion) zones were generated to quanti-
fy the changes amounts in the study area through the 
period from the year 2000 to the year 2012. 

3.5 Producing of the sediment particles distribution 
maps 

The sediment particles distribution maps generated 
from the interpolation process of the bed soil sam-
ples data of the year 2012; represent the distribution 
of sand and (silt & clay) through the bed of the study 
area.  

4 RESULTS  

4.1 Extraction of water surface areas 
The results indicate that the unsupervised 
classification technique performed significantly 
better compared with other techniques for surface 
water extraction. The overall accuracy of the unsu-
pervised technique is about 98.50%. The visual 
comparison shows that the boundaries of the extract-
ed water surface match the actual boundaries of the 
water in the reference image very closely. Therefore, 
this technique was used to delineate the water sur-
face areas in this study from all available Landsat 
images. For more information, readers might con-
sult, (Elsahabi et al. 2016) if they are interested in 
more information. 

4.2 Interpolation process 
Prediction of the 3D bed surfaces necessates the use 
of the Radial Base functions (RBF) method for 
interpolation to produce accurate results for gently 
varying surfaces such as elevations, ESRI (2008).  

 



 
Figure 4. Sample results of the predicted bed surfaces for (a) 
the years 2000 and (b) the year 2012. 

 
The mean absolute error, MAE, was used too 

assess the accuracy of the used RBF method. The 
vaules of MAE were found to be near to zero for all 
studied years. The R2 between the measured and the 
interpolated values is found to be 0.998 while the 
MAE for the year 2000 equals 0.02473 m indicating 
high accuracy of interpolation process.  
The 3D bed surfaces are predicted for the years 
2000, 2004, 2006, 2008, 2010 and 2012. Sample re-
sults are presented in Figures 4a and 4b for the year 
2000 and the year 2012. 

  
Figure 5. Sample for maps of changes for the years (a) 2000-
2004, (b) 2008-2010 and (c) 2010-2012. 

4.3 Maps of changes 
The changes in bed levels between every two 
sequent predicted bed surfaces were generalized by 
three broad change categories:    
• No change: the levels that have the same values in 

the old and new bed surface. 
• Sedimentation: the old bed surface levels that were 

increased in the new bed surface. 
• Erosion: the old bed surface levels that were 

decreased in the new bed surface. 
Maps of changes for the years 2000-2004, 2004-
2006, 2006-2008, 2008-2010 and 2010-2012 are 
produced. Samples for the years 2000-2004, 2008-
2010 and 2010-2012 are presented in Figure 5. 



4.4 Sedimentation distribution and delta formation 
Figure 6 shows the sedimentation distribution and 
delta formation map which was produced from 
subtracting process between the bed surfaces of 
years 2000 and 2012. It is obvious from this figure 
that there was a variation in sedimentation thickness 
from the year 2000 to the year 2012 along the study 
area, the maximum depth of sediments was estimat-
ed to be about 28 m. 

 
Figure 6. Sedimentation distribution and delta formation   map 
for the period (2000 to 2012). 
 

Figure 7 illustrates the 3D model of the sedimen-
tation distribution and delta formation, which indi-
cates that the submerged delta of sediment was 
formed in the middle part of the study area. Moreo-
ver, it obviates the variations in sedimentation 
depths through the studied time period.  

 
Figure 7. The 3D model of the sedimentation distribution and 
delta formation from the year 2000 to the year 2012. 

4.5 The lake bed soil particles distributions maps 
Figures (8a and 8b) show the lake bed soil particles 
distributions maps of the year 2012 that represent the 
sediment components map. These maps represent 
sand distribution map and (silt & clay) distribution 
map respectively which were generated from the in-
terpolation process of the collected soil samples data 
using ArcGIS software.  

 

 
Figure 8. The lake bed soil particles distributions maps of the 
year 2012: (a) sand distribution map; (b) silt & clay distribution 
map 
 

According to these maps, it can be clearly noticed 
that, silt & clay particles (fine soil particles) are dis-
tributed with high amount all over the study area. On 
contrast, the sand particles are distributed with a low 
amount, which indicates that (silt & clay) are the 
predominant components of the deposited sediment 
particles.    

5 DISCUSSIONS  

5.1 Sediment and erosion changes 
Figure 9 and Figure 10 show the change in sediment 
and erosion amounts respectively from the year 2000 
to 2012, as estimated by using the statistics of the 
change categories (classes) in the maps of changes. It 
is observed from Figures 9 and 10 that there was an 
increase in the amount of sediment from years 2000 
– 2004, 2006 – 2008 and 2010 – 2012 accompanied 
with a decrease in the amount of erosion in the same 
periods. 

Otherwise, there was a decrease in the amount of 
sediment from the year 2008 to to the year 2010 ac-
companied with an increase in the amount of erosion 
in the same period. From the year 2004 to 2006, the 
amount of sediment is nearly equal to the amount of 
erosion. 

 



 
Figure 9. Sediment amount in the study area. 

 

 
Figure 10. Erosion amounts in the study area. 

 
Table 1 shows the change in sediment and erosion 

2D surface areas respectively from the year 2000 to 
the year 2012, it is obvious from this Table that the 
values of the 2D areas of sediment and erosion were 
approximately proportional to the amounts of 
sediment and erosion, as the amount of erosion 
increase lead to increase in its 2D area and vice 
versa, and the same manner for sediment. 

5.2 Effect of inflow quantity on sediment and 
erosion amounts 
The results presented in Figures (9 and 10) can be 
explained in terms of inflow quantity. Table 2 shows 
the difference in the annual inflow quantity (dis-
charge) in the study area, which recorded at Aswan 
at the end of July, MWRI (2012). 

 
Table 1. 2D surface area of Sedimentation and Erosion from 
the year 2000 to 2012 

 
Time 
period 

2D area of sediment 
(Km2) 

2D area of erosion 
(Km2) 

2000 – 2004 227.45 47.06 
2004 – 2006 145.70 91.38 
2006 – 2008 216.05 48.84 
2008 – 2010 59.93 205.81 
2010 – 2012 222.28 50.19 

 

Table 2. The quantity of inflow from (2000 – 2012) 
 

Year Inflow (Bm3) Average (Bm3) 
2000 - 2001  69512 

59678 
2001 - 2002  70878 
2002 - 2003 41794 
2003 - 2004  56528 
2004 - 2005 47287 

50403 
2005 - 2006 53518 
2006 - 2007 80420 

78170 
2007 - 2008 75920 
2008 - 2009  55130 

48635 
2009 - 2010 42139 
2010 - 2011 63314 

56700 
2011 - 2012 50085 

 
By comparing this Table with Figure 10, it is ob-

served that the amounts of erosion affected directly 
by the amounts of inflow, as the decrease in the in-
flow quantity lead to increase in the amount of ero-
sion and vice versa, that explains the change in the 
amount of erosion from the year 2000 to the year 
2012. 

From Table 2 and Figure 9, it is clear that there is 
an increase in sediment amount between years 
 2000 – 2004, 2006 – 2008 and 2010 – 2012 due to 
the increase in the inflow amount. While, there was 
a decrease in sediment amount between 2008 – 2010 
due to the decrease in the inflow quantity. In spite of 
this, a direct relation between the sediment amount 
and the incoming flow to the lake couldn’t be detect-
ed. As, sediment amount depends not only on the 
quantity of inflow but also, some other parameters 
such as: the particles size of sediment, the inflow ve-
locities and shape & size of the lake’s cross sections 
which are perpendicular to the incoming flow to the 
lake.  

5.3 Effect of sediment and erosion amounts on the 
water capacity of the study area  
Table 3 illustrates the effect of sediment and erosion 
amount on the water capacity from the year 2000 to 
2012. This table indicates that there is a decrease in 
the water capacity from the year 2000 to 2008 and 
from the year 2010 to 2012 due to sediment accumu-
lation (the amount of sediment is higher than the 
amount of erosion). Otherwise, there is an increase 
in the water capacity by 0.597 Bm3 from the year 
2008 to 2010, because of the higher amount of ero-
sion than the amount of sediment.  

The previous results showed that by increasing 
sediment amount than erosion amount, the water ca-
pacity decrease and vice versa. 

 



Table 3. Effect of sediment and erosion amounts on the water capacity 
 

Year Time period 
Water  
capacity 
(Bm3) 

Difference between 
sediment and erosion 
=Total change 
amount (Bm3) 

Case 

 
Type of total 
change 

2000  4.964    
 2000 – 2004  0.856 Decrease in water capacity Sedimentation 
2004  4.108    
 2004 – 2006  0.046 Decrease in water capacity Sedimentation 
2006  4.062    
 2006 – 2008  0.557 Decrease in water capacity Sedimentation 
2008  3.505    
 2008 – 2010  -0.597 Increase in water  capacity Erosion 
2010  4.102    
 2010 – 2012  0.822 Decrease in water capacity Sedimentation 
2012  3.28    

 
 

5.4 Comparisons 
Table 4 illustrates that the total amount of sediment 
from the year 2000 to 2012 was about 1.684 billion 
m3. This amount is the Sum of total change amount 
from table 3. This value is very close to the 
estimated sediment amount by AHDA (the 
traditional method) which has a value equal to 1.617 
billion m3, NRI (2012). This means that the present 
approach, which based on building 3D profiles for 
the study area, overestimate the sedimentation 
amount by about 4% from the year 2000 to 2012 
compared to the results of the method used by 
AHDA. This low percent indicate the high perfor-
mance of AHDA and NRI in measuring and collect-
ing the sediment data. 

 
Table 4. Comparison between the present results and those of 
the traditional methods for sediment amount estimation in the 
study area from the year 2000 to the year 2012. 

 

Time period 
Amount of sed-

iment by GIS/RS 
method (Bm3) 

Amount of sed-
iment by AHDA 
method (Bm3) 

2000 – 2012 1.684 1.617 

5.5 Amounts of sediment components 
Table 5 obviates that; the total amount of the depos-
ited sand from the year 2012 was about 0.03 billion 
m3. Moreover, the amount of the deposited (silt & 
clay) was about 1.654 billion m3. 
These amounts were computed from the statistical 
analysis of both the sedimentation distribution map - 
shown in Figure 6 -and the lake bed soil particles 
distributions maps shown in Figure 8. These compu-
tations were performed by using the Raster calcula-
tion tool in ArcGIS software. According to these 
amounts it can be noticed that, the predominant sed-
iment particles in the study area are silt & clay which 
represent about 98.2 % of the total amount of sedi-
ment particles.  

 
Table 5. The amounts of sediment components materials in the 
study area from the year 2000 to 2012.  

 

Time period 
Amount 
of sand  
(Bm3) 

Amount of 
silt & clay 

(Bm3) 

Total amount 
of sediments 

(Bm3) 

2000 – 2012 0.03 1.654 1.684 

6 CONCLUSION 

This paper presents and discusses the results of 
detecting the changes in the bed surface (sediment / 
erosion) of the active sedimentation Portion of As-
wan High Dam Lake, based on using RS/GIS tech-
niques. The results indicated that sedimentation are 
dominant in years with high flood while erosion oc-
curs when the incoming flow to the lake is low. 
Moreover, results indicated that the present ap-
proach, which based on building 3D profiles for the 
lake, overestimate the sedimentation amount by 
about 4% from the year 2000 to 2012 compared to 
the results of the method used by AHDA, based on 
the complementary cross sections. 
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