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Abstract

Land use land cover (LULC) mapping and spatial change monitoring are essential to
manage the coastal cities and its resources. This study aims to investigate LULC changes
of Quseir, a typical small Red Sea coastal city for a long period from 1984 to 2021. Support
vector machines (SVMs) classifier and Post classification comparison (PCC) change
detection technique were used to analyse two Thematic Mappers (TM), an Enhanced
Thematic Mapper plus (ETM+), an Operational Land Imager (OLI) Landsat imagery in
addition to a Multi-Spectral Instrument (MSI) Sentinel-2 image cover the study period.
Twelve LULC classes have been identified for this study. Accuracy of the classified images
and the LULC change were analysed. Along the thirty-seven years, Quseir's urban has
increased by nine folds and the green area was increased from nil to 6.10 m2 per person.
SVM achieved high accuracy classification results for all the studied images of all sensors,
while the MSI, 2021, had the highest accuracy. Through data-resampling, combining
Landsat and Sentinel-2 satellite datasets for long-term monitoring studies using PCC
resulted in more reliable and accurate outputs. Results obtained from this study will fill
the gap of rare LULC maps and spatial change information of Quseir during the past four
decades.

Keywords: Land use land cover change; SVM; PCC; Sentinel-2; Landsat; Quseir Red Sea.
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Abstract

Land use land cover (LULC) mapping and spatial change monitoring are
essential to manage the coastal cities and its resources. This study aims to
investigate LULC changes of Quseir, a typical small Red Sea coastal city for a
long period from 1984 to 2021. Support vector machines (SVMs) classifier and
Post classification comparison (PCC) change detection technique were used to
analyse two Thematic Mappers (TM), an Enhanced Thematic Mapper plus
(ETM+), an Operational Land Imager (OLI) Landsat imagery in addition to a
Multi-Spectral Instrument (MSI) Sentinel-2 image cover the study period.
Twelve LULC classes have been identified for this study. Accuracy of the
classified images and the LULC change were analysed. Along the thirty seven
years, Quseir's urban has increased by nine folds and the green area was
increased from nil to 6.10 m? per person. SVM achieved high accuracy
classification results for all the studied images of all sensors, while the MSI,
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2021, had the highest accuracy. Through data-resampling, combining Landsat
and Sentinel-2 satellite datasets for long-term monitoring studies using PCC
resulted in more reliable and accurate outputs. Results obtained from this study
will fill the gap of rare LULC maps and spatial change information of Quseir
during the past four decades.

Key words:
Land use land cover change; SVM; PCC; Sentinel-2; Landsat; Quseir Red Sea.

1. Introduction

As a home to inhabitants and home to resource-based and industrial-based
activities, coastal cities are of great socio-economic importance and one of the
sustainability solutions that are suitable and essential for the current and future
generations. Land use land cover (LULC) mapping and LULC change detection
have been shown as primary management needs that can be used in different
monitoring and management applications at different levels. More importantly,
LULC changes on any land surface are among the main influences that driving
the changes of the global environment by influencing the climate, ecosystem
and services in recent times and expected to extend into future (e.g., Lambin et
al., 2014, Steffen, 2004, Srivastava et al., 2012; Turner et al., 1993; Walker and
Steffen,1999). Further, sustainable development and its 11 ™ Goal -Sustainable
cities and communities can be achieved /supported by monitoring the processes
of spatial change of the cities/communities around the world using all available
tools and techniques. Moreover, using consecutive LULC maps of a given time
distance as a basis to analyse local/global sustainability indicators can provide
measurable information on the progress of the city /community towards
sustainability.

In Egypt, so far, the desert represents the largest share of its area, leaving only
5% densely populated, while it has ambitious schemes to expand the inhabited
area to 22% in the near future (MoHUUC, 2014). The overcrowding in areas
and devoid of urbanization in other areas is a complex and unique phenomenon
in Egypt along the time. In the 1980s, most of the Red Sea coastal cities
(RSCC) in Egypt received influxes of internal migrants seeking socio-economic
opportunities in the remote coastal areas with valuable and unique natural
resources (Abdel-Aal, 1992; Hawash et al, 2021b). After decades of urban
development and receiving internal migration, it is important to obtain spatial
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information about Quseir, a typical small RSCC and its surrounds, where the
LULC change and subsequent analysis represent the cornerstone.

A very important use of satellite remote sensing is the generation of spatially
contiguous, thematic information and inventories of the Earth’s surface, along
with the detection of land cover changes (Chuvieco, 2020). Since the seventies;
Landsat Program has provided valuable remote sensing information that enables
the analysis of long-term processes on any given place on Earth. Recently, in
June 2015, Sentinel-2 began to provide optical imagery at higher spatial
resolution (10/20/60 m) and higher spectral resolutions (13 bands) over land and
coastal waters. Sentinel-2 constellation will enhance continuity of Landsat and
SPOT like information thanks to the higher revisit frequency and a very large
swath (Lambert et al., 2018; USGS, 2019a). The spatio-temporal resolution of
Landsat images has been and remains sufficient to support a wide range of
scientific and commercial applications while the higher spatial and spectral
resolutions of Sentinel-2 will provide data useful for near real-time monitoring
and high accuracy outputs as well.

Various image classification methods and change detection techniques have
been used to analyse remotely sensed data to maintain robust spatial monitoring
tools over the past decades. Change detection is the process of identifying
differences in the status of an object by observing it at different dates (Singh,
1989). The goal of change detection (CD) is to compare the spatial
representation of two time points to measure changes that occurred in variables
of interest and control for changes that occurred in variables that are not (Green
et al. 1994). CD is a comparing process between two or more representatives of
a variable along the studied period(s), from which the differences (changes) can
be identified and analysed. Different CD approaches were categorized by
scientists and scholars based on different viewpoints (e.g., Lunetta, 2000, Chan
et al., 2001, Lu et al., 2004, llsever and Unsalan, 2012 and Chughtai et al.,
2021). In general, change detection techniques include: 1) pre-classification and
2) post-classification comparison (PCC) change detection (Singh, 1989;
Lunetta, 1998; Ridd and Liu. 1998; Yuan et al. 1998, 2005 and Peiman, 2011).
The accuracy of the change detection largely depends on the accuracy of the
two separate classification maps (Jensen, 2015; Singh, 1989). And so, it is
Important to select an appropriate classifier in order to ensure high-accuracy
results for the classified datasets, which accordingly will lead to prevent the
accumulation of classification errors generated by PCC (e.g., Hawash et al,
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2022a; Singh, 1989). PCC was used in various studies (e.g., Aljenaid et al.,
2022; Alawamy et al., 2020; Hawash, 2014; Kamel and Abu El Ella, 2016 and
Mandal et al., 2019).

To map LULC, various classification approaches have been developed decades
ago. In logic, they ranged from supervised to unsupervised; parametric to
nonparametric to non-metric, or hard and soft (fuzzy) classification, or per-
pixel, sub-pixel, and prefield (Keuchel et al. 2003, Jensen 2005; Al-doski et al.,
2013). Support vector machine (SVM) is one of the most powerful non-
parametric classifiers (Hawash et al., 2021a; Huang et al., 2002). The SVM has
been developed in the statistical learning theory (Vapnik, 1995). SVM seeks to
separate land use-cover classes by finding a plane in the multidimensional
feature space that maximizes their separation (Foody and Mathur, 2004).
Various studies have used SVM (e.g., Cavur et al., 2019; Hawash et al., 20213;
Izadi et al., 2022; Jumaah et al., 2022 and Zhang et al., 2020).

Previous studies of Quseir that investigated its natural resources and different
environmental hazards using remote sensing and GIS include: determining the
geomorphological hazard between Safaga and Quseir (e.g., Youssef et al.,
2009); analysing the drainage basins between Quseir and Abu Dabbab (e.g.,
Abdel Ghany, 2015) and assessing water resources in el-Ambagi basin (e.g.,
Yousif and Sracek, 2016). As most of the RSCC, there are no specific studies
that cover LULC mapping, LULC change of Quseir, which consider a main
administrative and planning problem when managing the city or measuring its
progress towards sustainability.

Four decades ago, due to different socio-economic factors, Quseir has
undergone various spatial changes, which has to be investigated to gain lessons
and help in developing management scenarios. The main objective of this study
Is to analyse LULC change of Quseir using remote sensing and GIS during
1984-2021. A combination of Landsat data and Sentinel-2 data was used in this
study. More specifically, four kernels of SVMs were compared to obtain
different LULC classes. Using PCC, the intensity of the LULC changes along
the thirty-seven years was then analysed. Results of this study will support the
local understanding on the changes occurred in the city (land use of the urban
and green areas) and its surrounds (land cover of the desert and mountainous
areas). Also, it will provide useful data for the stakeholders to take better
decision to sustain the region.
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2. Material and methods

2.1. Study area

Quseir (Fig. 1) is a RSCC that has been a crucial trade route from the days of
ancient Egyptian and Roman times to this day. During 1910s and the early
1960, the city was home of phosphate mining and industries in Egypt (Cabassi,
2012). It is a historic coastal city that represents a combination of distinctive
aspects of its place, urban fabric, natural content, and the physical humanitarian
output. The city contains some famous architectural spots such as the House of
Sheikh Tawfiqg, the Ottoman Castle of Quseir, the Administration Building of
the old phosphate factory and the old City Police department.

Quseir extends for about 28.00 km along the western coast of the Red Sea. The
study area lies between UL, 26° 11" 39' E., 34° 11" 52' N. and LR, 25° 55" 49'
E., 34° 28" 22' N. It is connected to Hurghada City (capital of Red Sea
Governorate-RSG) (north) and Marsa Alam City (south) by a longitudinal road
of 135 km and 140 km, respectively. Also, itis connected with the Nile
River by Quseir-Qift road, served by a main port and Marsa Alam international
Airport. It was the home of el-Hamarwien port, which was used to export
phosphate. Quseir is a single district city that has 51,035 inhabitants, and its
basic economic activities are fishing, tourism, mining and quarries (CAPMAS,
2021). Temperature varies between 36-24 °C in summer and 26-19 °C in winter.
Precipitation varies between 6-19 mm / annum. The average annual percentage
of humidity is 49.0%. Winds direction at the coast is almost northerly and north
westerly throughout the year (EMA, 2006).

2.2. General considerations of the study area

Geo-morphologically, the study area can be divided into two parts; the Duwi
range (a long sharp ridge) and the coastal plain (no sharp bends or bays and
slopes gently seaward) (Salem et al., 2005). Geologically, the study area is part
of the Central Eastern Desert of Egypt, where the sedimentary rocks of the area
are mainly separable into two divisions: (i) the pre-rifting Cretaceous-Eocene
group and (ii) the post-rifting Oligocene and later sediments group (Said, 1992).
Wadi Hammamat, Wadi Quseir el-Qadim and Wadi el-Ambagi are of the most
famous wadis of the area. Further, coastal sabkha is mainly located in two
regions (i) the silted lagoon at Quseir el-Qadim region (north) and (ii) el-Edwa
region (south), which are almost bare.
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Fig. 1: The study area, extracted from Sentinel-MSI-2A, 2021.
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2.3. Datasets and field work

2.3.1. Datasets

When dealing with land and monitoring products extracted from satellite
imagery, stakeholders should benefit from both the free-available, long
historical archive of Landsat data and the high spatio-temporal resolution of
Sentinel-2. In this study, multi-sensor Landsat data (e.g., Thematic Mapper-TM,
Enhanced Thematic Mapper plus-ETM+ and Operational Land Imager-OLlI)
path 174/row 042 and a Sentinel-2 image (Multi Spectral Instrument, MSI),
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collected on multiple dates were used. The Landsat datasets were obtained free
of charge from the U.S. Geological Survey (USGS):
http://earthexplorer.usgs.gov ,while the Sentinel image was obtained from:
https://sentinel.esa.int/web/sentinel/sentinel-data-access the Sentinel data access
hub. In order to minimize the seasonal effects on the change detection work
(e.g., Lillesand et al., 2015), the collected cloud-free images were selected
within a single season, i.e. summer. For the Landsat data, analysis of this work
used the visible (b1, b2, and b3), NIR (b4) and SWIR (b5 and b7) bands, which
are of 30 spatial resolution. Meanwhile, for the Sentinel-2 image, the 10 meters
bands i.e. the visible (b2, b3, and b4), the NIR (b8) and the 20 meters bands i.e.
SWIR (b11 and b12) were used (Tables 1 and 2). In addition, a topographic map
(ESA, 2008) of scale 1:100,000 and a geologic map (EGSMA, 1991) of scale
1:250,000 of Quseir were used as base map, urban and geological references.

2.3.2. Field work.

In this study, field work aims to visually observe the region and to collect
region of interests (ROIs) and information from the locals. For Quseir and its
surroundings, number of field trips was conducted during August-September
2020 and 2021. By the aid of hard copies of the false colour composite (FCC)
images of the current work (1984-2021), ESA-2008 and EGSMA-1991 maps,
active Google Earth Pro and Garmin-etrex10 GPS, extensive field surveys were
performed. A field sampling sheet covers all the classes was presented. The
collected samples of each ROI were separated into two sets: (i) a set for the
classification stage and (ii) a set for the accuracy stage (e.g., Hawash et al., 2021
a). Further historical LULC change information was obtained from the locals.

2.4. Approach and Methods

To monitor and analyse change processes in LULC, it is essential to obtain
consistent data over a longer period of time and preferably be derived from the
same data source while applying the same processing techniques (Verburg, et
al., 2011). To fulfil the objectives of this study an integrated remote sensing and
GIS approach was adopted. Methodology of this work includes: Landsat and
Sentinel image pre-processing, LULC mapping of the studied dates (using four
kernels of SVMs) and LULC change analysis in the studied intervals (using
PCC) (Fig. 2). The method relies on image processing techniques and analyses
using ENVI1 5.3, SNAP 9.0 and Arc-GIS 10.6 software.
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Table 1: Specification of the used satellite images from different sensors

Satellite Acquisition date Sensor Used bands Spatial resolution (m)
Landsat5  02-06-1984 ™ 1-5and 7 30
Landsat5  18-09-1994 ™ 1-5and 7 30
Landsat 7  27-07-2001 ETM+ 1-5and 7 30
Landsat8  22-09-2013 OLlI 2-7 30
Sentinel-2 ~ 18-08-2021 MSI 2-4and 8 10

and 11-12 20

(Collected by the authors)

Table 2: Band names, wave length, and spatial resolution of the studied images
from different sensors (extracted from USGS 2019b and USGS 2019c).

Band Landsat, TM and ETM Landsat, OLI Sentinel-2, MSI

Name (USGS, 2019b). (USGS, 2019b). (USGS, 2019 ¢).

Blue b1:(0.441-0.514 pum) b2: (0.450 - 0.51 um) b02: 490 nm
(30 m) (30 m) (10 m)

Green b2:(0.519-0.601 um) b3: (0.53 - 0.59 upm)  b03: 560 nm
(30 m) (30 m) (10 m)

Red  Db3:(0.631-0.692 um) b4: (0.64 - 0.67 um)  b04: 665nm
(30 m) (30 m) (10 m)

NIR  b4:(0.772-0.898 um) b5: (0.85-0.88 um) b08: 842 nm
(30 m) (30 m) (10 m)

SWIR 1b5: (1.547-1.749 pm) b6: (1.57 - 1.65 um) b1l: 1610 nm
(30 m) (30 m) (30 m)

SWIR 2b7: (2.064-2.345 pm) b7:(2.11-2.29 um) b12: 2190 nm
(30 m) (30 m) (30 m)

TM= Thematic Mapper; ETM+= Enhanced Thematic Mapper plus; OLI=
Operational Land Imager; MSI= Multispectral Instrument; NIR= Near-Infrared;
SWIR= Short-wave infrared. (Collected by the authors from the mentioned
references).
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Fig. 2. Methodology of LULC mapping and LULC change procedures
(Designed by the authors).
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2.4.1. Digital images pre-processing.

For the radiometric characteristics, the Sentinel-2A data has spectral bands very
similar to Landsat 8 data (excluding the thermal bands of Landsat 8’s Thermal
Infrared Sensor), while for the geometric characteristics, Sentinel-2A Level-1C
products have similar geometric accuracy as Landsat 8 (USGS, 2019a). From
here, in monitoring studies that contains both Landsat and Sentinel-2 data, the
OLI scene has two roles: ( 1) as a main input Landsat data and ( ii) as a link
between the other Landsat datasets (the historic data) and the Sentinel-2 data.
By the aid of the meta-data of each image, all the original bands of each Landsat
Image were atmospherically corrected using Fast Line-of-sight Atmospheric
Analysis of Spectral Hypercubes, (FLAASH) (e.g., Adler-Golden et al., 1999;
Chander et al., 2009; and lhlen, 2019). All the used Landsat images are ortho-
rectified products, World Geodetic System (WGS 84) datum and the Universal
Transverse Mercator (UTM) projection system, Zone 36 North.

Essentially, all the images that will be used in the PCC must be co-registered.
The OLI-2013 was used as the base file, while the other Landsat images were
used as warp file. Number of tie points was used in the nearest neighbour
resembling stage. The resulted total RMS Error was 0.014, 0.018, and 0.021 for
the TMs, 1984, 1994, and the ETM, 2001, respectively. The OLI-2013 image is
indeed geo-referenced with the MSI-2021 (e.g., USGS, 2019a).

The atmospheric correction processor Sen2Cor is a Level-2A processor, which
main purpose is to correct single-date Sentinel-2 Level-1C Top-Of-Atmosphere
(TOA) products from the effects of the atmosphere in order to deliver a Level-
2A Bottom-Of-Atmosphere (BOA) reflectance product (Main-Knorn et al.,
2017). In SNAP, using the Thematic Land Processing, the original unzipped
Level-1C product MSI was processed in Sen2Cor for atmospheric correction.
Eventually, a square of 18x18 kilometre covering the study area was used to
extract the subsets of all dates. Data resembling is an important stage in this
work. Using majority filter, the pixel size of all Landsat bands was resampled
from 30*30 to 10*10 metres. For the Sentinel-2 SWIR layers 11 and 12, they
were also resampled from 20*20 to 10*10 metres.

2.4.2. Producing LULC of Quseir

2.4.2.1.SVM for LULC classification

A classical classification algorithm either works straightforward (when the data
is linearly separable) or uses kernels (when the data is not linearly separable). A
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kernel is a function that transforms the input data to a high-dimensional space
so that the data is separable and the problem can be solved in the new space
(ENVI Geospatial documentation centre-ENVI GDC). In other words, kernels
are used by classification algorithms to solve non-linear classification problems.
In this study four kernels of SVMs i.e. Linear, Polynomial, radial basis
function-RBF, and Sigmoid will be employed for each image date (Table 3).
When employing SVM and in order to make sure that the entire image is
classified, each pixel is restricted to a single category, and no pixels to remain
unclassified, some parameters must be carefully set for the used kernels. These
parameters include: (i) generic parameters of the algorithm (Gamma parameter
and The penalty parameter) and (ii) software specific parameters of the
classification process (Pyramid levels, Pyramid reclassification threshold, and
Classification probability threshold). In their works, Alganci, 2019, Petropoulos
et al., 2010, Petropoulos et al., 2011, and Srivastava et al., 2012 described the
use of the suitable values for these parameters when using SVM. Gamma
parameter is calculated as the inverse of the number of image bands. It is a
reasonable but not a perfect default value (ENVI GDC). The maximum value of
the penalty parameter is 100, which is set to force all pixels in the ROI to get
together to a class (to avoid misclassification at the training area stage).
Compatibly, in order to make the image to be processed at its full spatial
resolution, the pyramid parameter is set to a value of zero for all kernels.

Table 3: The common uses SVM kernel functions.

Kernel's  Kernel Functions Reference
Name
Linear K(xzu.\'j}=<.\f xj> (Vapnik, 1995)

. . 7.\ _ T N :
Polynomial I&(xf,xj)—<~\‘,- A‘j) OI‘K(A‘,-,XJ)—(<J} v\‘j>+l) (Vapnik, 1995)

2)
, ] |
RBF K(xj,x j)=exp Ry (Vapnik, 1995)
J where h =0

Sigmoid  K(xj.x;) :tanh(n(v\},Tf Xj)+0) (Evgeniou, et al., 2000)

where N and 8 parameter

(The parameters of the SVM kernel functions are described in ENVI GDC).
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Further, to make sure that all of the pixels are assigned to a certain class
(category), a classification probability threshold of zero must be used.

2.4.2.2.1mage classification

The images of the years 1984/1994/2001 have no available training sites data.
The training sites were therefore selected based on the spectral signature of the
classes and, in the case of known stable land uses, through comparison with the
known LULC in 2013 and 2021. To obtain high-accuracy classification results,
the collected ROIs should be examined carefully and the spectral separability
between each ROI pairs has to be computed (Hawash et al., 2021a). Jeffries-
Matusita (J-M) can compute ROI pairs’ separability through values range
between 0.00 and 2.00, where values greater than 1.90 indicate that the ROI
pairs have good separability (Richards, 2013). In this work, the values of J-M
ranged from 2.00-1.90, indicating good separability (e.g., Richards, 2013). After
J-M check, the scheme of Quseir LULC classes was organized in its final form.
Based on a modified list of Anderson classification system (Anderson et al.
1976), field observations and scheme of Marsa Alam LULC (e.g., Hawash et al,
2021 b), the scheme of Quseir LULC was carried out (Table 4). In this work,
using the ROI classification-set of each date, the four SVMs kernels were used
to classify the studied images. Then, using the ROl accuracy-set of each date,
the confusion matrices were computed (e.g., Congalton and Green, 2019).

2.4.3. Change detection using PCC

The following section presents ( 1) the procedures used to employ PCC for each
consecutive pair of the classified images and ( ii) computing PCC accuracy. To
allow for comparison of Sentinel-2 and Landsat outputs, the resampling stage
was of utmost important for this study. Using the independently classified
images of each date, a pixel-based comparison was used to produce quantitative
change information. PCC change detection is employed to compute the internal
change variations between each consecutive classified pairs. PCC procedures
were implemented to obtain change results of the first interval (1984-1994),
second interval (1994-2001), third interval (2001-2013) and fourth interval
(2013-2021), where four cross tabulation were extracted. For the PCC accuracy,
the accuracies of the individuals were used to compute the overall change
detection accuracy of each interval (e.g. Stow et al., 1980).

Mis riqiya Vol. 2 Issue 2 (2022)

12



Detection and mapping of land use land cover with Support vector machines SVM-based change monitoring
using Landsat and Sentinel-2 data. The case of Quseir, Red Sea

Table 4. LULC scheme of Quseir

No. Symbol

LULC class

Description

1 Ur

Mixed urban/built-up areas Residential, commercial, industrial,

services, and utilities.

2 Gr Green area Parks, private/general green open-areas,
botanical gardens, green areas in touristic
villages and resorts, golf courses, etc.

3 Mn Mangrove Coastal wetland composed of forest and
scrub dominated by Avicennia marina.

4 S Sandy areas other than Sand and silt deposits with spares

beaches vegetation.

5 SG Mixed sand and gravel Combination of sand, pebble, and gravel-
field outcrops

6 Wd Wadi deposits Quaternary sediments

7 Sb Coastal sabkha A flat salt-encrusted desert that is usually
lacks any significant plant cover due to the
high concentration of salts and sediments

8 B Basalt Basaltic rocks

9 M Metamorphic Metamorphic rocks

10 L Limestone Limestone rocks

11 Ws Shallow water Shallow seafloor

12 W Water Sea-water

3. RESULTS AND DISCUSSION

3.1. Classification results
3.1.1. LULC maps and accuracy

Using SVMs, Quseir TM-1984, 1994, ETM-2001, OLI-2013 and MSI-2021
were classified (Fig. 3 and 4) and (Table 5). In small desert coastal cities like
Quseir, desert categories are dominated, while green and urban categories are
always represented by small areas. The quality of the produced classified
images can be evaluated through the accuracy of each classification method
(e.g., Lu and Weng, 2007). For this work, all the used SVM kernels attained
high overall accuracy (>90.0%) (Table 6). These accuracy results exceeded the
needed accuracy percentage for an image to contribute in PCC change detection
work (e.g., Anderson et al., 1976).
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Fig. 3. LULC maps of Quseir, (a) 1984, (b) 1994, (c) 2001 and (d) 2013.
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Fig. 4. LULC map of Quseir 2021.
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Table 5. LULC areas extracted from classified images of Quseir (1984-2021)

LULC 19 84 19 94 2001 2013 2021
Km*> % Km*> % Km?> % Km?> % Km*> %

Ur 0.48 0.15 0.85 0.26 1.79 0.55 3.66 1.13 477 1.47
Gr 0 0.00 0.11 0.03 0.15 0.05 0.27 0.08 0.31 0.10
Mn 0.16 0.05 0.17 0.05 0.17 0.05 0.18 0.06 0.18 0.06
S 231 7.13 251 7775 2129 6.57 186 b5.74 18.29 5.65
SG 2441 7.53 2258 697 27.75 8.56 25.61 7.90 26.37 8.14
Wd 8.62 2.66 7.88 2.43 711 2.19 8.12 251 791 244
Sb 155 0.48 156 0.48 1.53 0.47 143 044 1.38 0.43
B 43.62 13.46 43.81 1352 43.43 13.40 44,09 13.61 43.27 13.35
M 33.11 10.22 33.04 10.20 32.24 9.95 33.34 10.29 33.2 10.25
L 1491 4.60 1486 4.59 1455 4.49 1467 453 14.26 4.40
Ws 3.21 0.99 3.05 0.94 3.26 1.01 3.3 1.02 3.39 1.05

W 170.83 52.73 170.99 52.77 170.73 52.69 170.73 52.69 170.67 52.68
Total 324.00 100.00 324.00 100.00 324.00 100.00  324.00 100.00 324.00 100.00

Table 6. Accuracy of the classified LULC images of Quseir (1984-2021)
LULC 19 84 19 94 2001 2013 20 21
UA PA UA PA UA PA UA PA UA PA
Ur 100.00 100.00 100.00 90.91 94.44 94.44 9655 93.33 91.43 88.89

Gr 0 0 9091 9091 9231 9231 93.33 93.33 93.33 93.33
Mn 100.00 100.00 90.91 90.91 90.91 90.91 9231 9231 9231 9231
S 88.00 91.67 91.84 93.75 88.00 91.67 90.20 95.83 90.00 95.74

SG 87.10 88.52 87.50 93.33 87.10 90.00 90.00 88.52 89.66 85.25
wd 88.68 88.68 90.38 88.68 90.20 86.79 91.84 8491 92.16 88.68
Sh 93.94 9394 91.18 9394 91.18 93.94 94.12 96.97 100.00 100.00

B 95.38 91.18 9538 91.18 96.97 94.12 91.43 9412  88.73 92.65
M 93.94 91.18 9143 9412 9143 94.12 9412 9412 9143 94.12
L 9231 96.00 95.83 92.00 95.83 92.00 92.00 92.00 100.00 96.00
Ws 93.94 9118 9143 9412 94.12 94.12 96.97 94.12 100.00 100.00
w 93.75 95.74 9556 91.49 93.48 91.49 95.83 97.87 100.00 100.00
OA 91.83 92.22 91.90 93.84 94.70

KC 0.8782 0.8918 0.8812 0.8942 0.9022

UA= User Accuracy, PA= Producer accuracy, OA= Overall accuracy, KC=
Kappa Coefficient
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3.1.2. Sigmoid kernel in SVM

For the current work, Sigmoid kernel achieved the highest classification
accuracy results by 91.83, 92.22, 91.90, 93.84, and 94.70 %, for Quseir LULC
in 1984, 1994, 2001, 2013 and 2021, which are corresponding to Kappa
statistics equal to 0.8782, 0.8918, 0.8812, 0.9024 and 0.9128, respectively
(Table 6). In general, SVMs are among the top classifiers mainly due to its
ability to handle the problems of high dimensionality and limited training
samples (Sheykhmousa et al., 2019). The performance of the SVM method
depends on the suitable selection of a kernel. The most common procedure for
SVM best kernel selection is the trial-and-error approach (e.g., Ali and Smith,
2008). Achieving high accuracy results by Sigmoid kernel in this study is in
agreement with Hawash et al., 2021a, who used four SVM kernels to classify
Port Sudan with twenty LULC categories, where sigmoid, achieved the highest
accuracy results.

3.2. LULC change of Quseir, 1984-2021.

In change detection analysis, differences in areas between the studied intervals
represent the final (fixed) quantities that do not explain where the losses go or
where the gains come from, which can be overcame by using PCC cross
tabulation. Cross tabulation extracted from PCC is the detailed quantitative path
that determines the converted area from a specific category to another/others
during the investigated interval.

To easily analyse the change outputs, results will be presented in three sections:
( 1) desert categories (i.e. RSH, sandy areas, and mixed sand and gravel, etc.),
(1i) coastal categories (i.e. mangrove, coastal sabkha and water) and ( iii) urban
categories (i.e. green areas and mixed urban/built-up areas) (Tables 7-10).

Desert land cover categories of the RSCC are very important environmentally
and economically (e.g. Elnaggar et al., 2020; Gaafar et al., 2016; Hawash et al.,
2021 b; Nasr, 2015; Yousif and Sracek, 2016). Categories of the RSH (i.e.
Basalt, metamorphic, limestone) in Quseir had almost the same areas
throughout the resulted maps of the studied dates (Fig 3-4) (Table 5). The small
changes occurred in the basaltic, metamorphic or limestone rocks of the area
may be referred to the classification conditions. Further, most of the changes
related to areas covered by sandy areas or mixed sand and basalt (gravel) areas
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Table 7. LULC conversion matrix of Quseir between 1984 and 1994,

U Gr Mn S SG Wd Sb B M L Ws leogg'Li
Ur 047 0 0 009 027 002 0 0 0 o0 0 0 085
Gr 0O 0 0009 000 001 0O O 0O 0 O 0 011
Mn 0O 0016 0 0O 0001 O 0 0 O 0 017
S 0 0 02091 406 012 0 001 0O 0O O 0 251
SG 0 0 0 1821992 075 0 003 0 006 O 0 22.58
Wd 001 0O 0 011 003 772 0 0 002 O O 0 7.88
Sh 0O 0 0002 0 015 0 0 0 O 0 1.56
B 0O 0 0 006 011 001 04358 003 002 0 0 43.81
M o 0 O0 0 0 0 0 03304 0 0 0 33.04
L O 0 0 000l O 0O 0 002148 0 0 14.86
Ws o 0 Oo0 0 O0 0 0 0 0 0303 002 305
W o 0 OoO 0 0O 0 0 0 0 0018 170,81 170.9
ngtgii 048 0 016 231 2441 862 1.55 43.62 33.11 14.91 3.21 170.83 324.0

Table 8. LULC conversion matrix of Quseir between 1994 and 2001.

U Gr Mn S SG Wd Sb B M L Ws ngg"l'
U 08 0 003305 0 0 0 0011 o0 0 1.79
Gr 0011 0 003 000 O O O 0 0 O 0 0.15
Mn O 0017 0 O O O O 0 0 0 0 0.17
S 0O 0 01899 1.44 001 002 0 077 006 O 0 21.29
SG 0 0 0 5251982 165 001 078 007 017 0 0 27.75
wd 0O 0 0 042 061 579 001 026 001 001 0 0 7.11
Sb O 0 000 O ©015 0 0 0 0 0 153
B 0O 0 0 009 008 038 04275 006 007 0 0 43.43
M 0O 0 0 004 003 001 0 0013212 003 O 0 32.24
L 001 O 0 005 006 000 O O 0011441 O 0 14.55
Ws O 0 O 0 0 0 000l 0 0297 028 326
Y, o o0 0 O O 0O 0 0 0 0002170711707
ngtgk 0.85 0.11 0.17 25.21 22.56 7.85 1.56 43.81 33.04 14.86 2.99 170.99 324.0

Ur= Mixed urban/built-up areas, Gr= Green area, Mn= Mangrove, S= Sandy
areas other than beaches, SG= Mixed sand and gravel, Wd= Wadi deposits, Sh=
Coastal sabkha, B= Basalt, M= Metamorphic, L= Limestone, Ws= Shallow
water and W= Water.
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Table 9. LULC conversion matrix of Quseir between 2001 and 2013.

U Gr Mn S SG Wd Sb B M L Ws szog‘i"é
U 177 0 0 031 099 052 0 002 005 0 0 0 3.66
Gr 0 015 0 005 003 004 O O O 0O O 0 027
Mn 0O 0017 O O 000l O O0 0 0 0 018
s 0O 0 01661 175 002 005 0 009 008 O 0 186
SG 0 0 0 142245 051 003 052 031 039 0 0 2561
wd 0O 0 0 202 083 511 003 013 0 0 0 0 812
Sb 0O 0 0 001 0141 0 0 0001 0 1.43
B 0O 0 0 0 067 099 04242 001 O O 0 44.09
M 0O 0 0 042 086 001 0 0313L71 003 0 0 33.34
L 001 0 0 035 016 001 0 001 007 1406 0 0 14.67
Ws 00l O O O O O 0003 0 0323 003 33
W o 0o o0 O0O O0O O0 O0 0 0 0002170711707
Total,

2001 1.79 0.15 0.17 21.17 27.74 7.21 1.53 43.44 32.24 14.56 3.26 170.74 324.0

Table 10. LULC conversion matrix of Quseir between 2013 and 2021.

U Gr Mn S SG Wd Sb B M L Ws WTzogg'l’
Ur 365 0 0 0 044 041 002 006 009 010 0O 0 4.77
Gr 0 026 0 002 001 002 O O O 0 O 0 031
Mn O 0018 0O O 0O O O 0 0 0 0 0.8
S 0 0 01572 24 002 0 004 003 008 O 0 18.29
SG 0 0 0 2752239 015 001 0.83 007 017 0 0 26.37
wd 001 O 0 014 028 743 001 001 0 003 0 0 7.91
Sb o 0 0 o0 0 0138 0 0 0 O 0 1.38
B 0O 0 0 0 004 005 0014315 002 0 O 0 43.27
M 0O 0 000l 00 0 0 03311 007 O 0 332
L 0O 0 0001000 0 0 0 0021422 0 0 14.26
Ws 0000 0O O O O O O O 0329 009 339
Y, o 0 O 0O 0 O 0O 0 0 000117066 1706
Tzogi"?) 3.66 027 0.18 18.65 25.58 8.08 1.43 44.09 33.34 14.67 3.3 170.75 324.0

Ur= Mixed urban/built-up areas, Gr= Green area, Mn= Mangrove, S= Sandy
areas other than beaches, SG= Mixed sand and gravel, Wd= Wadi deposits, Sb=
Coastal sabkha, B= Basalt, M= Metamorphic, L= Limestone, Ws= Shallow
water and W= Water.
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were mainly referred to natural and/or meteorological conditions that affected
the RSCC during the 1990s-2010s. Flash floods hit areas along the Red Sea
coast on different occasions during the last four decades. In particular, flash
floods hit populated areas and main road network of Ras Gharib, Hurghada,
Safaga, Quseir and Marsa Alam (e.g., Abdel Fattah, 2015; Bauer et al., 2020;
Elnazer et al., 2017) that caused major economic and anthropogenic loss as
well as transferring sand and gravel from an area to another.

According to National Ocean Service, salt marshes, mangroves, and seagrass
beds absorb large quantities of the greenhouse gas carbon dioxide from the
atmosphere and store it, thus decreasing the effects of global warming. For their
ecological and socio-economic rules, monitoring mangroves, sabkha and other
coastal resources is very important, even if they have small areas.

Mangroves in Egypt occupy 5.25 km? (Zahran and Willis 2009; Afefe, 2021). In
this study, mangrove located in two main areas, the first is to the north and the
second is to the south of the city centre. In 1984, mangroves area was 0.16 km?,
which ended by 0.18 km? in 2021. This increase may be explained by "non
influenced areas by anthropogenic activities", or because of the soil properties
of the area that suit this mangrove (Avicennia marina) (e.g., Sheded et al.,2013;
Basheer et al., 2019). Recently, six sites suitable for mangroves plantation were
identified along Quseir-Marsa Alam corridor by Abd-EIl Monsef et al., 2017.

Along the study period, northern coastal sabkha was increased by 0.04 km?,
while the southern coastal sabkha was decreased by 0.22 km? (Tables 7-10).
From field visits, the northern region had no evidence of anthropogenic
influences, which indicate natural increase. Meanwhile, the southern region was
filled with construction waste in preparation for its urban development, which is
shown to have an adverse impact on the region in future (e.g., Alnuaim and El
Naggar, 2014; Aqgeel, 2016).

The changes occurred between the shallow water and sea water categories are
very limited and may be referred to classification conditions. Further, there were
no evidences of changes between the land categories and water categories
through land fill or dredging like those occurred in Hurghada, north Red Sea
(e.g., Dewidar, 2002; Kamh et al., 2012; Vanderstraete et al., 2006).
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Meanwhile, an in-depth study is needed to investigate the land-water changes of
the region and the natural long shore sedimentation and alongshore processes.

From the classified images and information obtained from the locals, there were
no green areas in Quseir in 1984. But, in 1994, green areas began to appear and
increase from 0.11 to 0.15, 0.27 and 0.31 km? with growth rate of 36.40, 80.00
and 14.80 % during the second, third and fourth interval, respectively. Of the
0.31 km? of growth in green areas (1994- 2021), more than 50% were converted
from sand, 22% from mixed sand and gravel and 23% from wadi deposits, and
the remained area was converted from other LULC types. When comparing the
area of green areas with the population number of Quseir in 2020, the share of
the green areas is 6.40 m%/person. This area is more than (2/3) the area
recommended by World Health Organisation (WHO) (i.e. 9.00 m*/person)
(Morar et al., 2014; Maryanti et al., 2016). A big share of the green areas is
located in the touristic villages of the study area.

Urban of Quseir was 0.48 km” in 1984. Then, it was increased by an area of
0.37, 0.94, 1.87 and 1.11 km? during the first, second, third and fourth interval,
respectively (Figure 3-4), (Tables 7-10). Along 1984-2021, the relative change
of the urban was about 894.00%, which represent 24.00 % annual growth rate
(a.g.r.). The greatest increase was during the second interval of about 110.00%
(15.80% a.g.r.) and the lowest increase was during the fourth interval of about
30.00% (3.00% a.g.r.). Along the study period, most of the urban area was
expanded in the northern areas of the old city and over deserted land covers. Of
the total 4.29 km? urban growth, about 55.00% were converted from mixed sand
and gravel, 26.00% from sandy areas, 13.00% from wadi deposits and the
remained 6.00% were converted from other LULC types.

4. CONCLUSION

Mapping LULC and extracting LULC changes of coastal cities can be
effectively obtained using remote sensing and GIS. Using four Landsat datasets
and a Sentinel-2 image cover the period from 1984-2021, SVM classifier and
PCC change detection technique were direct and time and cost efficient in
obtaining LULC change information of a desert semi-arid coastal city like
Quseir. This study produced some important numbers as follows, urban was
increased by about nine folds (over desert areas); urban green area was
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increased from nil to more that 6.4 m?/person (most of the green area is located
In touristic villages); mangroves area was naturally increased by more than
12.0% (no anthropogenic disturbance); and the coastal sabkha was decreased by
12% (landfill activities). The information identified by this study will contribute
well in managing the city and its surrounding. To get a full spatial view of
Quseir, it is important to conduct land-water change study at the city's coast
covering the past four decades.
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