Sustainable Development in Nasser Lake using the

Sustainable Development in Nasser Lake using the
Integration of Multi-Temporal Remote Sensing Imagery
and GIS

Soha A. Mohamed* and Ismail Youssef?
ligsr.soha.ahmed@alexu.edu.eg
The Higher Institute of Tourism, Hotels, and Computer (H.1.T.H.C.)
The Ministry of Higher Education and Scientific Research (MHESR), Egypt

2youssefegyptgeo@hotmail.com
Faculty of Art, Menofia University

Abstract

Water is considered one of the most essential elements for life on the earth.
Egypt is one of the countries in the world suffering from the water shortage
because of the global temperatures increase, decreased precipitation levels
due to the climate changes. Furthermore, the misuse of water resources and
inefficient irrigation techniques are additional factors worsen the water
security in Egypt. Nasser Lake was created as a result of the construction of
the Aswan High Dam (AHD) in 1960s to control flooding, store the
increased water and produce hydroelectricity. The objective of this research
was to monitor and detect the changes in Nasser Lake using integrated
techniques of satellite images and GIS. Two Landsat images acquired in
2000 and 2014 are used to investigate land cover changes in the lake and its
surroundings. The findings indicated that Nasser’s Lake total area decreased
from 5887.7 km? in 2000 to about 5364.4 km? in 2014. Five classes are
obtained from classifying satellite images, namely: deep, shallow water,
bare soil from type 1 and 2 in addition to quarries. Post classification change
detection showed that deep water was 5485.4 km? in 2000 and decreased to
be 4490.9 km? in 2013. The shallow water increased from 402.4 km? in
2000 to 573.5 km? in 2014. Markov chains is applied to predict and
simulate the future land cover changes from 2014 to 2050 to safeguard
against the adverse effects and negative consequences of land cover changes
and consequently achieve goals of sustainable development

Keywords: Land cover, remote sensing, GIS, image classification, post
classification, change detection, Markov chains.
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Freshwater is one of the most important natural resources in the
world as life and developmental activities are based water. In addition,
accurate information about land cover data is essential for planning, land
resources management and decision making (Mohamed, 2019; Mohamed
and El-Raey, 2018). Egypt’s total area is 1.1 million km? where desert
constitutes 90% and only 10% of the total area is inhabited and cultivated.
The total population nearly reached 92,115,689 million (CAPMAS, 2017)
with an annual growth rate of 1.9 % according to the recent statistics. The
increased population growth affects negatively the water supply and
increases the water demand for drinking, irrigation, agricultural purposes
and industrial development (Ahmed, 2018). Egypt is considered as an
extremely arid country with annual rainfall under 200 mm, which decreases
rapidly to be zero in the south of Cairo (Elba, 2014). Currently, Egypt is
standing below the level of water poverty and suffering from water scarcity.
There are major factors affecting Egypt’s water security such as the increase
in global temperatures and decreased precipitation levels due to climate
changes (Elsaeed 2011). Climate changes and its consequences of heat
waves, as well as the dry climate of Egypt, increase a significant loss of
water due to evaporation in Nasser’s Lake which considered the second
world’s largest man-made lake formed because of the construction of
Aswan High Dam (Mohamed and El-Raey, 2018; Hassan 2013).

The Nile River is the main source of fresh water in Egypt (Abdin
and Gaafar, 2008) which provides about 95% of fresh water supplies given
that 95 % of the Egyptian population lives within a ten-mile radius of the
Nile River. The Nile River basin covers 11 African countries, the upstream
countries, and downstream countries (Al-Labbad, 2013). Nile basin
countries are facing mainly rapid population growth and economic
changing, strong socio-economic dependency on the water with the absence
of water management which leads to increasing demand of water and energy
(Ibrahim, 2017). Egypt’s share of water from the Nile River is about 55.5
billion m® year. The agriculture sector consumes about 85.6% of the Nile
water (EI Agroudy et al, 2014).

2. Study area

Nasser Lake represents the second world’s largest man-made lake
formed as a result of construction of Aswan High Dam (Ghobrial, 2008;
Hala, 2011) extending from the northern part of Sudan to the southern part
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of Egypt between latitudes 21° 00° 00*’, 23° 46’ 44>’ N, and longitudes 30°
34’ 10°’, 33° 28’ 18’ E (Hamed, 2017) as illustrate in Figure 1. The surface
area of Nasser Lake is about 5200 km? with a maximum capacity of 165
km?® and mean depth of 25 meters; its surface elevation is 175 meters. The
lake is circa 550 km long more than 350 km in Egypt and the rest in Sudan
(Kim and Sultan, 2002; Ball, 1927; Dasco, 1998). Nasser Lake represents
the national freshwater bank of Egypt (Abd-Ellah, 2016) and plays an
important role in the local and national economy (Mostafaa and Soussa,
2010; El-Shabrawy, 2009).
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Figure 1. Location map for Nasser Lake in Aswan Governorate, Egypt

Nasser Lake is located in a desert area with very low precipitation
and extremely high evaporation levels. The water loss due to the
evaporation ranges between 10 to16 billion m® per year, this is equivalent to
(20-30%) of the Egyptian budget from Nile water (Shaltout, 1997).
Maximum water levels in Nasser Lake have differed from about 160 meters
to 183 meters (EI-Gammal et al., 2010). Halls et al., (2016) stated that
during the past decade, maximum water levels have remained above 170
meters, fluctuating by about 1-2 m/yr. Water levels are classified into three
categories: (i) dead water level (<150 meters above mean sea level), which
is the minimum level required for operating the High Dam hydroelectric
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power station; (ii) live water level (150-175 meters); and (iii) flood-control
water level (175-183 meters). The Egypt government has taken some
important measures and ministerial decrees were issued to protect the lake
from pollution due to human activities. Decree 203/2002 identified a 2 km
buffer zone around, where it is not allowed to have any industrial,
agricultural and tourist activities. Therefore, the quality of water is enhanced
and the threats of environmental degradation due to regional sources are
faced (Zaghloul et al., 2011).

3. Materials and Methods

Two data sources are used to accomplish the objectives of the study
including topographic maps and satellite images. Topographic maps of scale
1:50000 obtained from the General Egyptian Survey Authority produced in
1990. Two Landsat images have been downloaded freely from
http://earthexplorer.usgs.gov and acquired in 2000 and 2019 as shown in
Figure 2.
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Figure 2. Landsat images for Nasser Lake, Egypt

The spatial resolution of the acquired images was 30 meters, so
panchromatic band is fused with multispectral bands to enable good visual
analysis, with the spatial resolution 15 meters. The study area was covered
with three scenes, which were geometrically corrected and registered to the
UTM coordinate system, zone 36N; datum name WGS84. Figure 3 shows
the flowchart methodology:
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Figure 3. Methodology flowchart

The methodology can be summarized in the following steps:

1. Image preprocessing included layer stacking (band combination), image
mosaic (as study area was covered by three scenes), and resolution
merge to merge multispectral (30 meters) with a panchromatic spatial
resolution (15 meters).

2. Image processing included three steps namely: unsupervised, supervised
classification and accuracy assessment. The unsupervised classification
was carried out using The Iterative Self-Organizing Data Analysis
Technique (ISODATA) to classify the image into 50 clusters. The
number of iterations is adjusted as necessary to achieve a 99%
convergence level. As a next step, the supervised classification using a
maximum likelihood algorithm was carried out using collected training
samples from field visits to represent different land cover features for
the study area. The training sample of unreachable locations was
identified with the aid of digital globe and google earth. All collected
training samples are merged into one file in the polygon form and stored
as vector layers. As, a consequent step, the training samples were used
to generate a set of signatures for each available land cover cluster. The
signatures from unsupervised classification with collected training
samples were used as input to the supervised algorithm to perform
hybrid classification.

3. The hybrid classification was used to detect changes and generate land
cover maps for Nasser Lake in Egypt in the time period from 2000 to
2019.
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4. Accuracy of hybrid classified images was assessed using 500 random
points distributed equally in the generated five classes. The accuracy
random points were collected from both of field visits, topographic
maps, digital globe and google earth.

5. Post-comparison change detection technique is applied to get the change
images.

4. Results and Discussions

The classification accuracy the Landsat-7 ETM+ 2000 and Landsat-
8 OLI/TIRS 2019 images were 83.95 % and 85.71 % respectively. It is
noticed that many changes occurred in land cover from 2000 to 2019 as seen
in Table 1 and Figure 4.

Table 1. Change in land cover classes (2000-2019)

Land Cover | Area (2000) km* | Area (2019) km®
Deep water 5485.34" 4490.9
Shallow water 402.37 573.5
Axial
Vegetation i 88
Bare Soil (1) 43827.49 39597.9
Bare Soil (2) 11521.74 16226.9
Quarries 5539.99 6508.9
Total area 66777 66777

“Water area including both of Nasser Lake, Toshka Lakes, and Toshka canal
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Figure 4. Nasser Lake hybrid image classification

To measure changes in water areas, post classification change
detection analysis was carried out. Figure 5 shows the changes in water area
classes in the time period from 2000 to 2019. Deep water was about 5485.4
km? and decreased to 4490.9 km? with a loss of about 994.5 km?. The
decrease concentrated in the southern part of Nasser Lake and in Toshka
Lakes which is dried completely in 2019. The Toshka Lakes are converted
completely from water body to barren land due to water loss. Shallow water
class was increased from 402.4 km? in 2000 to 573.5 km? in 2019. The
shallow water appeared in the south of Nasser Lake and in many parts in the
Lake. The connecting canal (Toshka Canal) between Nasser Lake and
Toshka Lakes is completely dried in the year 2019.
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Figure 5. Water change in Nasser Lake

In this study the obtained results are found to be matched with
https://global-surface-water.appspot.com website, which presents water
occurrence around the world in the time period from 1984 to 2019. Water
areas appeared to be permanent are in blue color where lost and disappeared
water areas appeared in magenta grades as shown in Figure 6.
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Figure 6. Lake Nasser water occurrence
Source: global-surface-water.appspot.com
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Modeling of future land cover for Lake Nasser in year 2050 is performed
using Markov chains in the Idrisi selva software version 17.00 that was
developed by Clark Labs, Clark University. The future land cover in 2050
are based on supervised images of 2000 and. Markov chains yeilds a set of
conditional probability images as seen in Figure?.

The results in this study revealed that:

1. The shortage in water will have a dangerous impact in Egypt will be a
reduction in power generated at Aswan High Dam when the water levels
of Nasser Lake are decreased, the electricity production of the High
Dam and Aswan Reservoir Reduce by about 20%. Water deficit in the
river with an average annual income of 10 billion cubic meters on
average, the Nile flow into Egypt could be cut by 12-25% during the
filling period.

2. Reduction of the water level in the Nile, canals, and branches will affect
negatively on navigational and Nile cruises.

3. The decline of water flow leads to stopping land reclamation projects,
agricultural expansion and the end of Toshka project, Al-Salam Canal
and El-Hamam Canal in the Northwestern coast.

4. Lack of irrigation water will lead to expansion in the use of agricultural
drainage water for irrigation reaching currently about 7 billion m3 per
year, which doubles the salinity 3 times after each irrigation then the
water reaches the banks again with higher concentrations in each
irrigation, leading to increased water salinity of agricultural lands in the
Delta.

5. Increase in seawater intrusion in coastal aquifers in North Delta, affecting
groundwater quality and increased salinity in these aquifers
Environmental degradation and increasing pollution leading to an
imbalance in the natural ecosystem in Egyptian North Lakes due to
water shortage.

5. Conclusions and Recommendations

Egypt needs innovative plans to conserve and manage the current
freshwater resources to face the growing water demand for the booming
population growth, irrigate agriculture, and industrial activities. Solving the
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water crisis will require coordinated efforts from local, national and
international levels. There are several ways to solve the problem such as:
1. Efficient use of water in irrigation techniques to reduce and sustain
water consumption and loss.

2. Modify current irrigation systems from surface irrigation to modern
sprinkler and drip irrigation.

3. Carry out most of the irrigation at night to reduce evaporation water
loss as much as possible.

4. Reuse of drainage water and municipal water after suitable
treatment.

5. Carry out and promote desalination of seawater.

6. Importance of international co-operation between the River Nile
basin countries.

7. Define a strategy for freshwater conservation support as integrated
water management for Nasser Lake to provide decision makers with
the status of the Lake.
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