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Abstract. This paper investigates the development of wa-
terlogging in the cultivated and arable areas within typical
dryland closed drainage basins (e.g. the Farafra and Ba-
haria Oases), which are located in the Western Desert of
Egypt. Multi-temporal remote sensing data of the Landsat
Thematic Mapper (TM) and Enhanced Thematic Mapper
(ETM+) were collected and processed to detect the land
cover changes; cultivations, and the extent of water ponds
and seepage channels. The Shuttle Radar Topography Mis-
sion (SRTM) digital elevation model (DEM) has been pro-
cessed to delineate the catchment morphometrical parame-
ters (i.e. drainage networks, catchment divides and surface
areas of different basins) and to examine the spatial distri-
bution of cultivated fields and their relation to the extracted
drainage networks. The soil of these closed drainage basins is
mainly shallow and lithic with high calcium carbonate con-
tent; therefore, the downward percolation of excess irriga-
tion water is limited by the development of subsurface hard-
pan, which also saturates the upper layer of soil with water.
The subsurface seepage from the newly cultivated areas in
the Farafra Oasis has revealed the pattern of buried alluvial
channels, which are waterlogged and outlined by the growth
of diagnostic saline shrubs. Furthermore, the courses of these
waterlogged channels are coinciding with their counterparts
of the SRTM DEM, and the recent satellite images show that
the surface playas in the downstream of these channels are
partially occupied by water ponds. On the other hand, a large
water pond has occupied the main playa and submerged the
surrounding fields, as a large area has been cultivated within
a relatively small closed drainage basin in the Baharia Oa-

sis. The geomorphology of closed drainage basins has to be
considered when planning for a new cultivation in dryland
catchments to better control waterlogging hazards. The “dry-
drainage” concept can be implemented as the drainage and
seepage water can be conveyed through the inactive alluvial
channels into certain abandoned playas for evaporation.

1 Introduction

The agricultural areas of the Saharan deserts are typi-
cally isolated, and mainly occur in small areas endowed
by groundwater resources or ephemeral runoff of the sur-
rounding mountains. Regionally, these limited groundwater
resources of the drylands are being depleted by excessive
pumping to cultivate the arable soils, as the demand for food
production is increasing. Additionally, significant volumes of
irrigation water are being transferred into the Sahara from the
neighbouring perennial rivers. For example, 5 billion cubic
meters of water will annually be conveyed from Lake Nasser
into the Tushka area via a powerful pumping station and sets
of artificial channels, in order to cultivate 2000 km2 in the
southwestern desert of Egypt (i.e. The South Valley Devel-
opment Project) (El Bastawesy et al., 2008a). The main prob-
lem related to the large scale cultivation and irrigation of dry-
land areas is the development of waterlogging (Bradd et al.,
1997). Over time, if there is an inadequate drainage system
or considerable soil depth; a shallow perched water depth is
likely to develop and, consequently, some irrigable lands are
eventually abandoned (Williamson, 1998). In the presence
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of a shallow saline water table, crop production can suffer
when salts accumulate in the soil surface through capillary
action and/or directly as a result of waterlogging (Jones and
Marshall, 1992; George et al., 1997; Houk et al., 2006). Con-
ventionally, waterlogging (i.e. excess soil moisture content)
and soil salinity can be controlled through maintaining a net
flux of salt away from the root zone and controlling the water
table through drainage systems (Konukco et al., 2006). This
can be achieved by the construction of artificial drainage in-
frastructures including both open surface drains and subsur-
face drainage pipes (Abdel-Dayem et al., 2007).

Drainage networks, streams, catchment relief and drainage
divides are important properties in the landscape, which sig-
nificantly contribute to material flow (Burrough and McDon-
nell, 1998). Conventionally, the blue lines printed on most
topographic maps represent these drainage networks, where
continuous lines represent wet water courses and dashed
lines seasonal ones (Chorowicz et al., 1992). The quality of
these blue lines is dependent on the source of topographic
maps and the level of expertise in portraying them. Further-
more, some of the ephemeral channels are expected to have
been omitted during the production of these maps and many
others may have spatial uncertainty, specifically in very low
relief areas. The drainage networks of dryland catchments
are often overlooked as the drainage channels are usually
abandoned and inactive for long periods. Moreover, consid-
erable areas of the dryland have been covered by aeolian de-
posits, and the buried drainage networks can only inferred
by using Radar technologies and geophysical investigations
(e.g. Blumberg et al., 2004; Paillou et al., 2009). Therefore,
the traditional drawing of catchments and drainage networks
from the available topographic maps, or the multi-spectral
satellite images, can be fraught with a great deal of uncer-
tainty. Thus, the automatic extraction of drainage networks
and catchments from the digital elevation model (DEM)
has widely been considered more objective in hydrological
analysis than manual extraction (Tribe, 1991). The impor-
tance of the automatic delineation of drainage networks is
well obvious in the Saharan desert areas; as the surface ex-
pression of the drainage courses is relatively poor and the
quality of available topographic maps is questioned. There-
fore, the mapping of surface drainage channels and catch-
ment outlets can be derived with reasonable accuracy using
the space-born DEM such as the Shuttle Radar Topography
Mission (SRTM) DEM (e.g. Ghoneim and El-Baz, 2007; El
Bastawesy et al., 2009). However, the accuracy and reliabil-
ity of the hydrographic parameters simulation using DEM are
known to be influenced by source, resolution and processing
algorithms (Zhang and Montgomery, 1994; Wolock and Mc-
Cabe, 1995). However, different sources and resolution of
high quality DEM are expected to give highly correlated re-
sults (El Bastawesy, 2007). The various existing processing
algorithms such as the D-8 (Mark, 1984), multiple flow direc-
tion algorithm (MFD) (Quinn et al., 1991) also have signifi-
cant influence and result in relatively different network den-

sities and distributions and catchments areas when applied
on the same DEM sets (Desmet and Govers, 1996).

The concept of integrated catchment management in dry-
land areas are often neglected when expanding agricul-
tural development. The productivity of soils is increas-
ingly affected by highly unfavourable drainage conditions,
and improper farming and irrigation practices have caused
widespread waterlogging (Khouri, 2003). As a result, the
lack of understanding of soil, irrigation and drainage man-
agement can result in rapid land degradation. The current
study aims to investigate the land cover changes of cultivated
areas in typical dryland catchments, in order to assess the de-
velopment and extent of waterlogging. The DEM-derived hy-
drological parameters are integrated with the multi-temporal
remote sensing images in order to determine the relation
of waterlogging patterns to the drainage networks, geomor-
phology and soil properties of the catchments. This is to
determine the most suitable remedial action, which should
be uniquely compatible with the inherited hydrogeological
setting and characteristics of each catchment.

2 Study area

The long-term prevailing aridity of the Sahara was inter-
rupted during the Quaternary by wet climatic periods (i.e.
pluvial), which developed fluvial channels, lacustrine de-
posits in local depressions, and more significantly have re-
plenished the groundwater aquifers (Nicoll, 2004). Most of
the evidence of preceding wet phases and the alluvial chan-
nels have widely been obliterated by the erosion and aeolian
deposits (McCauley et al., 1982; Haynes, 2001; Pachur and
Hoelzmann, 2000). Typical dryland closed drainage basins
in the Western Desert of Egypt (the depressions of Ba-
haria and Farafra Oases), were selected to assess the in-
teraction of different landforms, the hydrogeological setting
and the agricultural management on the land degradation of
cultivated areas.

The depressions of Baharia and Farafra Oases are located
in the middle part of the Western Desert of Egypt, they are
oriented in the northeast– southwest direction and approxi-
mately cover an area over 18 400 km2 (Fig. 1). The Baharia
depression is entirely surrounded by escarpments, but the
Farafra depression is a closed basin with an irregular shape,
where it is bounded by limestone escarpments from the north,
east, and west. The depression floor gradually rises south-
ward and merges into the plateau that forms the northern es-
carpment for Dakhla and Abu Minqar Oases. Geologically,
the floor of the Baharia depression is underlain by the Nubian
sandstone (e.g. Baharia Formation), which is assigned to the
Upper Cretaceous and it is overlain by successions of chalk
and chalky limestone (Khoman Formation) and the lime-
stone of middle Eocene (El-Naqb Formation) (Awad, 1996).
The limestone of lower Eocene (El-Naqb Formation and
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Fig 1: location map of the study area; the catchments of Farafra and Baharia depressions 568 

are outlined in blue, and the insets of satellite images are outlined by green boxes.  569 
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Fig. 1. Location map of the study area; the catchments of Farafra
and Baharia depressions are outlined in blue, and the insets of satel-
lite images are outlined by green boxes.

Farafra Formation) caps prominent escarpments surrounding
the semi-closed depression (El-Azabi and El-Araby, 2000).

These depressions are composed of separate and intercon-
nected local basins, which vary in size from several tens of
meters up to hundreds of square kilometers in area (Embabi,
2004). For example Al Gunnah playa, which is located at
the northeast foot slope of Al Quss Abu Said plateau, cov-
ers alone an area of more than 100 km2 and it represents one
of the oldest agricultural and settlement areas in the Farafra
depression (Hassan et al., 2000). Recently, the Baharia and
Farafra depressions as well as other oases in the Western
Desert have undergone large scale development projects in-
cluding reclamation by land leveling, and drilling hundreds
of deep wells to tap the Nubian Sandstone aquifer for irriga-
tion and other living purposes. The Nubian Sandstone aquifer
is one of the largest groundwater aquifer in the Sahara, and it
extends for over 630 000 km2 in the Western Desert of Egypt,
it represents the only source of water in the oases (Dabous
and Osmond, 2001). But there are growing concerns on the
safe yield production of the aquifer given the non- to lim-
ited recharge of the aquifers and the rapid developments of
other mega-agriculture projects in other parts of the West-
ern Desert pumping the same aquifer (Thorweihe, 1990; Idris
and Nour, 1990). These new irrigation projects are being de-
veloped on large tracts of soil mainly available in extensive
playas, plains and outwash which are developed at the foot
slopes of bounding scarps and on the floor of the depres-
sion of Farafra Oasis. However, large areas of the depressions
have already been irrigated, but the drainage problems were

ignored, as it is generally believed that the natural drainage
capacity of the deep sandy soil profiles is efficient to control
rising soil water tables and salt accumulation in these areas.
Unfortunately, these hypotheses were not true and the culti-
vated areas have developed widespread waterlogging prob-
lems which are clearly visible in the field scale as well as on
satellite images of moderate resolution such as the Landsat
TM and ETM+.

3 Materials and methods

The identification of waterlogging on satellite images can be
achieved using either visual interpretation or digital analy-
sis of the Landsat spectral bands including: change detection
techniques, ratios and vegetation index (Wildman, 1982).
Equally these different methods require ground truthing,
which are time and cost consuming. Water ponds can eas-
ily be detected on the satellite images as the reflectance of
water is nearly zero in the reflective infrared bands (i.e bands
4 and 5 of the TM and ETM+), while the majority of sur-
rounding land cover are of higher reflectance (Moore, 2000).
Moreover, the dates of satellite image acquisitions are very
crucial; as the reflectance of soils and crops vary at different
stages of vegetation growth and irrigation status. The accu-
racy of delineated land cover classes, using the digital analy-
sis algorithms embedded into software, can only be assessed
when the multispectral data are calibrated by reference field
data (i.e. training sets) which are not available for this area.
Herein, the visual interpretation will be used as the avail-
able multi-temporal satellite images covering the cultivated
areas are available only for few dates being separated by
long periods of time. Four Landsat TM and ETM+ satellite
images were collected for the Farafra and Baharia depres-
sions (17 October 1984, 11 November 1989, 23 March 2003
and 30 September 2011); these images were acquired dur-
ing the autumn and spring seasons in order to minimise the
uncertainties of vegetation and cultivation reflectance dur-
ing a single season. The study area was extracted from the
available Landsat scenes. False colour composites of bands
7 (2.08–2.35 µm, shortwave infrared) 4 (0.76–0.90 µm near
infrared) and 2 (0.52–0.60 µm visible green) displayed as
red, green and blue respectively, were found to provide the
best overall discrimination. These bands were also selected
to minimise inter-band correlation, thereby maximising in-
formation content of the resulting composite image. There-
after these images were further enhanced using the interac-
tive stretching of histograms, then these images visually in-
terpreted to detect the land cover changes and to map the
waterlogged areas (Fig. 2).

The DEM of SRTM with 90 m resolution (Fig. 5) was
processed to automatically extract the drainage networks
and sub-catchment boundary for the studied areas in or-
der to investigate the spatial relationship and aerial extent
of agriculture fields and the catchment-drainage networks.

www.hydrol-earth-syst-sci.net/17/1493/2013/ Hydrol. Earth Syst. Sci., 17, 1493–1501, 2013
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Fig 2: The Landsat TM and ETM+ images for the Farafra Oasis, which show the extent of 586 
agriculture areas (red) in 1984 (left), 2003(middle) and 2011 (right). Note the development of 587 
seepage channels and water ponds (black ) during the period of 2003 to 2011. 588 
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Fig. 2. The Landsat TM and ETM+ images for the Farafra Oasis,
which show the extent of agriculture areas (red) in 1984 (top left),
2003 (top right) and 2011 (bottom). Note the development of seep-
age channels and water ponds (black ) during the period of 2003 to
2011.

The hydrological analyses of DEM was carried out using
the widely used D-8 algorithm embedded in ArcInfo soft-
ware with some modifications in the filling of DEM step (El
Bastawesy et al., 2008b). This method requires, first, that all
the sinks (i.e. local depressions) of the DEM to be filled and
raised in elevation to their neighbouring cells in order to en-
sure the flow continuity within the catchment to an outlet
(Jenson and Dominique, 1988). Therefore, it is important to
adjust the flow directions to cope with the fact that the fill-
ing step of the DEM does not distinguish between naturally
occurring sinks (i.e. playas), which is the case in the study
area and the artefacts resulting from the generation technique
of DEMs. The main playas dotting the area were delineated
by visual interpretation of satellite images and their relative
low elevations to the surrounding were assessed using the
available DEM. The playas were masked from the processing
steps of DEM to locally entrap the surface flow in separate
and terminal locations. Therefore, the contributing drainage

 597 
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Fig 3: Field photos show the development of waterlogging within the Farafra Oasis, and 599 

the growth of plant and shrub species distinctive to saline and waterlogged soil.  600 

 601 

Fig. 3. Field photos show the development of waterlogging within
the Farafra Oasis, and the growth of plant and shrub species distinc-
tive to saline and waterlogged soil.

networks and sub-catchments of the different terminal playas
have been determined following the routine application of the
D-8 algorithm routine in ArcInfo as follow:

1. the terminal-masked DEMs were filled;

2. the flow direction of each cell into the lowest elevation
cell of the surrounding eight cells was determined for
the study areas;

3. once the route of flow is determined for each cell, it is
possible to accumulate the number of upslope flow con-
tributing cells (i.e. areas) and the flow pathways;

4. selecting a threshold of the minimum flow accumula-
tion number is required to extract the channels and the
catchments within the area.

The different landforms were initially determined from the
satellite images and the DEM, and the ASRT (1982) soil
map of Egypt following the methodology developed by
Dobos et al. (2002) and the American Soil Taxonomy of

Hydrol. Earth Syst. Sci., 17, 1493–1501, 2013 www.hydrol-earth-syst-sci.net/17/1493/2013/
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 603 
Fig 4: the landcover changes within the Baharia Oasis between 1984 and 2011. Note the 604 

development of water ponds (black) on the low lying playas (yellow), and also note that 605 

the green colors represent the cultivated areas.   606 
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 608 

Fig. 4. The land cover changes within the Baharia Oasis between
1984 and 2011. Note the development of water ponds (black) on
the low lying playas (yellow), and also note that the green colours
represent the cultivated areas.

USDA (2010). The digitized soil units were then corre-
lated and combined with the delineated landforms to define
the dominant soil sets, which indicate the vulnerability to
waterlogging (Fig. 6).

4 Results

In the Farafra Oasis, the Landsat TM satellite image of 1984
(path 178/row 41) shows that agricultural fields are of small
areas (6.5 km2) and mainly concentrated on the floor of Al
Gunnah playa (i.e. the village of Qasr Al Farafra), which
is located at the north-eastern foot slope of Al Quss Abu
Said plateau. The 1984 Landsat TM image (path 178/row
40) shows that the agricultural areas are larger than their
counterparts in the Farafra Oasis, and the fields are also spa-
tially distributed in three separate areas (i.e. the villages of
Al Bawiti, Mandisha and Al Zabu). The fields are located
in the periphery of playa surfaces which are partially oc-
cupied by water bodies and wet sabkhas (i.e. saline soil).
The satellite images of 1989, 2003 and 2011 show that a
considerable area to the south-eastern area of Al Gunnah
playa in the Farafra Oasis has been cultivated. Field inves-
tigation showed that several irrigation and drainage chan-
nels have been developed through these parcels and the main
irrigation method is bordering; the field is subdivided into

 609 
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Fig 5: The SRTM DEM and the automatically extracted drainage networks for the 611 

cultivated catchments within the  study area. 612 

 613 

 614 

Fig. 5. The SRTM DEM and the automatically extracted drainage
networks for the cultivated catchments within the study area.

smaller levelled parcels being separated by low raised lev-
ees. Extensive tracts of uncultivated soils are waterlogged
and have supported the growth of diagnostic species of saline
soils. Moreover, certain parcels in the cultivated strips were
also abandoned and are indicated by saturated soils and the
growth of saline species (Fig. 3). Concurrently, the satellite
images for the Baharia Oasis showed the significant increase
of agricultural areas, but the water ponds occupying the main
playa near Al Bawiti have notably expanded over large sur-
face areas and several fields in their surroundings have been
submerged (Fig. 4).

The interpretation of satellite images and field observa-
tions showed that the cultivation of large areas in closed
drainage basins has developed extensive tracts of waterlog-
ging and water ponds on the low playa surfaces. Most of the
waterlogged areas are distributed in a unique pattern resem-
bling channels of drainage basins. Although most of drainage
networks of the Farafra and Baharia depressions (which were
formed during the Quaternary wet pluvial) are of poor sur-
face expression due to the prevailing aridity, and they are now
buried by sand sheets. The automatically extracted drainage
networks from the DEM are in coincidence with the extent
of seepage and waterlogging pattern within the new culti-
vated fields in the Farfara Oasis. This correspondence indi-
cates that the SRTM is suitable to delineate the poorly ex-
pressed drainage networks of the desert areas. Additionally,
it implies the significance of selecting optimum locations for
agricultural development. These shallow alluvial channels
remained dry and inactive for long periods, until they revived
hydrological activates by the irrigation of fields developed on
its soil and surroundings. The channels are being saturated

www.hydrol-earth-syst-sci.net/17/1493/2013/ Hydrol. Earth Syst. Sci., 17, 1493–1501, 2013
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Fig 6:  Map shows the main landforms  delineated from the satellite images and DEM for 616 

the Farafra Oasis. These units were checked for accuracy in the field.  617 
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 619 

Fig. 6. Map shows the main landforms delineated from the satellite
images and DEM for the Farafra Oasis. These units were checked
for accuracy in the field.

with excess irrigation water, which seeps through the sub-
surface soil layers and gradually encroaches the downstream
areas (Fig. 7). The movement of seepage water downstream
along these courses has resulted in the accumulation of sur-
face ponds, particularly in the cultivated low areas located
in the course of these saturated channels. In 1989, the to-
tal cultivated area in the Farafra depression was approxi-
mately 143 km2, and it increased to 190 km2 in 2011. Dur-
ing the same period, the waterlogged and pond areas have
increased from approximately 22.7 km2 to 36.1 km2. On the
other hand, the total cultivated area in the Baharia depres-
sion is much smaller than their counterparts in the Farafra
depression (in 1984 only 40.9 km2 were cultivated, and in-
creased to 95.5 km2 in 2011). But the resulting waterlogging
and land degradation is more pronounced, as the playas near
Al Bawiti are almost covered by water ponds and several sur-
rounding cultivated areas have been totally submerged. The
areas of water ponds have increased from 0.3 to 4.7 km2 dur-
ing the period from 1984 to 2011. Indeed, the accuracy of
these measurements is affected by the spatial resolution of
the Landsat satellite images and the quality of discrimination
of different land covers.

The current study shows that the interaction of regional
physiographic settings of soil, hydrological settings and ge-
omorphology of the cultivated areas in the dryland were not
fully understood. The agricultural fields in the Saharan oases
are mainly developed on the floors of depressions, mudflats,
and outwash plains (Table 1). Most of the soils in these land-
forms are usually shallow (less than 0.5 m deep). These shal-
low soils are Lithic Torrifluvents, Lithic Torriorthents, and

 620 
Fig 7: The extent of cultivations and waterlogging areas in the Farafra Oasis.  621 
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Fig. 7. The extent of cultivations and waterlogging areas in the
Farafra Oasis.

Lithic Torripsamments. On the other hand, deep soils (from
1.5 to 1.7 m) are mainly represented by Vertic Torrifluvents
and Typic Torrifluvents soils and occupied by the ‘old’ cul-
tivation. The calcium carbonate content is very high, partic-
ularly in the Typic Haplocalcids soils. This implies that cal-
cic horizons in these soils can develop subsurface hardpan,
which supports the rapid development of waterlogging haz-
ards. Sets of open ditches were constructed in the cultivated
areas to control the developed waterlogging. The construc-
tion of spaced, parallel open drainage channels to combat
waterlogging is a widely used technique in the Nile Delta and
Valley, but the adoption of this technique in the Farafra de-
pression seems to be ineffective. The designed open-drainage
channels are locally intersecting with the waterlogged buried
channels, but considerable areas still affected by waterlog-
ging particularly those associated with the neglected buried
channels. Alternatively, the main natural drainage channels
themselves must be considered and used to collect the ex-
cess water, which usually moves laterally toward channels as
through flow.

5 Discussion and conclusions

The agricultural megaprojects taking place within the de-
pressions of the Western Desert of Egypt have neglected the
impact of defunct-fluvial channels and the catchment geo-
morphological parameters on land degradation. The cultiva-
tion of considerable areas within the dryland closed drainage
basins have developed widespread waterlogging particularly
in the areas underlain by shallow soil and buried fluvial chan-
nels. The planning for the Saharan new projects appears
not to be preceded by sufficient multi-disciplinary integrated

Hydrol. Earth Syst. Sci., 17, 1493–1501, 2013 www.hydrol-earth-syst-sci.net/17/1493/2013/
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Table 1.The main landforms and their associated soil classes in the Farafra depression.

Landform Area (km2) Land use
Soil order

Soil set
Entisol Area (%) Aridisol Area (%)

Depressions 474.29 Barren
Lithic Torriorthents 21.86

Typic Haplosalids 61.09 ComplexLithic Torripsamments 17.05

Foot slopes 1135.71 Barren
Lithic Torrifluvents 23.42

Typic Haplosalids 13.98 ComplexLithic Torriorthents 36.98
Vertic Torrifluvents 25.62

Mud flats 223.07 Cultivated
Typic Torriothents 40.68

—- —- ComplexTypic Torripsamments 17.85
Vertic Torrifluvents 41.47

Outwash plains 1843.08 Cultivated Typic Torriothents 100 — — Consociation

Peneplain 1345.795 Barren
Lithic Torriorthents 83.97

— — ConsociationVertic Torrifluvents 16.03

Playas 591.68 Cultivated

Lithic Torrifluvents 7.14 Typic Haplocalcids 15.54

Complex

Lithic Torriorthents 28.91 Typic Haplosalids 8.21
Lithic Torripsamments 2.92
Typic Torrifluvents 16.05
Typic Torriothents 1.25
Vertic Torrifluvents 19.98

Sabkhas 71.90 Barren — — Typic Haplosalids 100 Consociation

Sand sheets 1860.86 Barren Typic Torripsamments 100 — — Consociation

Wetlands 29.50 Barren
— — Typic Haplosalids 16.59

Consociation— — Aquic Haplosalids 12.91

Sand dunes 2337.94 Barren — — — — —

Plateau 1149.5 Barren — — — — —

Rock outcrops 183.95 Barren — — — — —

research on soil physiographic, catchment hydrology and
their role on adopting certain irrigation and discharge strate-
gies (e.g. Wichelns, 1999). It is of utmost importance to
consider the context of catchment hydrological processes in
planning for new cultivation projects in the Saharan soil.
However, the fluvial and hydrological processes of these
catchments have been inactive for a prolonged period under
prevailing aridity. The irrigation of such soil has re-activated
the hydrological processes within these defunct channels.

The mapping of soils units and their relation to the flu-
vial channels is also necessary to better manage the water-
logging problems particularly in closed drainage basins. For
example, the lithic soils are highly susceptible to waterlog-
ging in low lying landforms (e.g. playas) than the ones de-
veloped on higher elevation such as foot slope. Within each
catchment only certain areas should be cultivated, the fluvial
channels should be utilised for agriculture drainage, which
must be conveyed into local non-developed playas. The sys-
tem of reserving certain areas within the agricultural fields
for seepage and collection of drainage water is known as the

“dry-drainage” concept (Konukcu et al., 2006). This system
is suitable to be implemented in the Saharan areas. The pro-
portion of cultivated lands within each catchment, the irriga-
tion water requirements and methods, and evaporation from
drainage ponds should be balanced, to prevent waterlogging.
This system proved significance in controlling waterlogging
in Indus basin in Pakistan, and in rice-growing areas of West
Africa (Konukco et al., 2006). Recently, the “bio-drainage”
approach has also widely been used to combat waterlogging,
particularly in dryland areas. Certain plant species are ca-
pable of lowering the rising ground water tables and can
be adopted as an alternative and cheaper strategy to control
salinity (Zhao et al., 2004). The increasing expansion in agri-
cultural areas and the developed widespread waterlogging
require time-effective and reliable remote sensing monitor-
ing and observation, essentially to record changes and to an-
ticipate further degradation. Remote sensing data have been
used as a rapid and efficient tool to monitor, assess and evalu-
ate the progress of different land use and land cover changes
(e.g. Palmer and Van Rooyen, 1998; Shalaby and Tateishi,
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2007). Thus, proper and timely decisions can be made to
modify the management practices or undertake remedial ac-
tions that are most appropriate (Masoud and Koike, 2006).
The use of advanced techniques for irrigation (i.e. dripping
and sprinkling) as can maximize the benefit of saving lim-
ited water resources and reduce the development of harmful
waterlogging.

In conclusion waterlogging is the major threat facing the
development of the Saharan areas. Extensive waterlogging
hazard has occurred as the geomorphologic setting was not
considered when developing new agricultural areas. The
playas and buried channels of closed drainage basins are
the most vulnerable areas for waterlogging, particularly
when the soil of higher surrounding areas is cultivated.
It is recommended that the management strategies for
waterlogging should consider the natural existing drainage
system when planning for the distribution of farmlands to
minimise the need for artificial drainage to control subse-
quent waterlogging. The value of remote sensing, and DEMs
of different sources and resolutions is highly appreciated
in the dryland environments; as the essential topographic
data, field observations and in situ collected data are very
limited. The integration of these multi-source data and
their interpretation can enable us to better understand the
complex processes of land degradation, thus improving the
management of limited water and soil resources with the
fragile dryland.

Edited by: B. Su

References

Abdel-Dayem, S., Abdel-Gawad, S., and Fahmy, H.: Drainage in
Egypt: a story of determination, continuity, and success, Irrig.
Drain., 56, 101–111, 2007.

ASRT: Soil Map of Egypt, Final report, Academy of Scientific Re-
search and Technology (ASRT) Cairo, Egypt, 1982.

Awad, M. A.: Application of Stable Isotopes (18O, D) and Geo-
chemistry to Study Groundwater in Bahareya Oasis, Western
Desert, Egypt, Isot. Environ. Healt. S., 32, 87–95, 1996.

Blumberg, D. G., Neta, T., Margalit, N., Lazar, M., and Freilikher,
V.: Mapping exposed and buried drainage systems using remote
sensing in the Negev Desert, Israel, Geomorphology, 61, 239–
250, 2004.

Bradd, J. M., Milnehome, W. A., and Gates, G.: Overview of factors
leading to dryland salinity and its potential hazard in New South
Wales, Australia, Hydrogeol. J., 5, 51–67, 1997.

Burrough, P. A. and McDonnell, R. A.: Principles of geographic
information systems, 2nd Edn., Oxford University Press, Oxford,
346 pp., 1998.

Chorowicz, J., Ichoku, C., Riazanoff, S., Kim, Y., and Cervelle, B.:
A combined algorithm for automated drainage network extrac-
tion, Water Resour. Res., 28, 1293–1032, 1992.

Dabous, A. A. and Osmond, J. K.: Uranium isotopic study of arte-
sian and pluvial contributions to the Nubian Aquifer, Western
Desert, Egypt, J. Hydrol., 243, 242–253, 2001.

Desmet, P. J. J. and Govers, G.: Comparison of routing algorithms
for digital elevation models and their implication for predicting

ephemeral gullies, Int. J. Geogr. Inf. Syst., 10, 311–331, 1996.
Dobos, E., Norman, B., Bruee, W., Luca, M., Chris, J., and Erika,

M.: “The Use of DEM and Satellite Images for Regional Scale
Soil Database” 17th World Congress of Soil Science (WCSS),
14–21 August 2002, Bangkok, Thailand, 2002.

El-Azabi, M. H. and El-Araby, A.: Depositional cycles: an ap-
proach to the sequence stratigraphy of the Dakhla Formation,
west Dakhla-Farafra stretch, Western Desert, Egypt, J. Afr. Earth
Sci., 30, 971–996, 2000.

El Bastawesy, M.: Influence of DEM source and resolution on the
hydrographical simulation of wadi keed catchment, Sinia, Egypt,
The Egyptian Journal of Remote Sensing and Space Science, 10,
53–62, 2007.

El Bastawesy, M., Khalaf, F. I., and Arafat, S. M.: The use of remote
sensing and GIS for the estimation of water loss from Tushka
lakes, southwestern desert, Egypt, J. Afr. Earth Sci., 52, 73–80,
2008a.

El Bastawesy, M., Ali, R. R., and Nasr, A. H.: The use of remote
sensing and GIS for catchment delineation in northwestern coast
of Egypt: an assessment of water resources and soil potential,
Egyptian Journal of Remote Sensing and Space Sciences, 7, 3–
16, 2008b.

El Bastawesy, M., White, K., and Nasr, A.: Integration of remote
sensing and GIS for modeling flash floods in Wadi Hudain catch-
ment, Egypt, Hydrol. Process., 23, 1359–1368, 2009.

Embabi, N. S.: The geomorphology of Egypt: landforms and evolu-
tion, Vol. 1, The Nile Valley and the Western Desert, The Egyp-
tian Geographical Society, Cairo, 447 pp., 2004.

George, R., McFarlane, D., and Nulsen, B.: Salinity threatens the
viability of agriculture and ecosystems in Western Australia, Hy-
drogeol. J., 5, 1–16, 1997.

Ghoneim, E. and El-Baz, F.: The application of radar topographic
data to mapping of a mega-palaeodrainage in the Eastern Sahara,
J. Arid Environ., 69, 658–675, 2007.

Hassan, F. A., Barich, B., Mahmoud, M., and Hemdan, M. A.:
Holocene Playa Deposits of Farafra Oasis, Egypt, and Their
Palaeoclimatic and Geoarchaeological Significance, Geoarhae-
ology, 16, 29–46, 2000.

Haynes, C. V.: Geochronology and climate change of the
Pleistocene–Holocene transition in the Darb el Arba0in Desert,
Eastern Sahara, Geoarchaeology, 16, 119–141, 2001.

Houk, E., Frasier, M., and Schuck, E.: The agricultural impacts of
irrigation induced waterlogging and soil salinity in the Arkansas
Basin, Agr. Water Manage., 85, 175–183, 2006.

Idris, H. and Nour, S.: Present groundwater status in Egypt and The
environmental impacts, Environ. Geol. Water Sci., 16, 171–177,
1990.

Jenson, S. K. and Dominique, J. O.: Extracting topographic struc-
ture from digital elevation data for geographical information sys-
tem analysis, Photogrametric Eng. Remote Sensing, 54, 1593–
1600, 1988.

Jones, R. and Marshall, G.: Land salinisation, waterlogging and the
agricultural benefits of a surface drainage scheme in Benerembah
irrigation district, Review of Marketing and Agricultural Eco-
nomics, 60, 173–189, 1992.

Khouri, J.: Sustainable Development and Management of Water Re-
sources in the Arab Region, Dev. Water Sci., 50, 199–220, 2003.

Konukcu, F., Gowing, J. W., and Rose, D. A.: Dry drainage: a
sustainable solution to waterlogging and salinity problems in

Hydrol. Earth Syst. Sci., 17, 1493–1501, 2013 www.hydrol-earth-syst-sci.net/17/1493/2013/



M. El Bastawesy et al.: Assessment of waterlogging 1501

irrigation areas?, Agr. Water Manage. 83, 1–12, 2006.
Mark, D. M.: Automatic detection of drainage networks from digital

elevation models, Cartographica, 21, 168–178, 1984.
Masoud, A. A. and Koike, K.: Arid land salinization detected by

remotely-sensed landcover changes: A case study in the Siwa
region, NW Egypt, J. Arid Environ., 66, 151–167, 2006.

McCauley, J. F., Schaber, G. G., Breed, C. S., Grolier, M. J., Haynes,
C. V., Issawi, B., Elachi, C., and Blom, R.: Subsurface val-
leys and geoarcheology of the eastern Sahara revealed by shuttle
radar, Science, 218, 1004–1019, 1982.

Moore, L. J.: Shoreline mapping techniques, J. Coastal Res., 16,
111–124, 2000.

Nicoll, K.: Recent environmental change andprehistoric human ac-
tivity in Egypt andNorthern Sudan, Quaternary Sci. Rev., 23,
561–580, 2004.

Pachur, H. J. and Hoelzmann, P.: Late Quaternary palaeoecology
and palaeoclimates of the eastern Sahara, J. Afr. Earth Sci., 30,
929–939, 2000.

Paillou, P., Schuster, M., Tooth, S., Farr, T., Rosenqvist, A., Lopez,
S., and Malezieux, J. M.: Mapping of a major paleodrainage sys-
tem in eastern Libya using orbital imaging radar: The Kufrah
River, Earth Planet. Sci. Lett., 277, 327–333, 2009.

Palmer, A. R. and Van Rooyen, A. F.: Detecting vegetation change
in the southern Kalahari using Landsat TM data, J. Arid Environ.,
39, 143–153, 1998.

Quinn, P., Beven, K., Chevallier, P., and Planchon, O.: The predic-
tion of hillslope flow paths for distributed hydrological modelling
using digital terrain models, Hydrolog. Process., 5, 59–79, 1991.

Shalaby, A. and Tateishi, R.: Remote sensing and GIS for mapping
and monitoring land cover and land-use changes in the North-
western coastal zone of Egypt, Appl. Geogr., 27, 28–41, 2007.

Thorweihe, U.: Nubian aquifer system, in: Geology of Egypt, edited
by: Said, R., Balkema, Rotterdam, Chapter 28, 601–611, 1990.

Tribe, A.: Automated recognition of valley heads from digital ele-
vation models, Earth Surf. Proc. Land., 16, 33–49, 1991.

USDA: “Keys to Soil Taxonomy” United State Department of Agri-
culture, Natural Resources Conservation Service (NRCS), 11th
Edn., 2010.

Wichelns, D.: Economic efficiency and irrigation water policy with
an example from Egypt, Water Resour. Develop., 15, 543–560,
1999.

Wildman, W. E.: Detection and management of soil, irrigation and
drainage problems, in: Remote Sensing for Resource Manage-
ment, edited by: Johannsen, C. J. and Sanders, J. L., Soil Conser.
Soc. Am., 387–401, 1982.

Williamson, D. R.: Land degradation processes and water qual-
ity effects, waterlogging and salinity, in: Farming Action–
Catchment Reaction, edited by: Williams, J., Hook, R. A., and
Gascoigne, H. L., The effect of Dry-land Farming on the Natural
Environment, CSIRO Publishing, Collingwood, Victoria, 162–
190, 1998.

Wolock, D. M., and McCabe, G. J.: Comparison of single and multi-
ple flow direction algorithms for computing topographic param-
eters in TOPMODEL, Water Resour. Res., 31, 1315–1324, 1995.

Zhang, W. and Montgomery, D. R.: Digital elevation model grid
size, landscape representation, and hydrological simulations,
Water Resour. Res., 30, 1019–1028, 1994.

Zhao, C., Wang, Y., Song, Y., and Li, B.: Biological drainage char-
acteristics of alakalized desert soils in north-western China, J.
Arid Environ., 56, 1–9, 2004.

www.hydrol-earth-syst-sci.net/17/1493/2013/ Hydrol. Earth Syst. Sci., 17, 1493–1501, 2013


