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ABSTRACT

In this study, morphological changes of the Nile have been identified using RS/GIS technologies
based on multi-temporal Landsat images. In doing so, different satellite-derived indices including
Normalized Difference Water Index (NDWI), Water Ratio Index (WRI), and Automated Water
Extraction Index (AWEI) were applied to extract the surface water areas and detect the temporal
changes in the study reach from Landsat extracted data. The results illustrate the effectiveness and
superiority of the NDWI index in extracting and detecting the changes of the water surface areas. It
has the highest overall accuracy (more than 95%) and the lowest absolute error when applied for
change detection for the fourth reach. Also, the results indicate an intense decreasing in water surface
area in the period 1987-2009 (by about 11.5% of the area 1987). Moreover, the paper presents both the
gualitative and quantitative assessment of the surface changes in both island and banks through the
period from 1987 to 2009.
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1 INTRODUCTION

River morphology refers to the field of science dealing with changes of river planform and cross-
section shape due to sedimentation and erosion processes, Hydro., et al. (1996). Studying the rivers
morphological changes is helpful for further planning of river training and management in an effective
manner.

The River Nile, the longest river in the world, stretching for 6,000 km, Ahmed et al. (2011), has
subjected to major morphological changes during the past decades and it is of the utmost important for
Egypt to monitor these changes, as this river is considered the main source of the country fresh water.

In the recent decades, Remote Sensing and GIS technologies are mainly used to identify the
morphological changes of rivers. Remote sensing and GIS technology show the great potentiality to
study the morphological change of the rivers, Alam et al. (2007) as an example.

Many researchers used remote sensing technology in studying morphological changes of rivers.
Center et al. (2008) studied the morphological changes of Dough River in the north of Iran using GIS.
Moghaddas et al. (2013) investigated the Sistan River morphology using Rosgen classification. Negm
et al. (2017) investigated the morphological variation of the Nile River First and Second Reaches
using RS/GIS techniques. Du et al. (2012) estimated surface water area changes using time-series
Landsat data in the Qingjiang River Basin in China.

The aim of this study is to detect the morphological changes in the fourth Nile River reach that
occurred between years 1987 and 2009 using RS and GIS technologies.
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2 STUDY AREA AND DATA COLLECTION
2.1 Description of the Study Area

River Nile mainly consists of a single channel with a total length of 953.5 km from downstream
Aswan High Dam to Delta Barrage. This channel is divided into four reaches segregated by four
historical barrages, Sadek (2013). The fourth reach is the most downstream reach between Assiut and
Delta Barrages with a total length of 408.75 km as shown in Figure 1. The study focuses on Warraq
El-Hader Island which is located between latitude 30°7'52.57"N and 30°5'48.42"N.

The fourth reach of the Nile River has been selected to represent the present study as it is more critical
than the other three reaches because it has not yet reached the complete hydraulic and morphological
stability. In addition, this reach is the longest one of the four reaches with a length of about 410 km,
Mostafa (2012).
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Figure 1. Location of the study area (fourth reach) in Nile River.

2.2 Satellite images (Remote Sensing data)

Twelve satellite images are downloaded freely from the Global Land Cover Facility (GLCF)
website, GLCF (2014) in Geotiff (systematic correction) product with (Path/Row = 176/039, 176/040,
176/041) to completely cover study area. The first three images are Landsat TM data acquired on
1987. Meanwhile, the remaining nine images are Landsat ETM+ data acquired in years 1999, 2005,
and 2009 respectively (three images per each). The used Landsat images were georeferenced using the
world reference system (WGS-84 datum) to Universal Transverse Mercator system (UTM), zone 36
N. Also, these images are free of radiometric, noise, and geometric errors, Du, Zhigiang, et al. (2012).
All images were obtained for the same season almost (summer) to avoid the seasonal water level
change. Table 1 shows the specifications of Landsat images.

Table 1. The specifications of the acquired RS data.

Satellite Sensor Path/Row Year Spatla}l
Resolution

176/041

Landsat-5 ™ 176/040 1987 30m
176/039
176/041 1999

Landsat-7 ETM+ 176/040 2005 30m
176/039 2009
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3 METHODOLOGY

After setting the objectives of the present study, the study methodology was planned as shown in
Figure 2.

Figure 2. Flowchart showing methodology adopted in this study.
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3.1 Pre-Processing of Landsat Satellite Images

The study area is covered by three satellite images in each year from 1987 to 2009 with three
different path/row. So, firstly it was required to merge the three images with path/row of 176/039,
176/40 and 176/041 for each studied year. In this step, these three images were merged together
generating a new image covering the entire study area. The second step in the preprocessing is
clipping these images to cover only the study reach, since the collected Landsat images cover areas
bigger than the study area, Negm et al. (2017).

3.2 Extraction of Water Surface Features in the Study Area

In this respect, three spectral water indices, NDWI, AWEI and WRI, are applied to evaluate the
performance of each index and to find out which index is the best indicator of Land Surface Water
extraction for the year 2009. These indices are calculated by using raster calculator of Arc-G1S9.3
software. All indices equations and ranges for water bodies which rely on the variations in the satellite
images bands are summarized below, Rokni et al. (2014):

e Normalized Difference Water Index {NDWT)

Gr-MIE
GreentHNIE

water features have positive values
e Automated Water Extraction Index (AWEI)

AWEI=4*( Gr-MIR )-(0 2 5*NIR+2 75*SWIR)
water features have negative values

e Water Ratio Index (WERI)
GreentF
NIR+MIR

water bodies have values greater than 1

NDWI=

WRI=

The filtering process is applied to the generated water surfaces in order to reduce the error in the
extraction process and to increase the accuracy of the extraction. This process is based on the omission
of the small misclassified areas.

3.3 Accuracy Assessment of Water Area Extraction

This step was achieved by comparing and overlaying the extracted water area using the water
indices with the reference water area extracted from the reference maps. The reference maps were
generated utilizing careful on-screen digitizing of water surface area in Landsat image (band4) using
visual interpolation. Band 4 (the near infrared (NIR) band) is usually preferred because NIR is
strongly absorbed by water and strongly reflected by its higher ability to discriminate water from land
areas. Finally, the overall accuracy and the absolute error are computed to assess the validation of each
index for water surface area extraction, Rokni (2014).

3.4 Using the Water Features Extraction Technique in Change Detection of Surface
Water Area

The water indices are examined and analyzed for the year 1987 and year 2009. They are
independent, applied to extract the water surface areas of the reach from Assuit Barrages to Delta
Barrages. In the end, the extracted water surface area using each index for the year 1987 and the year
2009 are overlaid to present the water surface area change maps in the study period, the changes in the
surface area are likely to clear and observed to help in the accuracy assessment of the change detection
technique.
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3.5 Accuracy Assessment of Change Detection

Different accuracy assessment analyses are performed in order to evaluate the effectiveness of the
proposed technique for surface morphological change detection. In this respect, the absolute error and
the overall accuracy of the derived changes between years 1987 and 2009 are calculated for each index
based on the derived changes maps and the reference change results.

3.6 Multi-Temporal Change Detection Using the Most Suitable Technique

To perform this task, the most suitable technique for change detection according to its high
accuracy is performed to detect the temporal changes in surface water of the study area between
(1987-1999), (1999-2005), and (2005-2009), respectively.

4  RESULTS AND DISCUSSIONS

4.1 Surface Water Extraction of the total reach Using Different Indices

Figure 3 shows the derived (land-water) maps from satellite —derived indices and Table 2 shows the
accuracy assessment analysis.

_—ater s Land

Figure 3. The resulting (Land-Water) maps from Landsat Image 1984, (a) Reference Map, (b)NDW!I
Map, (c)WRI Map, and (d) AWEI Map.

Table 2 Accuracy assessment analysis of water surface extraction from (land-water) maps.

Index Water Area in | Absolute Error Overall
2009 (km2) (km2) Accuracy (%)
REF 165.2 - 100
NDWI 164.44 0.76 99.05
WRI 175.92 10.72 93.98
AWEI 167.71 2.51 96.82
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The results show the superiority of the NDWI method for surface water extraction compared to

other methods. The NDW!I achieved an absolute error of 0.76 km? and an overall accuracy of 99.05%
(the highest accuracy).

4.2 Surface Water Change Detection map for Warraqg El-Hader Island and its fringes
Using Different Water Indices

Figure 4 shows the generated change maps over the period 1987-2009 using NDWI, AWEI and WRI.

Warrag El-Hader Island which extends between latitude 30°7'52.57"N and 30°5'48.42"N is chosen as sample
results as it is exposed to various changes in the study period and it has the maximal area of changes through the

study reach.
Table 3 illustrates the computed absolute error and the overall accuracy for assessing the accuracy of the
results.
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Figure 4. The change detection maps from the year 1987 to the year 2009, (a) reference change map, (b)
NDWI change map, (c)WRI change map and (d) AWEI change map for Warraqg El-Hader Island and its
fringes.
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Table 3. Accuracy assessment analysis of water surface area changes between the year1987 and the
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year 2009.
Surface Water | Absolute Error Overall
Index | Area change (km? Accuracy (%)
(km?)

REF -21.26 - 100
NDWI -21.38 0.12 99.23
WRI -4.28 16.98 80.94
AWEI -2.87 18.39 82.48

Accuracy assessment analysis indicates the high performance of the NDWI method for water change
detection compared with other methods. As such, the NDWI achieved an absolute error of 0.12 km? and an
overall accuracy of 99.23%. Accordingly, the NDWI is used to model the spatiotemporal changes of the study
area in the period 1987-2009. For this purpose, the NDWI is calculated from the multi-temporal Landsat 1987,
1999, 2005, and 2009 images.

4.3 Surface Water Extraction of the total reach Using NDWI

AS the NDWI proved its high superiority in both the extraction and change detection, it was used
for extracting surface water area for years 1987,1999,2005 and 2009 individually as shown in figure 5
in order to detect the multi-temporal morphological changes that occurred in the study reach during
these periods as shown in Table 4

(a) (b) (d)

Figure 5. The NDWI (land- water) maps, (a) map of 1987, (b) map of 2000, (c) map of 2005 and (d) map of 2009.

Table 4. Statistics of water surface area changes.

Year Surface2 Surface areza
area(km?) change(km®)
1987 185.82
-4.79
2000 181.03
-7.9
2005 173.13
-8.69
2009 164.44
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The results showed that the total surface area of the study reach between the year 1987 and year 20009 was
decreased by about 21.38 km? (11.5 % of its surface area). The decrease in the study water surface was may be
attributed to the increase of the area of Nile river islands in the same period. Overall, the loss in water areas can
be explained through a morphodynamic study to understand the mechanism of the sedimentation process and
the increasing of islands area

4.4  Multi-temporal change detection using the most suitable technique
Figure 6 illustrate the change map of Warraq El-Hader Island and its fringes as sample results.
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Figure 6. The multi-temporal change maps, (a) 1987 to 2000, (b) 2000 to 2005and (c) 2005 to 2009 for
Warraq El-Hader Island and its fringes.
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5 CONCLUSIONS

In this study, historical Landsat imagery is used to investigate the morphological changes in the Nile River
fourth reach located between Assiut Barrages to Delta Barrages (inside Egypt) using RS/GIS technologies. The
results indicate the superiority of the NDWI method for water change detection compared with other methods.
As such, the NDWI gives an overall accuracy of 99.23%. Moreover, the results indicated that deposition has
more frequent occurrence than erosion for the whole reach during the study period from1987to 2009 as the total
surface area of the study area changes over the period between the years 1987 and the year 2009 are decreased
by about 21.38 km? (11.5% of total area). The authors recommended a morphodynamic investigation to the
same study area to understand the mechanism of such decrease in the surface areas.
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ABBREVIATIONS

RS  Remote sensing

GIS  Geographic information systems
km kilometer

Gr Green band

NIR  Near - infrared band

MIR Middle - infrared band

SWIR Short waves- infrared band

R Red band
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