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Abstract

. Sand movement is caused by active winds that carry sand particles from one place to
another. The speed of sand movement varies according to the strength and direction of winds,
with sand accumulating in places where winds cannot move it, ultimately leading to the
formation of sand dunes. This study was conducted in a leading area of the Syrian Desert,
located between the provinces of Deir ez-Zor and Homs, with an estimated area of 23,748.5
km2. This area is of great importance due to the threat of sand encroachment towards and
from it, which endangers the surrounding urban and agricultural areas with various

environmental and health problems. The aim of this research was to study and track sand



encroachment and movement of sand dunes in the study area by: establishing a reference
equation that can be applied to a time series of satellite images to calculate the spatial
distribution of sand and its ratios in the study area, producing maps showing the spatial
distribution of sand in the study area during time periods between 2004 and 2022, comparing
consecutive time periods from the studied periods in terms of calculating the percentage
ratios of sand quantities entering or leaving each part of the study area, calculating the areas
of change in sand ratios between consecutive time periods to determine the direction of sand
movement and sand dunes in the study area, and identifying the areas threatened by sand
encroachment within the study area. Using mathematical modeling, sensor data, and field
observations, a multiple linear regression equation with statistical significance was derived
using the Stepwise Regression procedure to estimate sand ratios in the soil of the study area
using a time series of LANDSAT 8 and 5 satellite images spanning from 2004 to 2022. This
time series of satellite images was later used to derive a number of spectral indices (NDVI,
NDSI, LST) and topographic indices (DEM, Slope, Aspect) as independent variables related
to sand ratios in the soil of the study area. The research showed a clear variation in the
amounts of loose or entrained sand entering different sites in the study area during the
research period from 2004 to 2022. In addition, there was a variation in the extent of this
increase or decrease in sand ratios between different time periods, as well as a difference in
their spatial distribution. This may be due to the variation in the amount and spatial
distribution of rainfall between different periods, which led to a change in vegetation cover
density that helps stabilize the surface layer of soil, improve its physical properties, and
prevent it from shifting and moving. Furthermore, the timing and location of sand and dust
storms vary throughout the year, requiring different wind directions and intensities that blow
over the study area at different times. This leads to an increase in sand ratios in one area of
the study area and a decrease in another area when comparing two different time periods, as
shown by the research. It is worth noting that the study showed, through analyzing the
climatic data on wind speed from several weather stations surrounding the study area for all
months of the year over a period of more than ten years, that the months of May, June, July,
August, and September are the months in which high wind speeds prevail compared to other
months of the year. Additionally, this study identified the areas at risk of sand encroachment
within the study area by examining several factors that affect sand encroachment and the
formation of sand dunes, including wind speed and intensity, slope degree, slope direction,
the absence of vegetation cover capable of stabilizing the surface layer of soil and preventing
it from moving, and the presence of sand in the surface layer of soil. Through performing an



overlay process of all the factors affecting the movement and displacement of sand in the soil
of the study area and classifying these factors according to their level of severity into five risk
levels, the spread of areas threatened by sand movement and displacement was revealed in
the southern and southeastern parts of the study area. These areas are relatively high
compared to other areas, with an elevation reaching approximately 700 meters. Additionally,
these areas are found on both sides of the road between Deir ez-Zor city and Palmyra city
near the village of Al-Sukhna, where these areas fall within the high and very high risk levels
of sand movement and displacement. On the other hand, areas with medium risk levels of
sand movement and displacement are found in the central, northern, and northwestern parts
of the study area and in the eastern part adjacent to the Syrian-Iraqi border. This indicates that
about two-thirds of the study area is located in active areas where sand is moved and
displaced by winds towards other areas. Furthermore, areas with low risk levels of sand
movement and displacement are found in the northeastern part adjacent to the Euphrates
River near the border town of Al-Bukamal. This may be due to the density of vegetation
cover in these areas, whether agricultural or herbaceous, which helps stabilize the surface
layer of soil and prevent it from being eroded by wind. Areas with low risk levels of sand
displacement and movement are also found in the southwestern part of the study area near
Palmyra city due to their good vegetation cover. The high and very high risk levels of sand
movement and displacement formed 32.68% of the total area of the study area, while the
percentage of the area with medium risk levels was 48.87%. The area with low and very low
risk levels comprised 18.21% of the study area. This may indicate that areas with medium
risk levels of sand movement and displacement dominate the other risk levels, and thus there
is a possibility of further deterioration and joining of these areas to the high and very high

risk levels..
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