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Abstract: Digital elevation models (DEMs) are the cornerstone for hydrological and geomorpho-
logical modeling. Herein, two Nile-tributary catchments (Wadi Al Rishrash and Wadi Atfeh) in
Egypt are selected to examine the contribution of different DEMs to the accuracy of hydrologi-
cal and geomorphological analyses in the hyper-arid Sahara. DEMs sources include: Advanced
Land Observing Satellite-1 (ALOS) Phased Array type L-band Synthetic Aperture Radar (PALSAR)
(12.5 m resolution), ALOS World 3D with 30 m resolution (AW3D30), Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER DEM with 30 m resolution) and the Shuttle Radar
Topography Mission (SRTM with 30 and 90 m resolution), in addition to topographic map-derived
DEM (90 m resolution). Using a hypothetical uniformly-distributed 10 mm rainfall event, the es-
timated parameters, including: flow duration, time to peak and peak discharge rates, are almost
similar for the different DEMs and thus technical aspects related to sources and resolutions of the
datasets impose insignificant control on quantitative flash-flood analyses. Conversely, variations in
geological and geomorphological characteristics of the catchments show more significant control on
the hydrograph magnitudes as indicated by the different parameters of the two catchments. These
findings indicate that understanding the geological and hydrological evolution of the catchment is
essential for integrated management strategies of floods especially in the Saharan–Arabian deserts
and in similar conditions of hyper-aridity and scarce in situ data worldwide.

Keywords: DEM; Eastern Desert of Egypt; data sources; flash floods; geomorphology

1. Introduction

Dryland hydrological modelling usually incorporates multiple data sources, pro-
cessing algorithms and field measurements to estimate quantitative parameters, which
are being determined according to the identified sets of objectives. Overall, the depth
distributions and patterns of flash floods currently receive a great deal of attention, due
to the notable increase in the frequency and magnitude of flash-flood events, and the
developed negative socio-economic consequences [1–3]. Therefore, the efficiency of flash-
flood management strategies are dominated to large extents by the quality of available
data, field measurements and verifications [4]. Traditionally, topographic maps have been
used for decades as the primary source to derive hydrographic and hydrologic elements.
Issues related to availability, scale and data consistency are among the main problems that
delimit the capabilities of traditional topographic maps in the hydrological modelling [5,6].
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Recently, the digital elevation models (DEMs) are increasingly used in hydrological mod-
eling and in water resources management studies [7–9]. Various sets of quantitative and
spatially-distributed parameters can be automatically derived with high accuracy using
different software and algorithms [4,10–15]. DEMs can be generated from different sources,
including conventional ground survey, topographic maps, stereo-photos or satellite images,
radar interferometry, and laser scanning [16–19].

The recent developments in remote sensing and Geographic information system (GIS)
have positively reflected on the availability and resolution of DEMs. The Shuttle Radar To-
pography Mission (SRTM), and the Advanced Spaceborne Thermal Emission and Reflection
Radiometer Global Digital Elevation Model (ASTER GDEM), Advanced Land Observing
Satellite-1 (ALOS) Phased Array type L-band Synthetic Aperture Radar (PALSAR) and
ALOS World 3D-30 m (AW3D30) are examples of the near-global coverage of DEMs that are
widely being used in hydrological modelling studies. The consistency of data acquisition
and the free access of remote sensing-DEMs are among the key advantages that promoted
their widespread use in the hydrological and geomorphological modelling [20,21]. How-
ever, these remote sensing-DEMs may encompass numerous artefacts that can limit their
proper implementation. For example, SRTM data may contain numerous voids (regions
with no data) and other spurious cells (spikes or sinks), therefore editing is required before
using them. Moreover, coastlines and sandy plains are typically not well detected in the
SRTM, due to its low dielectric constant, surface roughness and consequently the low radar
backscattering [22].

Basically, the estimated flow parameters are crucial for flash-flood analyses and the
mitigation measures depend mainly on these calculations. Absence or limited availability
of in situ measurements and observations remain the key challenge for hydrological
modelling in hyper-arid environments. Therefore, the plethora of used models and results
obtained in most of the hyper-arid catchments are typically associated with great deal of
uncertainty [4]. However, remote sensing data can be used to provide essential data for
flash-flood modelling including the active channel pathways, extent, width, recurrence and
mapping of induced changes. Combining field surveys with the estimated parameters of
the active channels can be used to calculate the peak discharge rates at given cross-sectional
areas. Indeed, the peak discharge rates are among the most significant parameters in flash-
flood analyses. It is important to ensure the capacity of conveying channels, culverts and
bridges to contain these peak flow rates, thus the inhabited areas, networks and structures
remain safe [23,24].

The variations in the acquisition time of satellite data that are typically utilized to
generate the DEMs can be problematic in hydrological and topographic analyses [25]. The
land use and land cover changes over time can significantly modulate the landscape and
therefore change the ground elevation in certain areas and thus affect the flow directions
and inundation areas [4,26,27]. Examples of these changes include; the construction of
asphalt roads, urban sprawls over agricultural and rural land, the removal of forest lands
and mining and industrial activities. Moreover, the different spatial resolution of the
generated DEMs from different sources (e.g., SRTM: pixel size of 30 and 90 m; ASTER
DEM: pixel size of 30 m; ALOS PALSAR DEM: pixel size of 12.5 m) and the fact that DEM
pixel averages the ground elevations within the pixel [28] necessitate the examination of
the sensitivity of the quantitative estimates of hydrological and flash floods parameters
from different DEMs as well as assessing the impact of land use/land cover changes on
these parameters [26,29–33].
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The Nile Valley in Egypt is among the heavily populated and occupied areas in the
dryland regimes, it occasionally receives severe flash floods from the tributary wadis,
which drain the fringing plateaus in the Eastern and Western Deserts [4,27]. Therefore,
the integrated management strategies for flash floods are of societal and environmental
importance, as the discharge of flash floods and associated sediment load (i.e., turbidity)
into the Nile River could usually disrupt potable water supplies for short periods. Thus,
the critical storage of flash floods into the alluvial channels will not only reduce sediment
load into the Nile course, but also will enhance the recharge of the fragile groundwater
aquifer of these wadis.

This paper aims to examine the hydrological and environmental aspects of flash floods
delivered to the northern sector of the Nile Valley in Egypt from two main watersheds,
namely Al Rishrash and Atfeh catchments under conditions of hyper-aridity and scarce in
situ data. To achieve this objective, the study will: (1) analyze the land use in the context
of the geomorphological and geological settings using satellite observations (i.e., Landsat
images), thus the vulnerability to flash flooding can be determined, (2) investigate the
morphometry of drainage basins and identify the existing flash-flood measures, (3) estimate
the flash-flood parameters using spatially distributed unit hydrographs given various sets
of available DEM sources, thus the sensitivity of quantitative analyses to these different
data sources can be examined, and (4) propose recommendations for an optimum strategy
for flash-flood mitigation measures based on the contemporary setting of anthropogenic
activities, in order to minimize the negative impacts and to increase benefits from these
occasional hydrological resources.

2. Study Area

The development of the Nile River in Egypt has been controlled by the Red Sea rifting
during the Oligo–Miocene, where the initiated rift-related graben between the Eastern
and the Western Deserts accommodated the Nile floodplain [9,34–36]. Consequently, the
elevated Eocene limestone plateau in the north Eastern Desert of Egypt has been incised by
numerous wadis that drain this plateau into the Nile River [8]. The Nile Valley between
the Beni Suef Governorate and the Greater Cairo (i.e., the study area; Figure 1) is one of the
key heavily populated areas in Egypt. The availability of land parcels suitable for urban
growth has become very limited. As a result, the alluvial plains and nearby foot slopes
of the eastern limestone plateau has been targeted for different anthropogenic activities.
The development of the Nile River through sets of distinctive phases of evolution (i.e., the
Paleonile, the Protonile, and the Prenile) as well as the water discharge from catchments
draining the surrounding plateau has contributed to the accumulation of groundwater,
fertile soil and building raw materials. The catchments of Wadi Al Rishrash and Atfeh drain
approximately 618 km2 and 428 km2 of the plateau and ends into the Nile River at cities of
El Wadiy and Atfeh respectively (Figure 1). New agricultural areas have been reclaimed on
the expense of the fertile soil of the Prenile and the Paleonile. Most of the new cultivations
are being irrigated from the Nile via sets of pumping stations and networks of pipes and
canals. Due to the proximity of the study area to Greater Cairo and its nearby new urban
communities, the quarrying of raw materials (i.e., sand, aggregates, and clays) has become
one of the main activities. The extraction of these raw materials has created significant
changes in the landscape, where large man-made depressions and dump sites are now
dotting the area [4]. Most of these depressions are filled with waste water that could
negatively affect the surrounding anthropogenic activities as well as the environment.
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sions of carbonate and argillaceous rock units (i.e., Kom El Shelol and Rayan Formations) 
constitute the oldest rock units exposed in the plateau area [37]. Incursion of the Tethys 
into the Nile graben during the marine transgression of the Pliocene has deposited the 
clays of Kom El Shelol as well as other undifferentiated clay and sand deposits. The Nile 
has developed sets of distinctive units of alluvium during its Quaternary evolution (i.e., 
Nile silt and wadi deposit), depending on the source areas for weathering in the Nile 
catchments. Geomorphologically, the plateau area has been dissected by several wadis 
that debouch into the Nile River (Figure 3). Some of these wadis are characterized by the 
development of hanging valleys, kinks and dry waterfalls in their upper reaches. These 
abrupt changes in gradients indicate the significant impact of base level changes and flu-
vial incision on the studied catchments. Consequently, the wadi courses in the alluvial 
plains have well-defined trunks rather than braiding patterns. However, quarrying activ-
ities and land reclamation has encroached the alluvial plain, thus the flow directions are 
no longer contained in well-defined paths. Therefore, the vulnerability for flash flooding 
in the reclaimed alluvial plains, as well as the Nile flood plain, has to be determined. 
Quantitative and comparative assessment of the flash-flood parameters are discussed in 
the following sections. 

Figure 1. Location map of the study area, showing the location of the Wadi Al Rishrash and
Wadi Atfeh catchments and their major stream networks superimposed on a Landsat 8 false color
composite image.

Geologically, the study area is a part of the Maaza carbonate plateau and is underlain
by sedimentary rock units that range from the Eocene to the Holocene (Figure 2). Succes-
sions of carbonate and argillaceous rock units (i.e., Kom El Shelol and Rayan Formations)
constitute the oldest rock units exposed in the plateau area [37]. Incursion of the Tethys
into the Nile graben during the marine transgression of the Pliocene has deposited the
clays of Kom El Shelol as well as other undifferentiated clay and sand deposits. The Nile
has developed sets of distinctive units of alluvium during its Quaternary evolution (i.e.,
Nile silt and wadi deposit), depending on the source areas for weathering in the Nile
catchments. Geomorphologically, the plateau area has been dissected by several wadis
that debouch into the Nile River (Figure 3). Some of these wadis are characterized by the
development of hanging valleys, kinks and dry waterfalls in their upper reaches. These
abrupt changes in gradients indicate the significant impact of base level changes and fluvial
incision on the studied catchments. Consequently, the wadi courses in the alluvial plains
have well-defined trunks rather than braiding patterns. However, quarrying activities
and land reclamation has encroached the alluvial plain, thus the flow directions are no
longer contained in well-defined paths. Therefore, the vulnerability for flash flooding
in the reclaimed alluvial plains, as well as the Nile flood plain, has to be determined.
Quantitative and comparative assessment of the flash-flood parameters are discussed in
the following sections.
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Figure 3. Geomorphological map of the Wadi Al Rishrash and Wadi Atfeh catchments showing the
major landforms in the study area.

3. Materials and Methods
3.1. Data Used

The hydrological analyses of the drainage basins in the study area required the
preparation and processing of different sets of DEMs (Figure 4), optical and radar remote
sensing data and field observations. The DEM data sets include (1) topographic maps
with a scale of 1:50,000 surveyed and mapped in 1988, which have been digitized and
processed to produce a DEM with 30 and 90 m pixel size (i.e., spatial resolution). (2) SRTM
DEM (acquired in 2000) with 30 and 90 m resolution. (3) ASTER DEM (produced) with
30 m resolution. (4) AlOS PALSAR DEM (produced in 2006) with 12.5 m resolution. The
satellite images include Landsat TM and Landsat 8 OLI (with 30 m resolution) (path 176;
row 40) in order to detect the active channel pathways and imprints of flash floods as well
as to map the land use and landcover changes and their relevance for the hydrological
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analyses. The field observations were taken shortly after the flash-flood event of March
2020 in order to verify the hydrological imprints and interpretation from the Landsat 8
acquired on April, 2020.
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Figure 4. Examples of different DEMs sources used in hydrological analysis of Wadi Al Rishrash
and Wadi Atfeh catchments including (a): ALOS DEM (12.5 m resolution), (b): ALOS DEM (30 m
resolution), (c): ASTER DEM (30 m resolution), (d): SRTM DEM (30 m resolution), (e): SRTM DEM
(90 m resolution) and (f): topographic map-derived DEM (90 m resolution).

3.2. Estimation of the Hydrographs

ArcHydro is a GIS toolbox for hydrographic analysis, which provides the basis for
hydrological data modelling [39]. The different datasets and layers have been co-registered
and projected into WGS UTM zone 36, datum 1984. Each of these DEMs has been processed
following the standard steps in ArcGIS 10.3 software in order to compute the GIS-spatially
distributed unit hydrograph for the two catchments from a uniform storm with an effective
rainfall depth of 10 mm. This value represents the minimum streamflow initiation threshold
in the Sahara as determined from field measurements and was widely used for flash-flood
assessment in desert environments [23]. This hypothetical uniform rainstorm event was
preferably selected over using historical records of rainfall events in the Eastern desert
of Egypt due to the absence of continuous gauges in these desert watersheds and the
extreme variability of the rainfall events in time and space [23,40]. In order to compute the
hydrographs, several steps are involved in a GIS environment that include the subdivision
of catchments into cascading zones and estimation of the effective discharge of each zone
on time graphs.

The specific steps are as follow: (1) the DEMs were “filled” to raise the elevation
levels of error-sink holes (i.e., depressions) to their neighboring elevations of surrounding
pixels to ensure the flow transmission to the catchments outlets [10]. These error- sink
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holes can result from data acquisition and/or processing of the elevation grids, and can
be distinguished from existing natural or artificial depressions in the landscape from
the landuse/landcover maps and satellite images, (2)the flow direction maps have been
computed from the “filled” DEMs in order to derive the direction (i.e., aspect) and gradient
of the flow from each cell into its neighboring ones guided by the D-8 algorithm [41],
(3) the ”flow accumulation” was calculated from the “ flow direction”, thus the spatially
distributed upstream flow contributing areas for both of the catchments and the drainage
networks can be given at any cell [42]. A threshold of 1.2 km2 for the flow accumulation was
selected to represent the minimum up flow contributing areas to initiate a drainage line. Of
course this threshold area will equate different numbers of cells given the resolution of used
DEMs, (4) the “flow length” for each catchment was computed using the flow directions
and accumulations in order to estimate the total length of overland flow and channel
flow from any location (cell) in the catchments to the final outlet, (5) the spatial analyses
functionalities were used to compute the “time of flow map” based on the application
of open channel flow equations (e.g., the Manning equation), which incorporates the
gradient, the roughness as a function of lithology of the hillslopes and the channel fills,
and the channel geometry (i.e., cross sectional area). The average channel flow velocity
was estimated as 2 m/sec. This value is consistent with in-situ measurements of recently
occurred flash-flood over the Maaza plateau, nearby the study site [4]. Moreover, the
uniform lithology of the hillslopes, which is mainly composed of limestones (Figure
2), makes it feasible to apply a constant channel flow velocity for the entire spatially
distributed flow lengths, (6) then, the “time-area zones” have been obtained (Figure 5)
from the clustering (i.e., reclassification) of the “time of flow map” in order to subdivide
the catchments into sets of cascading and consecutive zones (areas in square kilometers),
each will deliver the resulting channel flows to the outlet at specific time (in hours), and (7)
finally, the hydrographs have been calculated from the time- area zones and the application
of a 10 mm rainfall event over the catchments. The resulting hydrographs are expected to
vary according to the temporal and spatial changes in the storm, where the magnitudes
and discharges from the different sub-catchment will occur.
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4. Results

In this section, the qualitative and quantitative analyses of the topographic, hydrologic
parameters from the different sets of DEMs and remote sensing data are given as follows:

4.1. Topographic Analyses

Elevation ranges of the study area are approximately similar on the various sets of
DEMs, with minor changes in the pattern and extent of the low-laying areas in the outlets
of drainage basins, which are occupied by the alluvial and Nile-flood plain. The main
advantage of creating a DEM from the topographic maps surveyed several decades ago (i.e.,
1988), is the ability to reveal the landform setting in the alluvial plains, which are currently
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reclaimed and encroached as appeared on the recent satellite images. Furthermore, the
portrayed relief of wadis downstream and alluvial plains are more informative compared
with the other datasets, because the incorporation of the drainage lines in the interpola-
tion processes imposes subtle changes in the selected active channels than surrounding
areas. The key advantages of using recently-acquired DEMs from the different remote
sensing optical and radar platforms are their capabilities to keep track on the ever-evolving
man-made structures such as quarry pits, conveying channels and check dams that can
cause accumulation of flash-flood water and alter the flow direction and thus affect the
vulnerability of rural and urban areas to flash flooding [43,44]. The pathway of flash floods
from the Atfeh basin has been controlled by the constructed embankments, which are
elevated compared to the surrounding areas. This artificial embankment clearly appear on
the satellite images from 1994. The relief signature for this man-made conveying channel
has been recognized only on the ASTER DEM of 30 m resolution (Figure 6). The main
advantage of ASTER DEM is the compilation of surface relief from the mosaicking of
stereoscopic images, thus any surface details can be included in the resulting DEM.
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Figure 6. (a) Landsat 8 image of the outlet of Atfeh catchment showing the catchment boundary
from different DEM sources (ASTER DEM in yellow and ALOS DEM in red) as well as the conveying
channel. The relief signature of the man-made conveying channel can be recognized only on the
ASTER DEM of 30 m resolution (b) but not on the ALOS DEM 12.5 m resolution (c). Note that the
automatic extraction of the catchment boundary using ALOS DEM yielded a smaller catchment
compared to the one derived from the ASTER DEM, where the catchment outlet on the former DEM
occur at ~1.5 km away from the Nile River compared to reaching the Nile River on the later (refer to
Figure 4 for a regional overview of the two catchments).

However, the ALOS PALSAR DEM is available at a higher horizontal resolution
(12.5 m) than the ASTER DEM, but this specific elevated feature has not been portrayed.
Similarly, the SRTM data (both 30 and 90 m DEM) has not showed these elevated embank-
ments. The blurred surface expressions of these elevated linear features could be related to
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the technical characteristics of the SRTM and ALOS PALSAR datasets. These DEMS have
been mainly generated from radar images, which are capable of penetrating the shallow
alluvial surface layer. On the other hand, this penetration capability notably improves the
detection of paleo and buried channels in the dryland areas such as the buried rivers in the
Sahara [45].

4.2. Hydrological Analyses and Resulting Hydrographs

The quantitative indices of the two drainage catchments have been estimated from
the hydrographs (Figure 7) and were summarized in Table 1. For example, the time
to peak represents the required time to attain the highest discharge and the total flow
duration indicates the entire length of time required to discharge all the flash-flood out of
the catchment outlet. Inspection of these parameters indicates a high similarity between
the outputs of different DEM sources and are approximately consistent with wadis and
alluvium extent on the satellite images. Moreover, the estimated unit hydrographs from a
10 mm effective rainfall uniformly distributed in one hour over the entire time-area zones
are highly correlated (Figure 7). For example, the unit hydrographs for the Atfeh catchment
ranges in total flow duration from 10 to 12 h and the peak discharge rate vary from 89 m3/s
(SRTM 30 m) to 102 m3/s for the ALOS DEM. The time-to-peak occurs in the fourth hour
in all data sets except in the ASTER 30 m DEM, which produced a peak discharge in the
third hour. The SRTM DEMs appears to produce the modest slope and gradient as the
catchment has been subdivided into large numbers of cascading time-zones.
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Overall, using constant inputs of effective rainfall and fixed routing and losses of
the overland and channel flows, the resulting quantitative changes in flow parameters
from the different sets of DEMs are small and of subtle significance on the magnitudes of
hydrographs. Indeed, changes of the contributing physical parameters of rainfall/runoff
distribution, extent and magnitudes over the catchments are responsible for the huge
changes that characterize the flash-flood flows from one event to another and among the
different catchments.

Table 1. Morphometric parameters of the different drainage catchment.

Location DEM Source Area
(km2)

Total Flow
Discharge

(m3)

Peak of Flow
Discharge

(m3/s)

Total Flow
Duration

(h)
Time to
Peak (h)

Maximum
Flow Lengths

(km)

Total Stream
Lengths

(km)

Al Rishrash
Catchment

SRTM 90 m 617.8 6,472,872 141.9 14 13 101.5 332
SRTM 30 m 658.2 6,935,814 118.7 16 14 109.3 372
ASTER 30 m 624.9 6,585,291 138.1 15 13 103.9 333

ALOS PRISM 30 m
ALOS 12.5 m

Topographic 90 m 685.0 6,847,740 138.4 14 13 99.6 321

Atfeh
Catchment

SRTM 90 m 428.2 4,471,281 95.9 10 4 69.4 263
SRTM 30 m 426.3 4,492,359 92.3 10 4 70.8 291
ASTER 30 m 409.0 4,309,605 86.1 10 6 70.5 257

ALOS PRISM 30 m 426.2 4,262,616 93.2 10 5 70.4 279
ALOS 12.5 m 423.6 4,236,148 102.2 9 5 70.9 276

Topographic 90 m 467.9 4,678,884 96.9 9 5 65.5 249

4.3. The Environmental Impacts of the March 2020 Flash Flood Event

The extent and magnitudes of the flash-flood event of 13 March 2020 were highly
variable among the different drainage basins. This variability sheds light on the importance
of understanding the controlling physical processes and anthropogenic activities on flash
floods, which are needed to alleviate their adverse environmental and societal impacts.
Inspection of multi-temporal Landsat 8 images before and after the March 2020 flash-flood
event in the two catchments (Figures 8 and 9) together with filed observations indicates that:
(1) the alluvial plains, which are liable to occasional flash flooding, have been reclaimed
for agricultural activities, encroached by rural and urban areas, and locally exploited
for quarrying for raw and building materials. (2) The culverts underneath the Eastern
Military Road are of insufficient capacity to discharge the peak flows. Thus, the road at its
intersections with the main wadi is vulnerable to accumulation of runoff and flooding. The
destruction of the road section in Wadi Al Rishrash during the 13th of March event drifted
several vehicles with serious causalities and life losses (Figure 10). (3) The conveying
channels west of the Military road have been breached by overflows during the last flash
floods, thus the agricultural fields has been flooded, and the near-by open pit quarries have
also received considerable amount from the flash flooding (Figures 8 and 9), and (4) the
villages in the Nile Valley have been affected by the flash floods, and Al Dismi has been
severely affected by the flash-flood from Wadi Al Rishrash, where buildings in the wadi
floor were flooded and several houses on the wadi banks collapsed due to erosion of the
bank sediments underneath (Figure 10).
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Figure 10. Field photographs showing the destructive impacts along the intersection of the outlet
of the Wadi Al Rishrash catchment at the Al Dismi village after the flood event of 13 March 2020,
including damage of vehicles (a) drowning of urban centres (b), and damage of trees (c). The location
of the Al Dismi village is highlighted in Figure 1.

5. Discussion

Under the current hyper-arid conditions, the investigated catchments remain dry for
several years and could be liable to flash flooding only during short events of rainy storms
that could generate runoff. Inspection of the multi-temporal Landsat-8 (Figures 8 and
9) shows that wadi floors along the outlet of the investigated catchments have attracted
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people to establish urban and agricultural activities regardless of the high vulnerability to
flash floods. This is mainly related to the lack of social awareness and scientific attention
to better understand the flash-flood hazards and potential risks. The recurrence of severe
storms/flash floods over these catchments during the last decade has revealed the need to
better understand the flash-flood processes and their interaction with the anthropogenic
activities. The insufficiency of adopted mitigation measures to control the hazards of flash
floods have also revealed the drawbacks of estimating the hydrological parameters using
uncalibrated and non-validated hydrological models that fit with the dryland environments.
The previously-employed models in these ungauged catchments [4,23,24] followed the
rational approach in which the catchment parameters are lumped. Therefore, the estimated
hydrographs for different catchments are more or less of same configuration with changes
occur in magnitudes and total time of flows. Again, these models were never tested due to
the absence of gauging measurements and field observations.

The findings from the analysis of different DEMs and Landsat images indicate that the
use of remote sensing and DEMs to model the flash floods are convenient tools to derive
quantitative estimates, which are very difficult or impossible to obtain as the catchments
are ungauged by rainfall and runoff measuring stations. Moreover, the DEMs of different
sources are of comparable quality and results and thus it is not probably a necessary
task to analyze different DEMs to obtain more accurate estimations of the flash-flood
parameters under such conditions of hyper-aridity and scarce rainfall and stream flow
data. Instead, a great deal of attention should be paid to understand the morphological and
geological setting of the different basins to better manage the flash floods. This assumption
is evidenced by the significant changes in the shape of the hydrographs and the different
flash-flood parameters between the two adjacent catchments (e.g., time-to-peak is 14 h in
the Al Rishrash catchment compared to 4 h in Atfeh catchment using the same SRTM of
30 m resolution). The different basin area (Table 1) and probably the different structurally
controlled-slope gradients are the main reason for the significant differences between the
two catchments, however they are covered by the same lithological units.

Regarding the slight differences in extracted flash-flood parameters from different
DEMs, our results are consistent with previous studies carried out in catchments in dif-
ferent areas, where the impact of characteristics of different DEM sources on hydrological
modelling has been widely investigated [46–48]. Variations in the derived surface drainage
networks from different DEMs are mainly related to the quality, source and resolution of
the DEM and to the processing techniques and algorithms employed [49]. There is a general
tendency that the catchments of low-resolution DEM generate higher flow volumes and
peaks when compared with a high resolution DEM for the same catchment [50]. Our results
are also in good consistence with this general tendency however, the quantitative estimates
are very similar regardless of the source and resolution of the used DEMs. The controlling
parameters responsible for changes in the hydrographs magnitudes and configuration can
be attributed to the physical changes in the storm pattern, intensity and distribution as well
as the geologic and geomorphologic setting of the catchments themselves. That is why the
flash floods, even developed in same wadis, are different from one event to another. The
discrepancies in hydrographs of Al Rishrash and Atfeh catchments demonstrate the control
of drainage basin morphometry on the magnitudes and time to peak. The two catchments
are of pear-like shape in their upper parts, but Wadi Al Rishrash is more elongated in the
middle and lower parts than Wadi Atfeh. Therefore, time-to-peak occurs in the middle of
flash floods hydrograph in the former, while it occurs in the beginning of the later (Figure
7). Indeed, the timing factor is very crucial in the management and response to the peak
discharges affecting the rural and urban areas.

Finally, the abundance availability of remote sensing and DEMs can be used to estimate
the flash-flood quantitative parameters, which otherwise are simply not available. The
recent flash floods that hit some of the Eastern Desert catchments clearly indicate the
necessity for better quantitative estimates of the flow parameters to propose scenarios for
mitigation strategies. The issues of safe conveyance of flash floods into the Nile River
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and the storage of flash-flood water into artificial reservoirs in the catchments needs
further investigations. In order to avoid the adverse impacts of the flash floods and the
associated sediment load into the Nile that can induce turbidity that disrupts the potable
water supplies for several days (Figures 8 and 9), it is necessary to select geologically-
suitable sites for dam constructions. These sites should be performed in guidance by
investigations of the subsurface setting using appropriate tools such as the geo-electric
methods to ensure the creation of flash-floods reservoirs in areas that can promote the
recharge of alluvial aquifer. The geo-electric investigations in the study area showed that
extent of the impermeable Pliocene clays in the subsurface are of high variability [4]. The
hydrogeological development of the Nile ancestors during its complex history of evolution
in the Tertiary and Quaternary, and the incisions and down cutting of impermeable layers
occurred by the tributary wadi systems during the low-stands of the Mediterranean could
be the main factors responsible for the variations and extent of the alluvial/Nile aquifer
in the area [4]. It can be concluded that the management of flash floods needs not only
understanding and modelling of the torrential flows and its interaction with the land use,
but also the implementation of geological and hydrological development of the local as
well as the regional settings.

6. Conclusions

The wadis of Al Rishrash and Atfeh draining northern part the Eastern Desert of
Egypt into the Nile River have been affected by sever flash floods. The event of March 2020
showed negative consequences on the rural and agricultural areas, as well as developing
fatalities due to the destruction of roads intersections with main active wadis. The quanti-
tative estimates of flash-flood parameters were carried out using different sets of available
DEMs, satellite images and field observations. The hydrographs were estimated using
the spatially-distributed unit hydrograph approach assuming constant 10 mm effective
rainfall distribution and induced channel runoff due to the absence of in situ data and
measurements. It was found that technical aspects related to sources and resolutions of the
datasets impose insignificant control on the quantitative analyses, where flow durations,
time to peak and peak discharge rates are almost similar when computed from the different
DEM sources. On the contrary, the variations in the geological and geomorphological
settings of the catchments are of more significant control on the hydrograph magnitudes
and flash-flood analyses. Understanding of geologic and hydrologic evolution of the
drainage basins is necessary to propose integrated management strategies for the flash
floods/groundwater recharge to advert the negative socio-economic impact and benefit
from these occasional flows.
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