
�

Modeling High Aswan Dam Reservoir Morphology Using Remote Sensing to Reduce
Evaporation
Elba, Emad; Farghaly, Dalia; Urban, Brigitte

Published in:
International Journal of Geosciences

DOI:
10.4236/ijg.2014.52017

Publication date:
2014

Document Version
Publisher's PDF, also known as Version of record

Link to publication

Citation for pulished version (APA):
Elba, E., Farghaly, D., & Urban, B. (2014). Modeling High Aswan Dam Reservoir Morphology Using Remote
Sensing to Reduce Evaporation. International Journal of Geosciences, 5(2), 156-169.
https://doi.org/10.4236/ijg.2014.52017

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 03. Juni. 2023

https://doi.org/10.4236/ijg.2014.52017
http://fox.leuphana.de/portal/en/publications/modeling-high-aswan-dam-reservoir-morphology-using-remote-sensing-to-reduce-evaporation(7c730c7f-d3fe-469e-81ba-1678dc3a69b0).html
http://fox.leuphana.de/portal/de/persons/dalia-farghaly(cc6b849a-e1dd-401a-9d6e-9cc626a1385f).html
http://fox.leuphana.de/portal/de/persons/brigitte-urban(f8fbb5a3-ff67-4d60-bd7d-85d2f2800d7c).html
http://fox.leuphana.de/portal/de/publications/modeling-high-aswan-dam-reservoir-morphology-using-remote-sensing-to-reduce-evaporation(7c730c7f-d3fe-469e-81ba-1678dc3a69b0).html
http://fox.leuphana.de/portal/de/publications/modeling-high-aswan-dam-reservoir-morphology-using-remote-sensing-to-reduce-evaporation(7c730c7f-d3fe-469e-81ba-1678dc3a69b0).html
http://fox.leuphana.de/portal/de/journals/international-journal-of-geosciences(df67b9cc-e050-4fc7-a801-ec8139675a2f)/publications.html
https://doi.org/10.4236/ijg.2014.52017






E. ELBA  ET  AL. 

OPEN ACCESS                                                                                         IJG 

158 

 

 
Figure 2. Methodology for reducing the evaporation losses of the HADR. 

 
2.1. Study Area 

The largest khor in HADR is Khor Toshka. This khor 
cannot be eliminated due to its function as a spillway for 
the HAD. Furthermore, the intake of the Shiekh Zayed 
canal is located on this khor. This canal will irrigate the 
new reclamation lands in the South of Egypt [21]. 
Therefore, Khor Kalabsha and Khor El-Alaky were se-
lected as large khors to be studied. In addition, Khor Sara 
and Khor Korosko with their small surface areas were 
selected due to their high evaporation rates. Lake maxi-
mum level was 181.6 m AMSL Thus, the khors’ surface 
areas were measured with respect to it. The evaporation 
loss rates for each khor was estimated using the annual 
distribution of the evaporation losses over the lake pre-
sented in Figure 3. 

Khor Kalabsha is the second largest khor in the lake. It 
is about 30 km upstream of the HAD, in the Western 
Desert. It has a surface area of 600 Km2, about 10% of 
the lake’s entire area. It loses about 2700 mm of water 
annually, due to evaporation. Thus, it is expected that 
eliminating it will lead to a substantial reduction in eva-
poration losses. Khor El-Alaky is about 100 km upstream 
of the HAD and extends into the Eastern Desert. It has a 
large surface area of 500 km2 and experiences 2500 mm 
evaporation losses annually. Thus, it is expected that 
eliminating this khor will help also in substantially de-
creasing evaporation losses. The other two khors inves-
tigated in this study, Koroso and Sara, are not as large as 
khors El-Alaky or Kalabasha; however, both experience 

high evaporation rates. Khor Korosko is found in the 
Eastern Desert at about 180 km upstream of the HAD 
and covers about 103 km2 at water level 182 m. It is 
steep sided and relatively narrow with a rocky bottom. It 
loses about 3000 mm annually through evaporation. 
Khor Sara is located about 325 km upstream of the HAD 
reaching into the Western Desert. It is one of the minia-
ture khors in HADR and has a surface area of only 50 
km2. It suffers from high evaporation losses of about 
3100 mm per year. 

2.2. HADR Meteorological Database 
(HADRMTDB) 

The lake is meteorologically monitored to estimate the 
daily evaporation losses by six meteorological stations 
covering the entire lake. Data on daily evaporation losses 
at each station since its operation until 2010 were stored 
and assembled in a new meteorological database for 
HADR (HADRMTDB). Thus the daily, monthly and 
annually averages have been estimated. The mean daily 
evaporation losses per month for the entire lake, and the 
mean annual evaporation losses per station are presented 
in Figure 3. The annual evaporation losses estimated 
from these stations were converted into a GIS layer, and 
interpolated to produce the distribution of mean annual 
evaporation losses along the lake for remote areas as 
shown in Figure 3. Using the HADRMTDB, the mean 
evaporation losses are estimated to be 7.4 mm/day, equal 
to 2700 mm/year. 
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Figure 3. Chart for the mean monthly evaporation rate reflected by the meteorological stations situated along the lake in 
mm/day, and the distribution of the annual evaporation losses along the HADR in mm. 
 
2.3. HADR Hydrological Database  

(HADRHYDB) 

The lake surface water level and the lake flow measured 
daily at Aswan station since 1964 were stored and as-
sembled in a new hydrological database (HADRHYDB). 
There are more than 16000 water level records covering 
the period from 1964 to July 2010 as shown in Figure 4. 
The lowest water level of 150.62 m AMSL was recorded 
on 21st July 1988. The highest level of 181.6 m AMSL 
was measured during the period from 10th to14th No-
vember 1999. According to the HADRHYDB, the mean 
water level is about 178 m AMSL. 

2.4. Landsat Imagery  

Lake Nasser covers large inaccessible areas, thus satellite 
imagery was used to define the lake actual morphology. 
New imagery was needed due to the lack of new up-to- 
date topographic maps and the fact that the lake edges at 
different elevations have changed due to erosion events 
since HAD construction. Landsat ETM7 and Landsat 
TM5 were utilized in constructing new contour lines for 
HADR at different elevations. The lake is generally cap-
tured by a set of four images. Thus, over 300 images 
were downloaded to select the appropriate sets for each 
water level. The surface water level for every set was 
identified by using the developed HADRHYDB database. 
Hence, proper sets with similar water levels were se-
lected and used in identifying the surface water area as 

listed in Table 1. The lake sides have a smooth incline, 
thus a step of 1.5 m is adequate to embrace various sur-
face areas. Twenty imagery sets were used, consisting of 
80 Landsat images for the years 1984 to 2005. The least 
surface area was obtained from the imagery set of August 
1987 at water level of a about 154.5 m AMSL, while the 
largest area was attained from the imagery set of No-
vember 1999 when the lake reached its peak water level 
of 181.6 m AMSL. 

All the images were transformed together. Each set of 
four images was mosaiced into one imagery using ER-
DAS IMAGINE. Band 4 is the near infrared band with 
wave length ranging between 0.77 and 0.90. Conse-
quently, it emphasizes biomass content and shorelines as 
stated on USGS website  
http://landsat.usgs.gov/best_spectral_bands_to_use.php.  

Thus the mosaiced imagery sets were imported into 
ENVI EX to delineate lake shorelines using band 4. The 
outputs of lake delineation were exported to ERADS 
IMAGINE to manually edit the edges to correct the clas-
sification errors occurring around the lake shore lines. 
The adjusted water layers were transformed then to shape 
files. These shape files were subsequently edited to era-
dicate all small polygons. Hence, the main polygon for 
each altitude was converted to a polyline representing 
contour lines of individual water levels. These polylines 
were attached to a new shape file layer for the contour 
lines at 154.5 m to 181.6 m AMSL as shown in Figure 5. 
The interpolation of these individual contour lines was    
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Figure 4. Water level measured at Aswan station from 1964 till 2010. 

 

 
Figure 5. Contour lines extracted from satellite images, and 
spot heights computed from the HADR survey in 2007. 
 
needed for water levels over 154 m and below 182 m 
AMSL. Using old aerial photo acquired in the 1960s 
which has the original Nile morphology before HAD 
construction, the contour line of 92 m was extracted. 

2.5. Lake Survey 

Each year, the MWRI conducts a bathymetric survey for 

Lake Nasser, to identify the lakebed along many sections 
as shown in Figure 5. For altitudes below 154 m, the 
lakebed elevations computed using the bathymetric sur-
vey, were used as spot heights. Moreover, the MWRI 
monitors lake water quality and performs a geological 
survey along the lake shores. Past surveys showed that 
the sedimentation rate is particularly high in Lake Nubia 
which required surveying as presented in Figure 5. Elba 
visited HADR in January 2007, spending 30 days on the 
survey ship collecting the required data. Figure 5 shows 
200,000 points along the lake where water depths were 
measured in 2007. The depths are subtracted from the 
lake surface water level measured during this phase to 
detect the lake bed altitudes above mean sea level. These 
levels are generated as point shape file. The generated 
layer was utilized as spot heights for the lake levels be-
low 154 m within the lake Egyptian division, and below 
160 m within the Sudan division due to the high sedi-
mentation rates there [9]. 

2.6. Topographic Maps 

Since the area around HADR was not subject to any ero-
sion or sedimentation events, old topographic maps of 
scale 1:100,000 produced in the 1960s before HAD con-
struction was used to delineate the contour lines for the 
region outside the lake margin at its maximum water 
level of 181.6 m AMSL The contour lines within the lake  
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Figure 7. Scatter diagram for the surface area estimated by the HADRDEM and by the NWS. 

 

 
Figure 8. The HADR’s altitudes and the correspondence water volume estimated by the HADRDEM and by the NWS. 

 
3.4. Case Study 
To study the effect of eliminating the chosen khors, the 
four khors were isolated from the HADRDEM, for anal-
ysis of their hydrological characteristics individually. 
Using the isolated DEMs, average depth, surface area, 
and water volume were computed for each khor. Some 
alternatives were suggested to select the best location for 
eliminating each khor. The alternatives were analyzed 
and evaluated according to the cross section of the dam; 
the length of the dam; the saved surface area downstream 
the dam; and the water volume downstream of the dam.  

According to these criteria, the most cost-effective and 
practical solution for each khor was selected. Each khor 
was removed from HADRDEM at the selected sections 
in order to study the impact of eliminating them on hy-
drological features of HADR individually. The new 
DEMs were again investigated to determine the new sur-
face area and the new lake water volume for each eleva-
tion, and to build new mathematical models between 
them.  

For the four case studies, the newly constructed ma-
thematical models were used to estimate the saved eva-  
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Figure 9. Scatter diagram of the HADR’s surface area estimated by the HADRDEM and the developed mathematical model. 
 

 
Figure 10. Scatter diagram of the HADR water volume estimated by the HADRDEM and the developed mathematical model. 
 
poration losses at each water level under current climatic 
conditions. According to the MWRI prepared climatic 
scenarios, the ECHAM5 model predicts that due to cli-
mate change impact evaporation losses will increase by 
about 2.7% in 2030, 5% in 2050, and 10% in 2100, while 
HadCM3 expects higher evaporation by about 3% in 
2030, 4.5% in 2050, and 8.5% in 2100 [14]. These rates 
are used in forecasting the expected reduced evaporation 
losses after eliminating each khor at each water level. 

3.4.1. Khor Kalabsha 
By isolating Khor Kalabsha DEM, it is found that the 
khor mean depth is 10 m at 182 m level, and can reach 
up to 32 m. Many alternatives were analyzed to select the 
prime alternative for eliminating this khor as shown in 
Figure 11. It is obvious that section 4 has the least cross 
section area and can save almost the same area and vo-
lume as the other sections. Hence alternative 4 is the best 
location for eradicating Khor Kalabsha. Numerous pro-  
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Figure 11. Assessment of the alternatives for removing Khor Kalabsha. 

 
cedures are available to eliminate this khor such as 
building dams, filling the khor area with sediment or 
covering the water with plastic sheets used for reducing 
the evaporation losses over open lakes. 

The results of the elimination process at section 4 are 
presented in Figure 12. The lake water levels at same 
water volumes will rise by at most 90 cm after eliminat-
ing Khor Kalabsha. This is due to adding over 5 BCM of 
water volume located previously in Khor Kalabsha at 
181 m AMSL. The remaining lake area will be about 
6000 km2 at water level 181 m a.s.l reducing the evapo-
ration area by about 600 km2 at most. The mean annual 
evaporation rate over Khor Kalabsha is about 2700 mm. 
Thus, the saved evaporation loss is estimated to be 1.7 
BCM under current climatic conditions. The effects of 
climate changes are listed in Table 2. The saved evapo-
ration losses can reach up to about two BCM by year 
2100. Moreover, the khor area could be used as agricul-
tural land to add more than 500 km2 to the reclamation 
land in Egypt. 

3.4.2. Khor El-Alaky 
By separating Khor El-Alaky DEM, it is found that the 
bed elevations of the khor vary from 150 m to 182 m. 
The different alternatives to close the khor are shown in 

Figure 13. As alternatives 7 and 8 have a huge cross 
section area, they should be abandoned for economic 
reasons. Alternatives 1, 2, 5, 6 will save only around 100 
km2. This area is quite small to perform any measures 
there. Hence, alternatives 3 and 4 with larger than 160 
km2 area should be considered. Section 3 has a less cross 
section area than section 4 and reduces about the same 
surface area. Therefore, it is recommended that a dam be 
constructed at section 3 and this will eliminate about 167 
km2. 

The results of eliminating the khor at section 3 are 
presented in Figure 14. Comparing the lake water level 
before and after eliminating Khor El-Alaky at same wa-
ter volumes, the lake water level will rise by at most 30 
cm after eliminating the khor. This is due to adding over 
1.9 BCM of water volume located previously in Khor El- 
Alaky at an elevation of 181 m. The clipped lake area 
will be about 6340 km2 at water level 181 m a.s.l reduc-
ing the evaporation area of about 160 km2 at most. For a 
mean annual evaporation rate of 2500 mm over Khor 
Elalaky, the saved evaporation losses from the lake sur-
face are estimated to be about 0.4 BCM under the present 
climate. The effects of climate change are listed in Table 
3. It is found that the reduced evaporation losses can 
reach up to about 0.45 BCM by the end of the 21st century.   
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