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Abstract In this study, an integrated suite of Remote Sensing (RS) data and Geographic Information 

System (GIS) techniques supported by fieldwork is used to assess the sand dunes movement hazards at 

El-Kharga Oasis. Digital Elevation Model (DEM) data obtained from the Shuttle Radar Topography 

Mission (SRTM) and Advanced Spaceborne Thermal Emission and Reflection (ASTER) were integrated 

with GIS techniques to model the vulnerable locations and to study the terrain characteristics (slope 

angles and aspects) in the studied area. The risk assessment model output was verified with the field 

investigations using multi-temporal satellite images recorded between 1990 and 2019. Monthly wind 

roses showed that the sand drifts in the southeastern direction differed widely from one direction to 

another depending on the wind direction and velocity. The most important output of the spatial modelôs, 

results was a geo-hazard map that classified the sand dunes hazard zones into low, slight, moderate, 

and high-risk zones. It is concluded that, the sand dunes pose a serious hazard because of their fast 

movement and accumulation near the monumental sites, over roads and invading the agricultural fields. 

The obtained results can serve as a basis for planners and decision-makers to take the necessary 

precautions and measures to minimize the sand dune hazardôs impact on the monumental sites (e.g., 

Hibis, El-Nadura, El-Ghueita and El-Zayyan), roads, and the agricultural fields at El-Kharga Oasis and 

lead to a sustainable development plan. 

 

Keywords Environmental Hazards; Sand Dunes Movement; Remote Sensing; Risk Assessment, 

Egypt 

 

1. Introduction 

 

Natural hazards are spontaneously occurring physical phenomena caused by either the rapid or slow 

onset of the events of a geophysical, hydrological, climatological, meteorological, or biological nature, 

and they may be the a combination of more than one factor (IFRC, 2019 and Megahed and El 

Bastawesy, 2020). Sand drifting and dune movement represent one of the main potential geotechnical 

hazards (Al-Harthi, 2002) that affect various land use activities, particularly, the monumental sites, 
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cultivated lands, roads, and urban settlements (Abu Seif and El-Khashab, 2019). Sand dune structures 

and formations occur under desert conditions (Al-Harthi, 2002 and Megahed, 2020). The range of sand 

dune hazardsô effects is determined by interlacing several factors including the sand dune size and type, 

local wind velocity, wind strength and direction, dryness degree of the environment, range of vegetation 

cover distribution and its density (Khedr et al., 2013). 

 

In all global climates, sand dunes commonly have an abundant supply of incohesive sand-sized 

sediment ranging between 0.062 and 2.0 millimeters (mm) in diameter, strong sand-moving winds, and 

conditions that cause and affect sand sedimentation (Sarnthein, 1978 and Thom et al., 1994). Sand 

dunes are a dynamic earth surface process that arises from the Aeolian process (McKee, 1979). The 

grain size of sand dunes, wind speed and direction, and vegetation cover represent the main factors 

that obviously influence the piling of sand into dunes of particular shapes (Khedr et al., 2014). There 

are other factors that affect dune formation such as the obstructions to wind flow, dramatic changes in 

wind direction, the velocity and frequency of storms, sand availability, the thickness of sand cover, and 

the sudden removal of the vegetation cover. McKee (1979) categorized the sand dunes into simple, 

compound and complex forms. Simple sand dunes are small in most cases, a wavelength (the 

shortest distance from one dune crest to the other) between10 and 500 meters (m). Another 

classification was established based on wind direction variability in which sand dunes are 

distinguished into migrating, elongating, and accumulating dunes (Wasson and Hyde, 1983; 

Lancaster, 1995; Thomas, 1997). 

 

In Egypt, substantial investments have been allocated to develop El-Kharga Oasis, one of the most 

signiýcant oases in the Western Desert that is currently suffering from the well-known sand dunes 

movement hazard (Figures 1a and 1b). In the study area, the sand dunes are classified into two major 

groups; crescentic and linear. Linear dunes (Figure 2a) are tall sand dunes of several meters in height, 

up to 250 m. In some cases, they may reach several hundreds of kilometers (desert dunes). An 

example is the Ghard of Abu-Muharriq. Compound crescentic dunes (Barchanoid) are the most 

prevalent dunes in El-Kharga Oasis, and their type and distribution are largely determined by the wind 

direction and velocity, the spaces between dunes, and topography. Crescentic dunes (Figure 2b) have 

the most dangerous effect on the environment, agriculture, and monumental sites. The menacing 

effects of crescentic dunes on plants include; root exposure (uprooting), plant burying due to the rapid 

movement of the sand dunes, and the rapid moisture loss due to the continuous sand movement, 

hindering and preventing the growth of vegetation cover (El-Sharaky et al., 2002). The first 

investigation of the sand dunes movement in El-Kharga Oasis was detected by Ashri (1973). The 

movement rates for 92 crescentic dunes were measured to be 12 m/yr using two aerial photographs 

(1944 and 1961). Embabi (1979) re-measured the rate of dune movement in El-Kharga using two 

topographic maps with a scale of 1:25,000 (1930, 1961). A subsequent study by Embabi (1981) 

revealed that the dune movement in El-Kharga was ranged between 20.8 and 100 m/yr using a set of 

82 crescentic and 25 linear dunes from two aerial photographs (1961 and 1982). Issawi and El-

Hinnawi (1982) reported that the rate of sand dune movement was about 30ï40 m/yr at El-Kharga 

Oasis. 

 

Change detection analysis includes measuring the temporal changes in land use and land cover using 

multi-temporal datasets (Singh, 1989; Ridd and Liu, 1998 and Darwish et al., 2020). Most change 

detection algorithms involve pre-classification algorithms that use simple processes such as image 

rationing and differencing (Singh, 1989 and Yuan et al., 1998). Post-classification methods may 

provide information about quantitative changes (Jensen, 2004). According to Ammar and ElȤSayed 

(2019), dune hazard maps based on GIS and remote sensing data are required to illustrate the 

direction and rate of sand dune migration. 

 

In this paper, we are strive to accurately reassess the impact of sand dune movement at El-Kharga 

Oasis including its movement rates, expected directions, and the potential effects on roads, cultivated 

lands, urban areas, and monumental sites by integrating and using of the remote sensing and GIS 
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analytical techniques. This comes in light of the lack of studies on the sand dune hazard assessment 

and their future effect on sustainable development in the study area, coupled with the fact that the 

early warning system information for geo-hazard parameters are often insufficient. 

 

 
 

Figure 1: Landsat satellite images showing: (a) Location map of El-Kharga Oasis, Western Desert of Egypt and 

(b) Distribution of the sand dune fields in the study area  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
Figure 2: Field photographs and satellite images show types of dunes  

(a) Linear and (b) Crescentic dunes at Ghard Abu-Muharriq, El-Kharga Oasis 
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2. Location and geology of the study area 

 

El-Kharga Oasis is situated at the eastern part of the Western Desert of Egypt. It forms a topographic 

depression of north-south orientation between latitudes 24° 15' and 26° 00' N, and longitude 30° 30' 

and 30°45' E (Figures 3a and 3b).  

 

Geologically, this depression extends southward from Abu Tartur plateau to the granitic hills of Abu 

Bayan. El-Kharga depression is surrounded by the Eocene limestone plateau from the east and north, 

with steep cliffs forming a sharp boundary that reaches the depression floor (El-Sharaky et al., 2002). 

The eastern plateau extends eastward to the Nile Valley with an elevation of up to 550 m (a. s. l.) and 

about 400 m above the depression þoor (Salman et al., 2010). It is almost flat and covered by the 

limestone of the Lower Eocene period (Thebes Formation) (Conoco, 1987). The northern plateau rises 

about of 450 m above sea level (a. s. l.) at the Ain-Amor scarp. This plateau stretches northward and 

is covered by the limestone of the Paleocene age (Figure 4). The most prominent feature of this 

plateau is the absence of well-marked external drainage lines and the presence of sinkholes of various 

shapes (El-Shazly et al., 1982).  

 

Regarding the climatic conditions, El-Kharga Oasis is the driest area in the Western Desert with a 

tropical arid climate, annual mean relative humidity of about 39 %, and extremely scarce rainfall of 

approximately 1 mm/yr (Kehl and Bronkamm, 1993). Wind speed is generally moderate and tends to 

be low in August; it increases gradually during the period ranged between November and January and 

reaches its maximum velocity from March to May, causing the famous óóEl-Khamasinò dust stormsò 

(Salman et al., 2010). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3(a) El-Kharga Oasis boundary on the satellite image of Egypt and (b) Landsat satellite image of the study 
area (May , 2019) 
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Figure 4: Geological map of El-Kharga Oasis, scale 1:250, 000, (modified, after Conoco, 1987) 

 

3. Methodology  

 

3.1. Dataset 

 

Data were collected from different sources using fieldwork and processed data for integration into a 

GIS including; multi-temporal satellite images, a DEM, contour maps, and wind speed and direction 

from meteorological stations at El-Kharga Oasis. In this study, Thematic Mapper (TM) and Enhanced 

Thematic Mapper Plus (ETM+) images were acquired during 1990 and 2019, which were downloaded 

from the United States Geological Survey (USGS) database (Figures 5a and 5b). The images were 

rectified using ground control points. 
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Figure 5 (a) Landsat TM image, Bands (RGB 7,4&2), (Acquisition date:May, 1990) and (b) Landsat ETM+ image, 

Bands (RGB 7,4&2),(Acquisition date: May, 2019) 

 

3.2. Image pre-processing 

 

The pre-processing steps for the Landsat images recorded from 1990 and 2019 include the various 

procedures needed to eliminate the radiometric, the geometric error, and the image subtraction and 

enhancement using Erdas Imagine 9.3 (Schiek, 2004). The aim of enhancement and subtraction of 

images is to improve their visual interpretability by enhancing the obvious distinction between features 

and making the sand dunes easier to distinguish using the percentage linear contrast stretch 

technique (Stow, 1999). The clip function was used for sub-setting in the Arc GIS program 10.1 (ESRI, 

2014) to cover the study area.  

 

3.3. Image post-processing 

 

The third step was processing the digital images, which were comprised of statistical features, 

characteristics, and information. Processing included image classification, change detection analysis 

and environmental impact assessment (Xingping, 2009; Farrag et al., 2019 and Megahed, 2020). 

Satellite images were enhanced, analyzed, and interpreted in two steps. First, supervising the image 

classification performed using the maximum likelihood classifier method. The resulting classified 

images were then refined to illustrate the inaccurately classified pixels and increase the overall 

accuracy of the resulting sand dunes map. The study of change detection includes the ability to 

measure the temporary land use and the land cover changes through multi-temporal datasets.  
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4. Results and Discussion 

 

4.1. Risk assessment modeling  

 

Figure (6) shows the processes and analyses used to assess the risk of sand dunes and achieve the 

research objectives. Six significant variables are assigned for the analysis of surface terrain; as 

elevation, slope, slope direction (aspect), prevailing wind speed, and direction, which were extracted 

from the DEM and climatic data (Table 1). For developing and extracting the DEM, ARC GIS 10.1 

software was used based on the ASTER.  

 

a. Digital Elevation Model and Terrain data (slope and aspect) 

 

The SRTM image was identified using point height DEM in which each color refers to a specific height 

(Figures 7a and 7b). We also applied the digital terrain model, as per its application in geomorphologic 

and hydrologicl studies (Moore et al., 1988; Megahed and Farrag, 2019). 

 

Terrain data were obtained from a topographic contour map. Its analysis involved the processing and 

graphic simulation of the elevation data and included a demonstration of the slope and aspect maps 

(Figures 8a, 8b and 8c). The three-dimensional (3D) analysis of the Arc Map function was used to 

calculate the slopes in degrees and aspect angles that were also measured in degrees, with the 

convention of 0 degrees to the north and angles increasing clockwise. The slope and aspect were 

determined here for the horizontal plane. In addition, the digital elevation and digital terrain models 

both indicated that the study area has low relief, with the ground elevation ranging from 0 m in the 

northwestern part to over 364 m above sea level. 

 

Table 1: Parameters for mapping the sand dunes movement risk. 

 

Parameter  Parameter contributes to sand dunes activity 

Digital Elevation Model 

(DEM) 
Higher elevation zones are subjected more to the effects of the 

wind. 

Slope angle Steeper slope angles are riskier. 

Aspect 
Dune aspects facing the prevalent wind direction are more 

subjected to their effects. 

Prevailing wind speed Wind speed plays a crucial role in sand dunes activity 

Prevailing wind direction Prevalent wind directions affect sand dunes most. 
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Figure 6: Flow chart of the methodology 
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Figure 7 (a) Digital Elevation Model (DEM), extracted from the SRTM and (b) The 3D view of the DEM of the 

study area 

 

b. Wind speed and direction 

 

Regarding the wind speed and direction (Figure 9); in the winter, the winds move north and 

northwesterly in the northern part of El-Kharga Oasis, unlike in the southern part, which is dominated 

by south to southeasterly winds. Wind intensity is the highest in the northern part, with average speeds 

of 15-25 km/h that may exceed 32 km/h. The wind speed is relatively low in the southeast of El-Kharga 

Oasis, where quiet winds prevail from 5 to 13 km/h and increase on the western side. The winter of 

2019 wind was the lowest for the past two years, with winds exceeding 24 km/h that markedly less 

severe wind at an average of 24-32 km/h (Egyptian Meteorological Authority, 2019) (Figure 10a). In 

the spring (Figure 10b), the wind direction is slightly different, as the northwest wind speeds eastward 

exceeding approximately 32 km/h. In the summer, the northern wind prevails in the north of the oasis, 

which prevails at average speeds not very different from those of the same places in the previous 

seasons (Figure 10c). In autumn (Figure 10d), the wind grows southwest of the oasis with speeds up 

to ~ 25 km/h in the north. Overall, the majority of the wind in the northern part of this area is either 

north or northwesterly with an average velocity of 15-25 km/h. In the south, the wind blows southeast 

and southwest at different intervals during the year, with speeds of < 8-18 km/h. 
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Figure 8 (a) Slope and (b) Aspect maps, extracted from (c) Contour maps of the study area  
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Figure 9: Wind speed data and their directions in the El -Kharga area, from the Egyptian Meteorological Authority, 

2019 

 

 
 

Figure 10: Wind rose diagrams showing wind the speed averages and direction in the study area during the four 

seasons over the two years (1990 and 2019) (aïd) 

 

 

 


