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Abstract. Movements of sand dunes are considered one of the most serious economical and environmental problems in Egypt. As the sand dunes cover large areas of the Western Desert, and particularly
pose a threat to inhabited oases in the middle of the Sahara. The current research envisages monitoring
and assessing the recent movements of the sand dunes belts in Dakhla Oasis area using multi-temporal
satellite images and GIS-developed model using Python script in ArcGIS. The satellite images (SPOT
images, 1995 10 m & 2007 2.5 m) were geo-rectified and processed into 2.5 metre spatial resolution using Erdas Imagine and ArcGIS to delineate the geographical distribution of sand dunes at these different
dates. The frontiers of individual dunes were measured at these different dates and these movement
rates were analysed in GIS. The encroachment rates of these dunes are highly variable and range from 1
to 15 metre per year. The landuse and landcover were also mapped from the available satellite images
in order to identify the most vulnerable areas to the path of sand dunes. The current adopted technique
by the locals is to cultivate grain and fodder crops in the inter-dune areas that are, in parts, slowly covered by the advancing sand dune. On the long-term, the agriculture areas and associated infrastructures
are wandering the exposed inter-dune areas. The current research recommends the sustainable developments in areas that not sensitive to the migration of sand dunes.
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Introduction
In Egypt, sand dunes occupy approximately 26% of the Egyptian deserts. Studying sand dunes in
Egypt has started by the end of the 19th century with the pioneer works of [1-4], are the earliest
studies, while the research of [5,6] was the most comprehensive. However, literature about dune
dynamics in Egypt is very limited and very few attempts have been made to investigate dunes evolution [7]. Since the early thirties of the twentieth century movement of barchans at the study area
(Dakhla) have been studied by different authors and revealed that the migration rates of sand dunes
reach between 1-16.9 metres/year [8,9]. During the last two decades studying sand dunes dynamics
have been considered as a priority in the Egyptian government development plans. That was due to
the fact that sand dunes, particularly in areas surrounding the western desert, represent a permanent
threat to soil productivity, agricultural production and local communities. Therefore the main goals
of this research are to monitor and detect the dunes migrations and calculate the movement rates of
sand dunes using high resolution satellite imagery through two temporal separations. The multitemporal satellite images using SPOT data will assists to extract the movement rates for sand dunes.
1. Study area
The Dakhla Oasis in the Western Desert is located about 750 km to the southwest of Cairo, between
latitudes 25º31´ and 25º41´30´´N, and 28º46´30´´ and 29º2´E (Figure 1). The study region covers
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an area of approximately 500 km2. The floor of Dakhla depression is bounded from the north and
northeast by steep scarps of the Eocene Limestone plateau, but gradually rises to the south where it
merges with the plain of Upper Cretaceous Nubian sandstone. It is estimated that 30,000 acres of
land are being cultivated within the Dakhla Oasis. The recent estimate of population shows that
70,000 residents are settled in the rural areas of the depression, most of them are farmers who are
battling of the threats of mobile sand dunes on their fields. The prevailing wind is North-Northwest;
a bi-directional wind system that probably caused the sinuosity of the northern dunes [10]. In the
southern part of the area that are representative of the diversity of the most frequent type of (Barchan) dunes, the inter-dune areas have been reclaimed by agriculture, which give the dunes the appearance of being stabilized. However, it is recorded that the dunes are still advancing and threatening the nearby farmlands and urban areas in Dakhla Oases.

The distribution of sand dunes

Figure 1. Study area included distribution of sand dunes, Dakhla Oases, Egypt

2. Data and methodology
2.1. Data set
In this study, two spot images were used to calculate the migration rates of sand dunes around the
major sensitive areas in the study area (Table 1). Multi-temporal SPOT images (1995 10 metres,
2007 2.5 metres) were acquired form OASIS Programme CNES, France (http://medias.obsmip.fr/oasis/). The images were geo-rectified using ground control points was performed with RMS
errors of the registration are ranging from 0.2 to 0.3 pixel for the both images. Spot 1995 were resized from 10 to 2.5 m spatial resolution, in order to equivalent with the same pixel size of the Spot
2007 2.5 m. Therefore the images are ready for correlation and image processing. All images were
acquired in the winter season of the years 1995 and 2007.
Table1: Optical data set used in this study
Data type
SPOT 3
SPOT 5
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No. of images
1
1

Acquisition Date
14.12.1995
08.01.2007

Spatial resolution
10 m Pan
Basic Ortho 2.5 m

Spectral range
0.50-0.73 µm
0.48-0.71 µm
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2.2. Methodology
Remote sensing data are widely being used to monitor and detect the migration rates of sand dunes [1113]. In this study two Spot images from 1995 and 2007 were obtained, pre-processed and co-registered
into UTM coordinate system. Several ground control points (mainly main roads intersection and isolated small conical hills in the desert areas) were selected on the images and matched with their counterparts on small scale topographic maps. The accuracy of satellite image registration was tested in the
field where checked points showed high position accuracy. The original spatial resolution of the 1995
Spot image (10 m) was resampled into 2.5 m. Since these two images are highly co-registered and are of
comparable and high spatial resolution, they have been used to detect and measure the minor changes in
sand dune movement within the study area. Technically, different methods can be used to extract migration rates; change detection technique [11] (compute difference map), Neighbourhood statistics [14,15],
and vector extraction from raster [16]. Firstly, the satellite images were enhanced and processed to identify and map sand dune into separate classes. Then, images were subtracted (Figure 2). The raster output
was ready for automatic vector extraction from raster using spatial analyst in ArcGIS9.3 (Figure 3). To
determine the accuracy assessment for vector result, Write Function Memory Insertion (WFMI) [17-1819], were used to merge both images (1995, 2007) into a single image. In this new image, the false colour composite image was displayed as red (2007), green (1995) and blue (1995). Therefore, red areas
represent the frontier movement of sand dunes during temporal separation (Figure 4). The vector extraction layer of sand dunes movement with a raster of WFMI demonstrate the accurate results (Figure 5).
In order to calculate the rate of sand dunes movement, dune dimensions have been created using scripts
written in Python language through ArcGIS [20]. Python script was written to create rectangle shapefile
around each feature of movement and create seven transects lines inside of the rectangle. The intersect
tool from ArcGIS has been used to overlap seven transects lines with each vector of dunes movement in
order to extract the movement rates in each part of each single dune movement. The summarize function
has been used to calculate the maximum, minimum and average movement of sand dunes based on
seven transects lines (Figure 6).

Figure 2. Differential map of changes between 1995 and 2007, the movement
of sand dunes is represented in yellow colour
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Figure 3. The automatic vector extracted from the raster image, Figure 2

Figure 4. Satellite images produced from 1995 and 2007 SPOT data using the Write Function Memory
Insertion (WFMI) technique, red colours represent areas swept by moving frontiers of sand dunes.
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Dunes migration

Figure 5. Accuracy assessment for GIS-vectorisation of sand dunes movement (yellow colour)
and its overlay on the WFMI composite image of Figure 4

(Transect lines)

Figure 6. Automatic extracted vector of movement dimensions, written in Python language to create a rectangle around
each feature (white colour) and seven transects lines inside each rectangle in order to intersect vector of dunes movement (yellow colour) with transects lines (blue colour) which present the movement rate
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3. Results
In this study, the monitoring and detection of movement rates of sand dunes have been calculated
using the difference between two SPOT images (1995, 2007). The rates of dunes movements have
been automatically extracted and calculated using scripts developed by Python programming language. 15 barchan dunes were selected using the subset area from all results. The movement area,
minimum movement, maximum movement and average movement were processed through summarize tool through ArcGIS (Table 2). The annual rates of barchan dunes migration in Dakhla Oases
varied between 1 and 15 metre, with an annual mean of 5 metre/year. At Dakhla Oases, the average
movement per year have been processed using average movement of entire period/11 year. The results reached finding similar result with most of all previous studies in this area [8,9,21].
Table 2. An example of calculated movements rates of sand dunes through 15 dunes around Dakhla Oasis.
Minimum
Movement (m)

Maximum
Movement (m)

Average
Movement (m)

Movement Rate (m)
(A. M / 11 Years)

14693.98

35.52

72.27

55.83

5

2

8822.39

33.52

76.37

60.46

5

3

18988.17

43.59

103.80

62.83

6

4

16550.68

52.27

72.10

60.99

6

5

14390.69

51.06

78.16

63.52

6

6

5842.73

21.43

48.43

33.57

3

7

6360.24

25.95

66.18

48.75

4

8

8996.84

38.34

65.63

54.15

5

9

12321.43

34.14

69.54

52.45

5

10

15995.89

42.10

69.05

56.14

5

11

10945.45

37.26

89.62

52.93

5

12

33267.33

36.44

111.60

67.06

6

13

12320.43

36.71

76.64

57.98

5

14

21031.46

41.44

111.40

76.80

7

15

7056.05

30.17

54.06

47.03

4

ID

Movement
Area (m2)

1

Average movement for selected 15 sand dunes

5

4. Conclusions
Spot images with high spatial resolution can be used for monitoring and detecting the migration
rates of sand dunes. The image subtraction technique proved significant in automatic extraction of
sand dune movement rates that vary from a few metres to 15 metres. The different rates of movement are certainly related to various factors such as dune shape and dimension, wind speed, wind
direction, topography and landcover. Although the study did not investigate the impact of interplay
among these different factors on obtained results, the used data and technique is very useful to map
the dynamic changes in the areas even during small time interval. Indeed, further studies are needed
to simulate sand dune movements, and to understand the most active pathways that pose a threat to
the existing and planned activities in the area.
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