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Abstract Sanddune encroachment is oneof themost environmental issues inAfrica.
It is a natural cause of desertification in the Western Desert, Egypt. The arid lands
in Africa are strongly influenced by desertification. Sand dune movements threaten
irrigated lands andwater canals, residential areas, andwaterwellsDakhlaOasis. Sand
dunes in Dakhla Oasis are crescentic and linear dunes. Several villages in Dakhla
suffer from dune encroachment. The rate of Dakhla dune movement was measured
using two sets of aerial photographs, 1961 and 1982 and Landsat images 2019.
The rate of sand dune movement is between 0.5 and 14.0 m/yr with an average
of 5.8 m/year for the crescentic dunes. That of liner or longitudinal dune (Seif)
movement is 7.5 m/year. Sand dune movements are determined by dune size and
local wind direction and velocity. Small dunes generally move faster than the larger
ones. The rates of crescentic dune growth in terms of width and length average
between 25 and 37 cm/year. The present chapter applied Sand drift potential (DP)
formula using Fryberger model on the average effective wind speed sets at Dakhla
and Farafra oases. The period from March to May showed the highest resultant drift
potential. Controlling sand dune movements is very difficult and more expensive.

Keywords Sand dunes · Dakhla Oasis · Dune movement · Sand drift potential ·
Fryberger model

1 Introduction

Sand dune movement towards cultivated lands is a natural cause of desertification
that is an important environmental issue in Africa. Soil is one of the most essential
resources and the basis of agriculture which is the dominant sector in Africa. It is one
of the major sources of income in Africa. The daily lives of, most Africans account
for just over 60% of jobs across the continent. Agriculture represents about 25%
of the GDP in Africa (World Bank 2015), ranging from 3% in Botswana to 50%
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in Chad, the Central African Republic, and Sierra Leone (World Bank 2015). The
economy of Dakhla Oasis is based on agriculture. The people in the Dakhla Oasis
use about 520 springs and ponds. Some of water sources have recently dried out, and
others use electric pumps (Sefelnasr 2007).

Sand dune encroachment occurs mainly in desert areas with fragile lands, loose
sands, limited precipitation, and hot and dry climate. It risks to form nonproductive
lands and reduce the ability of cultivated land to produce crops, and livestock. Some
cultivated lands decreased their productivities because of soil degradation and deser-
tification. Soil erosion reduced yield in Africa ranging between 2 and 40%, with an
average loss of 8.2% (Eswaran et al. 2001). Most of the lands in Africa are classified
as arid lands (Lancaster 1996). Africa includes hyper arid region in the world called
the Sahara and the deserts of Kalahari and Namib.

The present chapter studies the sand dune movement in the Dakhla Oasis in the
WesternDesert as a case study for theAfrican drylands. DakhlaOasis is located in the
middle of theWestern Desert (see Fig. 1). Many researchers studied sand movement.
Their researches led to develop mathematical equations for calculations of the sand

Fig. 1 Locations of Dakhla and Farafra Oases (Source Landsat image, https://visibleearth.nasa.
gov/images/71790/the-nile-egypt)

https://visibleearth.nasa.gov/images/71790/the-nile-egypt
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drift rate (Beadnell 1910; Bagnold 1941; Mitwally 1953; Fryberger 1979; Bubenzer
et al. 2020).

The geology and water resources were discussed in relation to human activi-
ties (Bagnall and Tallet 2019). Assessment of water quality and its suitability for
various crops were investigated (Fadl and Abuzaid 2017). Some information derived
from space-based images have provided good understanding of climate systems and
processes in dry regions in Egypt (El Kenawy et al. 2019). Soil morphological and
physico-chemical properties as well as soil classification were carried out in west
Mawhub area, Dakhla Oasis in order to establish guide parameters for land utiliza-
tion types on a basis of sustainable agriculture (El-Sayed et al. 2016). They are
considered salt-affected soils. The topography and geology of the New Valley in
general and the Dakhla Oasis, in particular, have been studied by several authors
(Hermina et al. 1961; Said 1962; Ashri 1973; Mansour 1973; Ezzat 1976; Embabi
1979; Hermina 1990; Sharaky 1990; Brookes 1993; Wycisk 1993; Hereher 2010,
2014, 2018; Ghadiry et al. 2012; Hereher and Ismael 2015; Ismael 2015; Hamdan
et al. 2016).

Ashri (1973) measured the movement of 92 crescentic sand dunes in Kharga
Oasis, using two sets of aerial photographs (1944 and 1961), and estimated the rate
of dune movement to be about 12 m per year. Embabi (1981) also measured the rate
of sand dune movement in Kharga and Dakhla Oases in 1979, using two groups of
topographic maps (1:25,000) of 1930 and 1961 f. He reported the average rate of
sand dune movement between 5.5 and 9 m per year for Dakhla and Kharga Oases
(Embabi 1979). Embabi (1981) measured the dune movement in the field for a year,
and estimated the sand dune movement to be between 20.8 and 100 m per year.

Sharaky (1990) calculated the annual rate of sand dune movement using the
aerial photographs of 1961 (scale 1:50,000) and 1982 (scale 1:60,000). The 82 cres-
centic and 25 longitudinal dunes were selected to measure the movement of sand
dunes located in various dune belts, and representing the different dune forms and
sizes. After setting the land marks from some permanent topographic features, the
morphology of the crescentic dunes including width and length as well as their
distances from the toe of slipface to the nearest suitable land mark were measured
using a stereoscopic caliper. It has an accuracy of 0.1 mm, and represents the ground
distance of 5 and 6 m for the aerial photographs taken in 1961 and 1982.

It was not possible to accurately measure the movement of small dunes between
from 3 to 17 m in length from these photographs.

Fryberger (1979) estimated the annual sand dunemovement using the Fryberger’s
model of sand drift potential for Dakhla and Farafra sands located to the north of
Dakhla. The Farafra sands are considered the primary source of Dakhla sands. A
GIS-based model was developed for measuring sand dune movement using Landsat
images (Ghadiry et al. 2012). The rate of sand dune movement ranged between 3
and 9 m per year. Most of the sand dunes showed a rate movement ranging from 0 to
6 m. A small number of sand dunes showed a movement rate ranged from 6 to 9 m.
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2 Sand Dunes in Africa

Sand dune sand occupies more than 18% of the drylands in Africa. The major sand
dune types in Africa are linear and crescentic with some star dunes.

2.1 Sahara Dunes

The Sahara is the largest non-polar desert in the world, with a total size of 9.4 million
km2 (Lancaster 1996). The rainfall in the Sahara is very low in the northern and
southern fringes, and nearly non-existent over the central and the eastern part. Most
of the areas in Sahara have rainfall below 20mm. The Sahara Desert constitutes more
than 86% of the African deserts with high temperature and strong winds. Drifting
sands cover about one fifth of the Sahara Desert area (see Fig. 2), forming the world’s
most massive sand seas.

The sand-transport pathways are influenced by the dominance of the trade-wind
circulation, N-S and NE-SW. The rate of sand dune movement is between 5 and 15m
per year dependent on the dune morphology (Beadnell 1910; Sharaky et al. 2002;
Embabi 1981; Haynes 1989). The smaller dunes move faster than the larger ones.
The major types of dune in the Sahara are linear and crescentic. Star dunes are found
only in the dune sand seas in Algeria and Libya (Bread et al. 1979).

Fig. 2 Sand dune distribution in the Sahara Desert
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Fig. 3 Sand dune distribution in the western Kalahari Desert and sand drift potential (Conoco
1987)

2.2 Kalahari Dunes

The Kalahari area is located in the great sand-covered plain surface at 800–1,200 m
asl, stretching about 932,396 km2 across Botswana, Namibia, and South Africa
(Lancaster 1996). Linear sand dunes are the dominant types (see Fig. 3). In the
geologic history up to twenty thousand years ago, the Kalahari sand dunes have
been stabilized through vegetation. In difference to the Sahara Desert, the Kalahari
receives too much rainfall ranging between 25 and 250 mm/yr and causing dune
stabilization.

2.3 Namib Sand Dunes

The Namib Desert lies along the Atlantic coast. The dune belts of crescentic and
linear dunes characterizes the Namib (see Fig. 4), and are the oldest dunes in the
world about 30 million years old. The Namib dunes cover more than 32,500 km2.
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Fig. 4 Spaceborne radar image of the Namib Sand Sea, showing parallel dune zones (54.2 ×
82.2 km) (Source Spaceborne Imaging Radar-C/X-Band Synthetic Aperture Radar (SIR-C/X-SAR)
onboard the space shuttle Endeavour1994, NASA https://www.jpl.nasa.gov/spaceimages/details.
php?id=PIA01856)

In the Namib Desert, the linear sand dunes in the northern parts of the sand sea
havewidths of about 600m. The annual rate of sand dunemovement is about 0.1m/yr
Bristow et al. 2007). Star dunes occur in the inland of the Namib Desert It shows
an active dune movement, because of the decrease of wind energy from the coast
(Bread et al. 1979).

2.4 Topography of Dakhla Oasis

Dakhla Oasis is a depression surrounded by a precipitous escarpment running toward
WNW direction for 250 km (Said 1962). The floor of the depression slopes gently
to the NE. The landscape of Dakhla Depression is classified into (El-Shazly et al.
1976):

1. The northern structural plateau that ranges from 420 m above mean sea level
(amsl) at SikkatAbuMinqar to 600mamsl (Bagnall andTallet 2019). The plateau
is dominated by calcareous rocks that are underlain by shales and sandstone. The
transition from the northern plateau to the depression floor is marked by a steep
escarpment dissected by dry drainage lines and promontories.

https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA01856
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2. Central Piedmont plain that represents the low area confined between the floor
of the escarpment and the southern structural plain.

3. Southern structural plain that occupies the southern extension of Dakhla depres-
sion. It is underlain by the Nubia Sandstone Formation. The surface of this floor
rises to more than 200 m.

4. Gabal Edmonstone is an isolated hill detached from the plateau and occurs about
18 km west of Qasr. It has an elevation of about 465 m (amsl) and 300 m above
the depression plain (Brookes 1993).

2.5 Geology of Dakhla Oasis

The Dakhla Depression dips gently northward. They crop out at the cliff (Ezzat
1976). The geologic rocks of Late Mesozoic-Early Cenozoic rocks which form the
primary sedimentary cover, are subdivided into lithostratigraphic units (see Fig. 5).
The rocks of geologic formations in the Dakhla depression form five units (El-Shazly
et al. 1976; Said 1962):

1. Chalk: The Chalk is snow-white and varies in thickness from 20 to 50 m. It
forms the scarp of the northern plateau.

2. Dakhla Shale: The Dakhla shale overlies a hard brown limestone bed, about one
meter in thickness, which caps phosphatic beds.

Fig. 5 Geological map of the Dakhla Oasis (Conoco 1944). Lithostratigraphic units (ElKhawaga
et al. 2005)



110 A. M. Sharaky

3. Phosphate beds: The Phosphate beds extend over the whole of the escarpment
that bounds the greater Dakhla area from Qasr to Teneida.

4. Variegated Shale: Red clays with some green beds from the base of the
depression. They are formally known as Variegated shales and later called Mut
Formation by Fay and Degen (1984).

5. Nubian Sandstone: The Nubian Sandstone Formation on the Dakhla depression
extending southwards forms a gently rising desert. It is classified into three main
members from Landsat-1 satellite images.

Dakhla depression was formed by erosion during Oligo-Miocene times (Mansour
1973; Beadnell 1901). Differential weathering in the thick shale section capped by
limestone caused successive retreat of the scarp to the north during the Pleistocene.

2.6 Land Use and Land Cover in Dakhla Oasis

The cultivated lands in Dakhla Oasis was doubled to about 210 km2 (52,000 Fadden)
in 2011 from 110 km2 in 1984 (Kato et al. 2014). A slight increase in the cultivated
lands was recorded from the Landsat 8 OLI/TIRS C1 Level-1 images between 2014
and 2019 (see Fig. 6).

A false color composites image was produced from three bands 2, 3 and 4 of
SPOT4 satellite images of 1971 and 2011 (Kato et al. 2014). The visual interpretation
helped to give a general idea about land cover changeswith time.A noticeable change
was recorded in areas of new land reclamation in the Dakhla Oasis where some of
the deserts were changed to productive lands.

2.7 Types of Sand Dunes in Dakhla Oasis

The sand dunes in Dakhla Oasis cover a surface area of about 600 km2. They are
concentrated in the western part of the oasis, west of the longitude 29° E. The sand
dunes form five parallel dune belts running southwards. They are perpendicular to
the longitudinal axis of the depression (see Fig. 7). In different to northeast African
dunes, the sand dune belts in Dakhla move counterclockwise around a center close
to Gabal Abu Tartur (29° 43’ E and 25° 33’ N).

There are two main types of sand dunes in the Dakhla Depression. They are
crescentic and linear dunes (see Fig. 8). Crescentic dunes are commonly referred to
as barchan dunes. The slope of slip faces of crescentic dunes varies between 31 and
34°. The inclination of the windward slope is more gentle and variable depending on
the dune size. It ranges from 3 to 10° (gentle to moderate slope). Crescentic dunes
form ridges, commonly known either barchanoid or transverse ridges showing a
single slip face on each arc.
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Fig. 6 Cultivated lands (green) inDakhlaDepression fromLandsat 8OLI/TIRSC1Level-1 (Source
The Operational Land Imager [OLI] and Thermal Infrared Sensor [TIRS])
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Fig. 7 Distribution of sand dune belts in the Dakhla Depression (Source Uncontrolled mosaic of
1961-aerial photographs)

Complex crescentic dunes in Dakhla Depression include mounds or ridges on
which subsidiary dunes of different types. They are the most prevailing sand dune
types in the Dakhla Depression. The sand dunes consist of parallel rows of crescents
that have joined to form sand ridges with a very steep slip faces oriented normal to the
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Fig. 8 Types of sand dunes in Dakhla Oasis, Egypt (Source from Google Earth map acquired
February 2019)

prevailing wind direction. The linear dunes are commonly referred to as longitudinal
or seif dunes (McKee 1979).

They take place in the southern segment of the eastern dune belt in Dakhla
Depression. The linear dunes have an averagewidth of 30m and length up to 1,000m.

The sand dunes types and their distribution in the Dakhla Depression vary by
wind regime and speed, distance from the escarpment of the northern plateau, space
between dunes and local landforms.

2.8 Grain Size of Sand Dunes of Dakhla Oasis

Mechanical analysis of 126 dune sand samples showed that the average of the grain
size ranges from 0.13 to 0.34 mm with an average of 0.22 mm (Sharaky 1990).
The grain size of the linear dunes is slightly finer than that of the crescentic dunes.
The dune sands are represented by a unimodal distribution denoting a source of
one population. The dune sands range in sorting from well to moderately sorted.
The slip faces referred to as lee-slopes are better sorted. The Dakhla dune sands
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are classified as fine sands, well to moderately sorted, fine skewed, and mesokurtic.
Microenvironments of the dunes show much overlap in properties of the grain size
and small fairly consistent differences. The barchan crests and the eastern flanks
of the linear dunes are the coarsest, less sorted, more positive-skewed, and more
leptokurtic.

2.9 Sand Grain Morphology in Dakhla Oasis

The Dakhla dune sand grains are generally sub-rounded with an average roundness
of 3.3ρ. The microenvironments of the crescentic dunes show a slight variation in the
roundness of their quartz grains. The coarse grains are more rounded and spherical
than the fine grains. The sand grains did not show any regular change in roundness
with distance indicating that the sands are transported for a long distance. Quartz
grains forming linear dunes are slightly more rounded and spherical than those of the
crescentic dunes. The reason could be related to the greater surface area subjected
wind energy in linear dunes.

The examination of quartz grain surface using a scanning electron microscope
showed that the grains are mainly affected by mechanical features and less chemical
features. The mechanical features are represented by dish-shaped concavities, elon-
gated depressions, upturned plates, parallel ridges, arcuate, circular, polygonal and
star features. The examined chemical features include solution etching pits, fracture
fillings, and silica precipitation to give the form of turtle-skin (Philip et al. 1992).

2.10 Mineral Composition of Dune Sands of Dakhla Oasis

Dakhla dune sands are generally uniform in mineral composition. They have mainly
composed quartz with a minor amount of carbonate grains (calcite and dolomite). A
minor amount of foraminifera, rock fragments of shale and phosphates are recorded
with quartz (Sharaky 1990). The carbonate content averages 5.8%, being slightly
higher in crescentic than in linear dunes. The source of carbonates is most probably
the Lower Eocene limestone capping the northern plateau.

Quartz is the most abundant light mineral in the mixture of fine to very fine sand
fractions, while feldspars are relatively rare. The quartz grains show frosting due to
pitted surfaces with grooves and cracks that filled by iron oxides.

TheDakhla dune sands varies in color fromvery pale brown (10YR7/4 inMunsell
Color Chart) to light yellowish brown (10 YR 6/4) in the dry state. The color of wet
sands is intense brown (7.5 YR 5/6). The reddening of sand grains in the Dakhla
depression slightly increases eastwards from the western belt and in the direction of
transportation southwards.

Heavy minerals of fine and very fine sand grains are mostly concentrated in the
outer belts, and locally on the crests of sand dunes. They average 0.9 and 0.7% in
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the linear and crescentic dune sands, respectively. Opaque minerals are the heaviest
mineral group recorded in the dune sands. They represent 80% of the heavy fraction.
The opaqueminerals are goethite, hematite,magnetite, and limonite. The non-opaque
minerals are represented by a suite of minerals enriched in ultra-stable zircon and
tourmaline, and meta-stable minerals such as epidote, garnet, and staruolite. The
ultra-stable minerals are concentrated on the dune crests and the eastern flanks of
crescentic and linear dunes. Zircon is the most abundant non-opaque mineral in the
crescentic dune sands, averaging 35.5%, but it is next to epidote in the linear dune
sands (Sharaky 1990). The abundance of zircon indicates that these minerals are
being reworked from older sediments, most probably the Nubian sandstones.

3 Movement of Sand Dunes in Dakhla Oasis

The sand dunes in Dakhla Depression are in continuous movement southwards. The
sand dune encroachment threatens roads, houses, water wells, and cultivated lands.
Twogroups of aerial photographs for thewestern area ofDakhlaDepression (21 years
apart) were used to determine the rate of sand dune movement. The first group is a
set of 82 crescentic dunes, and the second set includes 25 linear dunes. They were
chosen to measure the sand dune movement of different dune belts, types, forms, and
sizes. The dimensions of the crescentic dunes including width and length, distance
from the toe of slipface to a distinct land mark were measured.

The Dakhla crescentic sand dunes range in movement between 0.5 and 14 per
year, in average 5.8 m per year. The dune movement differ from one place to another
based on local conditions. The most important factors of dune movements are dune
size and local wind velocity. In general, small crescentic dunes move faster than the
larger ones. The sand dunes in the northern part are smaller in size and move faster
than the massive southern sand dunes. The crescentic sand dune grow in width and
length in average 25 and 37 cm per year, respectively.

4 Sand Drift Potential (SDP) in Dakhla Oasis

The prevailing wind in Dakhla Depression is NNW (see Fig. 9). Winds of gale force
and above are rare in the depression. The annual average surface wind speed more
than 5.14 m/s is about 13% (Sharaky 1990). The Fryberger formula of sand drift
potential was applied to the average effective wind speed calculated from the wind
data of Dakhla and Farafra meteorological stations (1970–1980) (Fryberger 1979).
The wind values representing the relative rates at which winds of different average
velocities can move sands are called weighting factors (Fryberger 1979). They are
derived by substituting values of wind velocities (average wind speed of a velocity
category) for the weighting formula of Lettau (McKee 1979) as follows:
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Fig. 9 Wind roses of Dakhla Oasis, 1971–1980

q = V2(V− Vt), (1)

where q = rate of sand drift potential, V = wind velocity at 10 m height and Vt =
impact threshold velocity.

The energy of surface winds was classified in the desert regions, depending on the
average annual drift potential, into the following groups (Fryberger 1979): (1) low-
energy environment, with the drift potential (DP) less than 200 vector units (VU);
(2) intermediate-energy wind environment with DP ranging between 200 and 399
VU; and (3) high-energy wind environment in which DP is greater than 400 VU. The
threshold velocity of 0.2 to 0.3 mm quartz sand grains was estimated as 5.97 m/s
for many desert dune sands (Fryberger 1979). This value was rounded to 6.17 m/s
and applied in this study. The average value of the annual drift potential at Farafra
Depression (1882 VU) is much higher than that at Dakhla Oasis (787 VU). Dakhla
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and Farafra Depressions belong to the group of high energy wind environments
according to the energy classification of surface winds in the arid regions (Fryberger
1979).

Figure 10 plots monthly and annually sand roses for the 12 directions in Dakhla
and Farafra Oases. The arms of the sand rose are proportional in length to the sand
drift potential values. The sand rose diagrams show that the DF differs significantly
by direction. They also change monthly according to the wind velocity. In general,
the annual sand rose of the Dakhla Oasis is wide-unimodal; more than 90% of the DP
belong to four adjacent directioca1 categories from 285°-314° to 15°-44°. Farafra
Oasis is obtuse bimodal; two mode directions form 44% of DF in the directions
255°-284° and 15°-44°.

The net sand transport potential was calculated from each sand rose diagram
using the Pythagorean theorem, which is referred to as the resultant drift potential
(RDP) and expressed as vector units (Fryberger 1979). As shown in Fig. 10, April
has the highest RDP of 91 and 298 VU at Dakhla and Farafra Oases, respectively.

Dakhla Farafra

Fig. 10 Sand roses of Dakhla and Farafra oases
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Fig. 11 Monthly variations of resultant drift potential (RDP) at Dakhla and Farafra OPases

The resultant drift potential at Dakhla oasis moves to different direction from SE in
January to April to SSE in May. Then, it changes from SSE in June to the south in
Ju1y–November. The resultant drift potential directs again toward SE in December.

Comparing the annual RDP at Farafra and Dakhla depressions, it is relatively
higher at Farafra than at Dakhla (see Fig. 11). The annual RDP moves toward SE
(131°) with the main direction of the Great Sand Sea in the Western Desert. Thus
the main source of Farafra dune sands is most probably the Great Sand Sea located
at about 50 km west of the Farafra Oasis.

Wind variability is classified as low if the value is less than 0.3, intermediate if 0.3
to less than 0.8, and high if 0.8 or greater. The results showed that wind variability
at Farafra is intermediate (0.5), and at Dakhla high (0.8).

5 Dune Movement Threat in Dakhla Oasis

The villages in Dakhla Oasis such as Gadida, Qalamun, Mushiya, and Ezab al-Qasr
suffer from the migration of sand dunes (see Fig. 7). The dunes attack cultivated
lands (see Fig. 12A, B and C), water wells and irrigating canals (see Fig. 12C and
D), roads (see Fig. 12E) and houses (see Fig. 12F). The northern ends of Dakhla
dune belts usually move to threaten the Dakhla-Farafra road after such wind storm.
Some telephone poles have been leng-thened several times. Moving dunes attack
several roads in the Western Desert of Egypt as well as in Dakhla. The sand dune
encroachments usually threaten highways such as Kharga-Assiut, Kharga-Dakhla,
and Bahareya-Giza.
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Fig. 12 Sand dune movement threatening in Dakhla Oasis (a) Cultivated land at Gadida (b) Culti-
vated land at Mut. (c) Former cultivated land at Ezab El-Qasr. (d) Sand-buried irrigated channel at
Ezab El-Qasr. (e) Dakhla-Farafra highway at Mawhub. (f) Sand-buried houses at Mushiya

It is difficult and expensive to controlling of sand dunemovement inDakhlaOasis.
Some attempts were done to stabilize dune in the Dakhla Depression. Fixation using
plants or trees can protect cultivated lands and houses. However, it can be possible
only in the places where freshwater is available. Sand fences are often built in Dakhla
Oasis. These use two horizontal reeds fixed 50 cm apart, and are tied with vertical
palm leaves by ropes. A primitive type of fence are one meter high and can be used
as a temporary method.

In general, the protection against sand dune movements in Dakhla Oasis, as in
many desert regions, is very difficult and expensive. The most economic way of
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treating the migrating dune belts is to avoid their directions. As to the main roads
between cities that are subject to sand encroachment, the sands are removedmechan-
ically throughout the year. The easiest way, on the other hand, of reclaiming new
areas is to get out of the way of migrating dune belts.

6 Conclusions

The surface ofAfrican continent includes a gigantic plateauwith shallowdepressions.
More than one-third of the world’s arid lands is in Africa, namely Sahara, Kalahari,
and Namib deserts. Sand dunes which is Africa’s most distinctive aeolian feature
cover one-fifth of the African deserts. Among the major dune types in Africa that
are longitudinal and crescentic dunes, the longitudinal ones are the most common.
In Egypt, more than 17% of the land surface is covered by sand dunes. The Great
Sand Sea in the Western Desert constitutes about 80% of the Egyptian dunes.

As to Dakhla Oasis, the two main types of sand dunes are crescentic and longitu-
dinal or linear dunes. The compound crescentic dunes called barchanoid ridges are
the most common type. The linear dunes are common in the southern part of the
eastern dune belt. Dakhla sand dunes continues to move from north to south. They
threaten highways, houses, cultivated lands, irrigated channels, and water wells. The
Dakhla dune movements follow the directional variability of the wind regime and
speed, distance from the northern plat-eau. The rate of Dakhla crescentic dune move-
ment ranges between 0.5 and 14mper year, and averages 5.8mper year. The southern
extremity of linear dunes southwest of Mut ranges between few meters and 15 m/yr
with an average of 7.5 m/yr. The average rate of crescentic dune growth is 25 cm/yr
for width and 37 cm/yr for length. The drift potential (DP) varies significantly from
one direction to another according to the effective wind velocity. The average annual
DP at Dakhla is 787 VU, while it is 1882 VU at Farafra. Spring months showed the
highest RDP.

7 Recommendations

Controlling of dune movement in Dakhla Depression is very difficult and expensive.
Therefore, it is better to overcome threatening dunes by avoiding their way, and the
new reclamation land should be in between the dune belts. Laser stations are required
to monitor the movement of sand dunes in Dakhla Depression.
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