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Abstract: Rosetta Promontory, Egypt has been suffering from a continuous erosion
problem. The dramatic retreatment was observed during the last century. It is basically due
to the construction of Aswan High Dam in 1964, which reduced the flow and sediment
discharges. In this paper, four Landsat images (two Thematic Mapper and two Enhanced
Thematic Mapper) covering the period from 1984 to 2014 were used. These Landsat images
were radio-metrically and geometrically corrected, and then, multi-temporal post-classification
analysis was performed to detect land cover changes, extracting shoreline positions to
estimate shoreline change rates of the Nile delta coast around Rosetta Promontory. This method
provides a viable means for examining long-term shoreline changes. Four categories,
including seawater, developed (agriculture and urban), sabkhas (salt-flat), and undeveloped
areas, were selected to evaluate their temporal changes by comparing the four selected
images. Supervised classification technique was used with support vector machine algorithm
to detect temporal changes. The overall accuracy assessment of this method ranged from
97% to 100%. In addition, the shoreline was extracted by applying two different techniques.
The first method is based on a histogram threshold of Band 5, and the other uses the
combination of histogram threshold of Band 5 and two band ratios (Band 2/Band 4 and
Band 2/Band 5). For land cover change detection from 1984 to 2014, it was found that the
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developed area that increased by 9% although the land in the study area has been contracted
by 1.6% due to coastal erosion. The shoreline retreat rate has decreased more than 70% from
1984 to 2014. Nevertheless, it still suffers from significant erosion with a maximum rate of
37 m/year. In comparison to ground survey and different remote sensing techniques, the
established trend of shoreline change extracted using histogram threshold was found to be
closely consistent with these studies rather than combining band ratio with histogram threshold.

Keywords: remote sensing; change detection; land cover; shoreline; Rosetta

1. Introduction

Coastal zone monitoring is an important task in sustainable development and environmental
protection. Land use and land cover changes have become a central component in current strategies for
managing natural resources and monitoring environmental changes [1]. Therefore, detection and
measurement of terrain and land cover changes for coastal zones is an important task in environmental
monitoring, since shoreline variations have a direct impact on economic development and land
management [2,3]. Similar to other delt as worldwide, the Nile Delta has been experiencing significant
shoreline erosion due to natural and anthropogenic factors. This change from a zone of accumulation to
one of depletion is attributed primarily to the construction of seven barrages along the Nile, from Aswan
to the lower Delta, Aswan Low Dam in 1902 and the Aswan High Dam (AHD) in 1964 [4,5]. The
barrages and dams have a marked control on the magnitude of peak discharges from the river and have
virtually eliminated sediment delivery to the coast since its construction. The actual quantity of Nile
surplus reaching the Mediterranean annually after construction of AHD amounts to 2.5-4 km®. Almost
all of this water passes through the northern delta lakes and other land effluents connected to the sea,
instead of flowing through the main Nile branches.

Remote Sensing plays an important role in spatial data acquisition from an economic perspective [6].
Optical images are simple to interpret and easily obtainable. Furthermore, absorption of infrared
wavelength of water and its strong reflectance by vegetation and soil make such images an ideal
combination of mapping the spatial distribution of land and water. Therefore, the images containing
visible and infrared band shave been widely used for coast line mapping [7].

Accurate and up-to-date information on shoreline changes positions can help researchers in a large
range of coastal studies such as the erosion-accretion aspects, coastal defense designing, prediction of
shoreline future positions, vulnerable areas, coastal protection, and sustainable coastal resources
management [8—11]. Change detection is the process of identifying differences in the state of a feature
or a phenomenon by observing it at different times [12]. The advantages of using remote sensing may
include the large ground coverage of satellite images, the multiple spectral information, the temporal
resolution of satellite data, the digital format of the images and the extending long period of the satellite
data archives [13].

There are several techniques for change detection using digital images that have been implemented
to monitor coastal area, see [12,14]. Change detection of satellite data ranges from visual comparison to
complex image processing schemes. Common change detection techniques include simple band ratio,
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principal component analysis, vegetation index algorithms, and others. Major data sources include MSS,
T™, ETM, Systeme Pour ’Observation de la Terre (SPOT), moderate resolution imaging spectroradiometer
(MODIS), advanced very high resolution radiometer (AVHRR), and other sensors [15]. Post classification
change detection is a famous technique applied to address thematic changes in satellite data. The
advantage of using this approach is its applicability to data from different sensors with a high degree of
confidence [16]. In addition, post-classification comparison proved to be an effective technique, because
datasets from two or more dates are independently classified, thereby minimizing problems arising from
atmospheric correction and/or sensor degradation [17]. In order to analyze the coastal processes and
develop predictive models, rates of shoreline changes are required [18]. Analysis of different remote
sensing images, including Landsat MSS, TM, ETM+ and Spot satellite along parts of the Nile Delta has
identified areas of erosion followed by beach accretion [18—23]. Numerous studies were carried out to
evaluate the shoreline change along Rosetta Promontory. For example, a previous study [24] reported
that Rosetta Promontory lost 14.7 km? between 1909 and 1988. In addition, MSS data was used to
monitor the shoreline at Rosetta Promontory between 1972 and 1987 in [21]. They concluded that
Rosetta Promontory was subjected to both degradation and aggradation processes. Also, changes in the
shoreline of the Nile Delta were assessed based on a field survey for beach profile at 65 positions along
the coastline of the Nile Delta. Consequently, the results evaluated the average annual rate of shoreline
retreatment along the Rosetta Promontory to be as much as 106 m/year between 1971 and 1990 [25].

Moreover, the changes in Nile Delta coastline during the period between 1984 and 1991 from three
TM images were detected using region growing image segmentation algorithm technique [23]. Hence,
the results revealed that Rosetta Promontory experienced a rapid rate of change during the period
1984-1991, which was estimated to be 113.8 m annually during this period.

In addition, the detailed temporal variations for the advances and retreats of the shoreline between
1500 and 2000 were diagramed [26], and it was concluded that the shoreline retreat at Rosetta was
estimated to be 20 m/year from 1941 to 1964. This rate accelerated to 120 m/year after 1964 until 1990
as a result of the construction of the Aswan High Dam. Moreover, the change occurred at Rosetta
Promontory until 2008 was studied in [15]; taking into account the impact of the constructed coastal
protection measures upon erosion/accretion patterns. In this study, four Landsat satellite images with
5-9 years apart are used in a post-classification analysis to map the changes, which occurred at Rosetta
Promontory due to coastal erosion.

The main objective of the recent study is to investigate the erosion/accretion areas, patterns, and its
rates along the Rosetta Promontory through employing shoreline extraction techniques, and compare
erosion rates with those collected from previous studies. Furthermore, land cover change detection
is performed to address the impact of the shoreline variations on the economic development and
land management.

2. Materials and Methods
2.1. Study Site

The study area of Rosetta Promontory lies on the northwestern Nile delta coast and extends
about 16 km east, 13 km west, 4 km north, and 11 km south referenced to the tip of the promontory
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(Figure 1). The promontory is one of the most important areas for monitoring beach erosion, since it is
used for transportation, agriculture, and fishing activities. The environmental problem represented in
sedimentation inside the inlet, and the continuous erosion that began after the construction of the Aswan
High Dam [4,27,28].

v

Figure 1. Study area, Rosetta Promontory at the terminal of Rosetta branch, SPOT
image, 2012.

2.2. Dataset

The image data was acquired at unequal intervals between 1984 and 2014, covering a time span of
30 years. The images have been acquired in summer season and in good quality, with no effective clouds.
Four satellite images were acquired as shown in Table 1: two from the Landsat TM (30 m spatial
resolution) acquired in 1984 and 1990; two Landsat ETM (30 m spatial resolution) acquired in 2005 and
2014. All image scenes were subjected to image processing using ENVI software version 4.8.

Table 1. Details of the satellite images used in this study.

Acquired Date SpacecraftID/Sensor Path/Row Pixel Size Coordinate Zone
(m) System/Datum
26 August 1984 Landsat 5/TM 177/38 30 UTM/WGS 84 36
3 August 1990 Landsat 4/TM 177/38 30 UTM/WGS 84 36
13 September 2005 Landsat 7/ETM 177/38 30 UTM/WGS 84 36
4 July 2014 Landsat 7/ETM 177/38 30 UTM/WGS 84 36

Assessing the impacts of the shoreline changes in the land cover pattern entails developing a
geo-database for the study area and delineating the shorelines at different points of time. Ageo-database
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for the study area was built based on a digital topographic map for the study area scale 1:50,000 sheet
no. NH36-M1d (Rosetta).

2.3. Image Pre-Processing

Firstly, all images were checked against any defects such as striping. The images of 2005, and
2014 already had gaps in all bands. Then, gaps were filled for the two images as shown in Figure 2. All
images were clipped to include our study area. After that, all images were corrected geometrically
and radiometrically.

Figure 2. (A) Landsat image (2005) before striping removal; and (B) after striping removal.

2.3.1. Geometric Correction

According to the metadata documentation, the TM, and ETM+ images used in this study are
ortho-rectified products. They are indeed in the World Geodetic System (WGS84) datum and the
Universal Transverse Mercator (UTM) projection system. The assessment of the geometric quality of
the images by superimposing linear objects such as (road intersections, prominent geomorphologic
features and river channels) permitted to observe significant discrepancies in the images. So, it was better
to geo-reference all images sets using digital topographic maps (1:50,000) to rectify all satellite
images [11,15].

Using ENVI 4.8 software, the topographic map in a digital format produced in 1993 was firstly
geo-referenced and rectified to a common UTM coordinate system. It was used as a base map to
geo-reference the Landsat image acquired in 1990 through image to map referencing. Then, the Landsat TM
image in 1990 was considered as the master image that was utilized to register the other images through
image-to-image registration. A total of at least 20 ground control points (GCP) was examined and
matched with all images. These points included: road intersections, prominent geomorphologic features
and river channels. After rectification, the route mean square error (RMSE) was found not to exceed
0.5 pixels, revealing a high geometric matching of the images. The RMSE could be defined as the
deviations between GCP and GP location as predicted by the fitted-polynomial and their actual locations.
Figure 3 shows the distribution of the ground control points on the Landsat image in 1990.
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Figure 3. (A) Landsat image (1990) after clipping; (B) distribution of ground control points
at the image(1990); and (C) a rectified digitized road map considered as the base map to
geo-reference Landsat (1990), then the Landsat image (1990) was used as the master image
for the other images.

2.3.2. Radiometric Correction

To achieve an accurate radiometric correction, first, the atmospheric scattering correction was
performed on the images using the dark-object subtraction method to correct any atmospheric
interference caused by haze, dust or smoke [11]. Then, the current radiometric correction was
implemented in one step using radiometric correction tool in ENVI software, which combines the sun
and view angle effects, and the sensor calibration with the atmospheric correction. The needed
parameters (offset/gain, sun elevation, and satellite viewing angles) are included with the Landsat
metadata documentation.

2.4. Image Classification

One of the most important applications of satellite remote sensing is to detect changes in land cover
to discern those areas on digital images that change features of interest between two or more dates [1].
Training well-known sites based on the field trips and spectral signatures of land and water in the region
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was used to identify each class. To make a suitable classification, all the spectral bands within the
TM and ETM images (1984, 2005 and 2014) except the thermal bands have been utilized in the
classification process.

The supervised classification by support vector machine algorithm was implemented in the
classification of the three images into four land cover classes which are recognized as follows; seawater,
developed areas (agriculture, urban), sabkhas, and undeveloped areas. The classified images were then
refined using 3 x 3 majority/minority analysis to remove odd pixels in the classified matrix and reduce
noise in the output maps.

2.5. Shoreline Extraction

Shoreline delineation through remote sensing techniques relies on the varied spectral behavior or
spectral response of water and other land surfaces at different wavelengths. Generally, water bodies
absorb most of the radiation in near-infrared and mid-infrared regions of the spectrum. Hence, the
reflectance of water is almost equal to zero in these wavelengths; meanwhile, the reflectance of various
land covers in both regions is higher than water.

According to this concept, coastline can be extracted from a single band image, since the reflectance
of water is nearly equal to zero in the reflective infrared bands. This can be achieved through estimating
histogram threshold for one of the infrared bands of the TM or ETM+ imagery [2].According to the
histogram threshold technique, water bodies can be separated from other land covers and shoreline is
consequently delineated from Band 5 (mid-infrared) in TM and ETM+ images. However, such a method
individually is not quite accurate in determining the shoreline; since the threshold value separating land
and water could be any value at this transition zone and consequently is not easily identified from
the histogram [2].

Another technique is to use band ratio method, which simultaneously uses two conditions of
Band 2/Band 4 and Band 2/Band 5 for producing binary image 1[29]. Then, binary image no. 2 was
developed later by using histogram threshold based on band 5. After that, the image no. 3 was produced
by multiplying the last two base images. Finally, the last stage includes converting raster to vector in
order to extract the shoreline.

In this study, the previous two techniques were used to compare the present results with the previous
studies. The first is to apply only the histogram threshold of Band 5. The second technique is to employ
a combination of the histogram threshold of Band 5 and two band ratios (Band 2/Band 4 and
Band 2/Band 5) as shown in Figure 4. After developing the final binary image, it is processed in
ArcGIS 10.1 (ESRI, RedLands, CA, USA) to display erosion/accretion patterns and calculate the annual
retreatment rate along the shoreline at Rosetta Promontory.

3. Results and Analysis
3.1. Land Cover Classification, and Change Detection

The accuracy assessment of all land cover maps ranged from 0.97 to 1.0 for the producer and user
accuracies as well as for the overall accuracy. The areas were computed for the land cover types in each
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of the classified images shown in Figure 5 in square kilometers. Table 2 shows descriptions for the land

cover types used for the analysis of the study area.

Landsat images
(TM, and ETM)

¢

Image pre-processing
(Filling gaps, geometric correction)

v

Image processing
(Dark object subtraction, and radiometric correction)

'

| !

Separation of water & land by Separation of water& land by multiplying
histogram thresholding of Band 5 band ratio (B2/Bs4), (B2/Bs)
Binary image 1 Binary image 2

| |
1

Multiplying binary
imagel, and image 2.

|

Final binary image

|

Convert binary image to vector, and
extract shoreline by ArcGIS 10.1

Figure 4. Flow chart for extracting coastline from Landsat images using threshold
histogram, and a combination of threshold histogram with band ratios.

It is illustrated from the results that, seawater area has increased from 121.8 km? in 1984 to
126.4 km? in 2014. In another meaning, the eroded land during this period is about the difference between
the two areas. In addition, the developed area (agriculture and urban) increased by 9%, which led to a
decrease in the undeveloped area through advancing towards the sea. On the other hand, the sabkhas
areas cover decreased due to the agriculture extension on both sides of the promontory, and also due to
the construction of the coastal protection measures in front of the promontory.
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Figure 5. Landuse supervised-classification for the different Landsat images 1984,
and 2014.

Table 2. Area and percentage of change of different land cover classes of 1984 and 2014
classified images.

Area % Area(km?) Area Change %
Classes
1984 2014 1984 2014 (1984-2014)
1. Seawater 43.9% 45.5% 121.8 126.4 1.6%
2. Developed 26.8% 35.8% 74.7 99.2 9%
3. Sabkhas 7.8% 4.7% 21.6 13 -3.1%
4. Undeveloped 21.4% 14.1% 59.5 39 —7.3%

3.2. Shoreline Extraction

After geometric and radiometric correction of the images, a final binary image was obtained by
applying the two techniques mentioned previously in Figure 4. The comparison of the shoreline at
different dates shows that the shoreline has retreated considerably between 1984 and 2014 due to the
erosion process as illustrated in Figure 6. The retreat of the shoreline has stopped after the seawater
became directly in contact with the seawalls at the eastern and western side of the promontory, which is
because the seawalls were constructed inland.

Figure 7 shows the final binary images produced from the histogram threshold method, which
separates land and water based on an accurate selection of the threshold value of the water reflectance.
This step results in masking the land cover with all of its categories. The binary images were processed
in ArcGIS10.1 software to extract the shoreline. Firstly, each image was converted from raster to vector
(feature class) with two main polygon features; water and land. Secondly, the two polygon layers were
overlaid to estimate shoreline erosion/accretion pattern sand areas in each period time 1984—1990,
1990-2005, and 20052014 as shown in Figure 8. Tables 3 and 4 illustrate the eroded/accreted areas,
and the net change using the two different techniques.
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Figure 6. Shoreline changes in Rosetta Promontory between 1984 and 2014.

Figure 7. The classified binary images for (A) 1984, and (B) 2014 for Rosetta Promontory.

Table 3. Accreted and eroded areas at Rosetta Promontory between 1984 and 2014 using
histogram threshold of Band 5.

Area (m?) Rate (km?/yr)

Date Net of Change (km?*/yr)
Erosion Accretion Erosion Accretion
1984-1990 2,316,379.4 660,115.7 0.39 0.11 0.28
19902005 4,217,649.4 1,214,363.1 0.28 0.08 0.20

2005-2014 1,841,526.9 535,936.4 0.2 0.06 0.14
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Figure 8. The post-classification change detection image, for (A) 1984-1990, (B) 1990-2005
and (C) 2005-2014 at Rosetta Promontory.

Table 4. Accreted and eroded areas at Rosetta Promontory between 1984 and 2014 using
combination of histogram threshold of Band 5 and Band ratio (B2/B5), (B2/B4).

Area (m?) Rate (km?/yr) )
Date Net of Change (km*/yr)
Erosion Accretion Erosion Accretion
1984-1990 2,668,693.5 736,974.6 0.44 0.12 0.32
19902005 4,939,785.9 1,204,332.3 0.33 0.08 0.25
2005-2014 1,798,655.8 563,652 0.2 0.06 0.14

It was found that

226

the period from 1984 to 1990 was accompanied by significant erosion

(0.43 km?/year).The seawalls in front of the promontory were not constructed yet. To reduce the erosion

impacts at the Rosetta Promontory, two dolos seawalls (4 tons) were constructed between 1989 and 1991

on both sides of the Rosetta Nile branch mouth. The western and eastern seawalls were constructed

inland extending alongshore to a length of 1.5 and 3.5 km, respectively. The seawalls stand 6.75 m above
MSL, and vary in width from 48 to 70 m. Over the period 1990-1995, erosion continued in front of the
seawalls until it reached the seawall in 2005, hence the retreatment vanished. Eroded areas vary spatially

between eastern and western side of the promontory. It is clear that eroded areas at the eastern tip of the

promontory are much larger than the western one. The erosion was basically at the tip of the promontory

during the period 1984-2005, while it seems to be insignificant at the tip of the promontory after that
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due to the existence of seawalls. Then, the erosion extended to the down drift of the seawall. Although
five groins were constructed in 1998 to stop the erosion created down drift of the eastern seawall, erosion
continued in this area and extended eastward. From 2005 to 2010, nine groins were built at the down
drift of the western seawall to stop erosion created at the end of the western seawall, nevertheless up till
now, it has insignificant effect.

In conclusion, it was found that land in the study area contracted by 1.6% from 1984 to 2014 due to
coastal erosion and the developed area increased about 9%. Even if the shoreline retreat decreased by
more than 70% from 1984 to 2014, it still suffers from quite dramatic erosion with a maximum rate that
reaches 37 m/year down drift of the eastern seawalls. In comparison with ground survey and different
remote sensing techniques, the established trend of shoreline change extracted using the histogram
threshold method was found to be closely consistent with its results rather than combining band ratio
with histogram threshold. This is clear by comparing the results of the two applied methods in Tables 5
and 6 along with the results of the previous studies in Table 7.

Table 5. Maximum retreat of the shoreline at Rosetta Nile branch promontory through 1984
to 2014 using histogram threshold of Band 5.

Date Maximum Retreat (m) Annual Retreat (m/yr)

1984-1990 770.8 123.5
1990-2005 785.8 524
2005-2014 335 37.2

Table 6. Maximum retreat of the shoreline at Rosetta Nile branch promontory through 1984
to 2014 using combination of histogram threshold of Band 5 and Band ratio (B2/B5), (B2/B4).

Date Maximum Retreat (m) Annual Retreat (m/yr)
1984-1990 784 130.67
1990-2005 824 54.9
2005-2014 335 37.2

Table 7. Comparison between previous studies and the present one.

Research  Time Period Annual Retreat (m/yr) The Used Technique
[23] 1984-1990 113.8 Image segmentation technique
1984-1991 128
[30] 133;1 333 Bg False color composite technique
1997-2000 80
(31] 1984-1990 99.0 Supervised classification using max. likelihood
1990-2008 55.0 classifier(MLC)
Present 1984-1990 123.5
1990-2005 52.4 Histogram threshold
study

2005-2014 37.2
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4. Conclusions

Shoreline and land cover changes have been investigate da long Rosetta Promontory of the Nile using
Landsat images representing 30 years period, acquired in 1984, 1990, 2005, and 2014. This data was
geo-referenced by a digital topographic map, and then corrected geometrically, and radio-metrically. Land
cover changes were detected through supervised classification. It was found that within the last 30 years,
1.6% of the promontory area was eroded, 9% was developed, and 3.1% of wetland areas changed to
agricultural land.

Changes in shoreline positions from 1984 to 2014 were estimated by two different techniques. The
first is the histogram threshold of band 5 and the other one is a combination of his to gram threshold and
band ratio (b2/b4, and b2/b5). The annual retreatment of the shoreline was evaluated by comparing
present results to those from the previous studies. The results show that the coastal protection work
within Rosetta Promontory succeeded to decrease the maximum shoreline retreat from 124 m/year to
37 m/year during the period from 1984 to 2014. On the other hand, it is clear that more studies should
be done to stabilize and reach the sustainable development of Rosetta Promontory.
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