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Abstract: The Wadi Degla basin is amongst the most important basins in the north-eastern part of the Eastern Desert, east of
Maadi, Cairo, which drains into River Nile. It covers an area of about 177.6 km®. Although it located in an arid region, the basin
could receive a huge amount of rainwater during heavy rainstorms which in turn lead to initiate flash flood hazard and causing
catastrophic effects on existing infrastructure of main gate and tracks of protected area, also threatened visitor's life and
surrounding environments. The present study aims to evaluate of flash flood risk in Wadi Degla and possible mitigation. The
morphometric parameters investigation were carried out using ASTER Digital Elevation Model (DEM), GIS, and geomorphic
field observations. Using a technique given by El-Shamy, the risk degree for the Wadi Degla basin's vulnerability to flash
flooding risk was calculated. The first technique focuses on the relationship between drainage density and bifurcation ratio,
whereas the second relies on the relationship between drainage frequency and bifurcation ratio. For the examined basin of the
watershed, the third morphometric parameter (the bifurcation ratio, drainage density, and stream frequency) were obtained and
calculated. The bifurcation ratio, stream frequency, and drainage density all have values of 1.7, 6.05, and 2 according to
morphometric study. The bifurcation ratio, stream frequency, and drainage density have morphometric values of 1.7, 6.05, and 2
respectively, as per morphometric analysis. The Wadi Degla has elongated shape. According to the computed metrics (e.g.,
stream frequency, bifurcation ratio and drainage density), the Wadi Degla basin catchment area falls into category (A). This
means that there is expected high susceptibility of flash flooding possibility in the area under consideration. This expected risk
leads the Ministry of Water Resources and Irrigation to establish three dams on the pass of Wadi Degla to work as an obstacle for
decrease the flash flood velocity flow. Consequently, from an environmental hazards point of view, the Wadi Degla Protected
Area should be closed during heavy rainfall for visitor safety and also avoid the establishment of any basic infrastructure in the
vicinity of the Wadi pass.
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that were not previously witnessed, and Egypt is one of those
countries that are located in the dry regions, but the past
twenty years have witnessed change and precipitation and the
occurrence of flash floods that led to the destruction of the
Basic structure and roads. There is no doubt that global

1. Introduction

The world is witnessing a recent climate change event, in
particular the rise of temperature and heavy rain in locations
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climate change has an impact on the frequency and magnitude
of flash floods. [1]

Heavy rainstorms frequently generate flash floods in the
harsh Eastern Desert and Sinai, causing damage to roads and
basic tourism infrastructure. [2-8]. Heavy rains in hot deserts
are characterised by high speed and short duration, with a
quick peak of discharge. [9]. The roads and human activity
along the Red Sea and Gulf of Suez coasts are severely
impacted by the periodic flash floods [10]. Several more
studies in Egypt focused on flood risks in numerous locations.
(e.g. [11-14].

Morphometry is the science of calculating the earth's
surface area, landform proportions, and shape. The term
"morphometry" relates to the process of calculating the earth's
surface area, landform proportions, and form. A detailed
morphometric investigation of watersheds can be used to learn
more about the geomorphic history of the area, the drainage
network development and estimating and predicting its
behavior under heavy rainfall conditions, and for calculating
the potential flash flood hazard for downstream settlements
[15-19]. On the 24th and 25th of April 2018, a strong

rainstorm caused flash flooding in the study region, with
rainfall totals of 31.3 in Wadi Degla [20]. This flood has
severely harmed the infrastructure in the Wadi Degla
protectorate, where runoff water has filled most of gate
facilities, parking area and remove signposts and visitor
tracks.

The purpose of this study is to apply GIS techniques to
identify the potential flood hazard of Wadi Degla based on
combining values of different geomorphic parameters and to
estimate the degree of risk and to mitigate from this hazard.

2. Materials and Methods

2.1. Site Description

The Wadi Degla basin is located on the northwestern edge
of the eastern Desert. It extends eastward at (29 58 00N, 31 39
00 E) to west at (29 55 00 N, 31 19 00E) Figure 1. Wadi Degla
drains its water down to the Nile River. The basin extends 37
km long, from east to west. In 1999 Small portion of the basin
was officially declared a protected area of around 30 km®.
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Figure 1. The Location Map of the study area.

The average annual rainfall in the catchment area is around
13 mm and the regular maximum rainfall was 25 mm / day.
The maximum rainfall recorded in the area was 38 mm in
1908 (the region occasionally saw severe rainfall episodes
(typically 38 mm / day) over a short period of time). In June,
the average maximum temperature is around 34.7°C, while the
average minimum temperature is around 9°C in January, with
relative humidity ranging between 40 and 56 percent [21].
Geologically, the rock units exposed in the study area of
middle and Upper Eocene age and are made up of carbonate
and intercalation of marly limestones with bands of dolomitic
limestones at the base and marly at the top. Severe flashfloods
hit the Wadi Degla throughout the last 10 years. In the Wadi
Degla's lower watershed, heavy thunder storms occur between
November and March, bringing considerable flooding and
inundation. Flooded water remains in the rounded pit in the

eastern part of the Wadi at the area known by name Degla
canyon for a few months before evaporation.

2.2. Methodology

Geographic information systems (GIS) are applied in a
variety of sectors, including urban and regional planning [22,
23], criminology [24, 25] and natural science [26, 27]. Wadi
Degla morphometric analysis was performed using GIS,
which is an appropriate tool for studying the morphological
analysis. The morphometric parameters were then identified
with a 30 m precision using the SRTM DEM. The hydrology
tool in ArcGIS software version 10.2 processes DEM data. A
variety of data and approaches are utilized to extract the
drainage map. Filling DEM data gaps, flow direction, flow
accumulation, conditional, stream order, and streaming
features to convert raster stream order to vector data are all
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part of the digital DEM raw data processing. Drainage maps
are used to construct the approach for quantitative estimation
of morphometric parameters, which is based on the formula
proposed by [28-34] summarized in Table 1 and applied by
numerous authors such as [35-41]. In this work, morphometric
characteristics were examined in order to calculate the flood
risk. within Wadi Degla watershed using the approach of El-
Shamy [11].

Table 1. Methodology adapted for calculation of morphometric parameters.

Morphometric Parameters Formula References
Stream Order (U) Hierarchical rank [29]
Stream Number (Nu) Nu=NI1+N2+...Nn [30]
Stream Length (Lu) Length of the stream (km) [30]
Bifurcation Ratio (Rb) Rb=Nu/(Nu+1) [31]
Form Factor Ratio (Ff) Ff=A/Lb"2 [32]
Elongation Ratio (Re) Re=(2/Lb)*(A/m)* [31]
Texture Ratio (Rt) Rt=N1/P [30]
Circularity Ratio (Rc) Rc=4pA/P2 [33]
Stream Frequency (Fc) Fs=Nuw/A [32]
Drainage Density (Dd) Dd=Lu/A [32]
Total basin relief (H) H=Z-z [34]
Relief Ratio (Rh) Rh=H/Lb [35]

Two alternative methods were used to identify the
hazardous coming from the Wadi Degla watersheds. The first
technique is based on the relationship between drainage
density and bifurcation ratio, while the second way is based on
the link between drainage frequency and bifurcation ratio.
Each method employs a three-zoned diagram; zone A denotes
a high possibility for floods and low Potential for groundwater
recharge; zone B denotes a moderate flash flood possibility;
and zone C denotes a low possibility for floods.

3. Result and Discussions
3.1. Linear Morphometric Parameters

3.1.1. Stream Order

Stream ordering is a method of assigning links in a stream
network to a numerical order. In this study the various stream
segments of the drainage basin have been ranked according to
stream ordering system of [28]. The unbranched fingertip
tributary is built as 1st order; 2nd order tributary receives 1st
order tributary branches, 3rd order stream receives one or
more 2nd order tributaries and may also receive 1st order
branches. A stream of 4th order receives branches of 3rd order
and also of lower orders and so on. The tributaries of the Wadi
Degla basin are found to be of fifth order, as illustrated in in
Table 2.

3.1.2. Stream Number and Stream Length

Stream number refers to the number of stream channels in a
given order. [29]. For the Wadi Degla tributaries the stream
numbers and lengths of each order were measured and was
found to have a 5th order stream that includes 1075 total
stream numbers in the catchment, of which 542 stream
numbers were identified in 1st order with length 258.8 Km,
235 stream numbers in 2nd order with 40.1 Km, 126 and 48.5
Km stream numbers in 3rd order, 60 stream numbers in 4th
order with length 22. 1 km and 112 fifth order streams and
31.2 km respectively as seen on Table 2 below and Figure 2.
The overall number of stream segments is clearly reducing as
the stream order in the basin increases. Even the drainage
patterns of the basin's stream network were primarily dendritic,
indicating textural homogeneity (Carbonate rocks). Table 2.

Table 2. Linear aspect of Wadi Degla basin.

Stream order  Stream number Strcamllengitkm - Stream length ratio  Bifurcation ratio LLgerzid @l ot ol
Total Mean Cumulative flow (km)

1 542 258.8 0.48 0.48 2.3

2 235 40.1 0.17 0.65 2.8 1.9 0.22

3 126 48.5 0.38 1.03 0.4 2.1

4 60 22.1 0.37 1.4 1 0.53

5 112 31.2 0.27 1.7 1.4

Total 1075 400.7 0.37 Mean = 1.7

3.1.3. Bifurcation Ratio

The bifurcation ratio is the ratio of the number of stream
segments in one order to the number of segments in the
following higher level [30]. It is a crucial measure that
indicates a basin's water carrying capacity and related flood
potentiality [42]. According to [28], the bifurcation ratio
typically varies from 2 to 5 for drainage basins where
geological formations do not disrupt the drainage pattern.
Lower bifurcation ratios, on the other hand, are indicative of
structurally less disturbed watersheds with no drainage pattern
distortion. According to [43] the bifurcation ratio ranging
between 3 and 5 indicate the natural drainage system within a
homogenous rock. The reference [44] had noted that the lower
the bifurcation ratio, the higher the risk of flooding,
particularly of parts and not the entire basin.

The morphometric analysis data of the bifurcation ratio
from the study area indicates that for the fifth and first orders
they range from 0.53 to 2.3, with a mean value of 1.7
respectively The low average mean bifurcation ratio of the
basin under study of 1.7 is an indication that parts of its
segments (the fifth order) are liable to flooding. This actually
confirmed during the reconnaissance survey in Figure 3.

3.1.4. Length of Overland Flow

Known as the maximum length of surface water flow
created by rain over the earth until it's focused into specified
stream channels and equals half the drainage density [29].
Reference [45] was classified the overland flow length into
three classes including low (< 0.2), moderate (0.2 — 0.3) and
high (> 0.3) While [46] state that a low Length of overland
flow value indicates high relief, short flow paths, more runoff,
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and less infiltration, resulting in increased susceptibility to
flash flooding, [47] state that a high value indicates high relief,
short flow paths, more runoff, and less infiltration, resulting in
increased susceptibility to flash flooding. A high Length of
overland flow number, on the other hand, indicates gentle
slopes and long flow routes, which means more infiltration
and less runoff. Table 2 shows that the overland flow length in
the Wadi Degla drainage basin is 0.2 km / km? indicating
modest surface runoff Its mean that Wadi Degla high relief
with short flow paths and more venerable risk flooding
expected

Figure 2. Stream order in Wadi Degla Basin.
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Figure 3. Collection of Flooding in the main pass of the Wadi.
3.2. Areal Aspect Morphometric Parameters

3.2.1. Stream Frequency

The total number of stream segments of all orders per unit
area is known as the stream frequency or channel frequency
[31].

The frequency of the Stream, according to reference [47], is
mostly determined by the lithology of the basin and reflects
the drainage network structure. Hydraulic conductivity,
seepage rate, and terrain are all factors that influence this.

The higher value indicates the basin has more low relief and
greater stream number. The presence of a large number of
streams in a basin shows that the topography is still young and
undergoing erosion, but the presence of less streams suggests
that the stream is maturing [48]. In mountain locations, higher
slopes and more rainfall increase the frequency of streams, but

in plateau environments, low permeability and less available
surface flow reduce the value [49]. while,[50] reported that
low stream frequency values (1.0 to 3.5) indicate that the high
stream frequencies range between (4 to 10) indicate low
impermeability and greater surface runoffs. Larger surface
runoff and a steeper ground surface are associated with
higher stream frequency [51]. Table 3 shows the frequency of
stream segments in the study area, which is 6.05 per square
kilometer. Due to the existence of ridges on both sides of the
valley, as well as a higher slope from the surface, this value
refers to low impermeability of carbonate rocks and increased
surface runoff.

3.2.2. Drainage Density

The total length of streams divided by the drainage basin
area per unit area is known as drainage density. According to
Horton, drainage density is an expression of the tightness of
channel spacing inside a basin, and it reveals how near the
channels are to spacing [29].

Drainage density is an important landform characteristic
that allows for numerical measurements of runoff potential
and landscape segmentation. Low drainage density suggests
extremely resistant or permeable subsoil material, dense
vegetation, and low relief. High drainage density denotes
subsurface material that is weak or impermeable, sparse
vegetation, and high relief with fine drainage texture. The low
drainage density indicates permeable sub-surface, the
vegetation is dense with relief poor and coarse drainage
texture [28, 52-56]. High drainage density also leads to a
highly dissected drainage basin with a fast hydrological
reaction to rainfall events, while low drainage density leads to
a poorly drained basin with a slow hydrologic response [19].

Table 3. Areal aspect parameters of Wadi Degla.

Morphometric Parameters Results
Stream Frequency 6.05
Drainage density 2.26
Texture ratio 11.5
Elongation ratio 0.41
Circularity ratio 0.26
Form Factor ratio 0.13

The hydraulic conductivity of the underlying soil is
inversely related to drainage density. According to Table 3,
the drainage density of the study region is 2.26 km*/km?
suggesting high drainage densities indicating weak
permeable near-surface lithology with moderate drainage and
moderate to high relief. This value also suggests highly
dissected steep terrain with impervious underlying rocks,
particularly limestone or dolomitic limestone. According to
[57], the High drainage density value indicates less permeable
rock in the bed surface, high slope, and high water flow
regimes.

3.2.3. Texture Ratio

The drainage texture ratio was described by reference [29]
as the total number of stream segments of all kinds per
perimeter of the area. Drainage texture is a measure of channel
spacing closeness that is determined by the lithology,
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infiltration capabilities, and relief features of a given terrain
[58]. Reference [59] classified drainage texture into five
grades: extremely coarse (2), coarse (2-4), moderate (4-6),
fine (6-8) and very fine (> 8) drainage texture. The basic
lithology, infiltration capacity, climate, rainfall, vegetation,
rock, soil type, and terrain relief aspect are all key factors in
the morphometric analysis of drainage [60]. The drainage
texture value of the Wadi Degla basin in the current study is
11.5, which indicates that the catchment region has a very fine
texture, low permeability (carbonate rocks), limited
vegetation, and low infiltration capacity, with high relief and
high runoff. Similar observation was reported by [61] who
concluded that the high ratio basins indicate little infiltration
and complicated relief with very low permeability.

3.2.4. Elongation Ratio

The elongation ratio was defined by reference [30] as the
ratio of the diameter of a circle of the same area as the
drainage basin to the basin's maximum length. [62] classified
the elongation ratio into three categories: less elongated (0.7),
oval (0.8-0.9), and round (>0.9). Values near unity are
frequently linked with modest relief, whereas values in the
range of 0.6-0.8 are typically associated with high relief and
steep ground slope [28]. In this study, the elongation ratio is
0.41, indicating that the catchment fits into the elongated
categories with strong relief according to [62]. Figure 2.

3.2.5. Circularity Ratio

The Circularity Ratio [32] is the ratio of a basin's surface
area to the surface area of a circle with the same circumference
as the basin's perimeter. Stream length, stream frequency,
geological features, land cover, climate, relief, and basin slope
all influence circularity ratio values, which range from zero
(for a line) to one (for a circle) [63]. A circular basin with a
high circularity ratio has moderate to high roughness and high
infiltration, whereas a circular basin with a low circularity
ratio has less elongation, lower roughness, and low infiltration
[64]. As indicated in Table 3, the circularity ratio for the Wadi
Degla basin in the study area is 0.26. This lower number
implies that it is elongated, has a moderate to high relief, and a
drainage system that is less structurally managed.

3.2.6. Form Factor Ratio

The ratio of basin area to basin length square is known as
the form factor ratio [31]. The form factor is a measure that is
used to forecast the flow intensity of a watershed in a specific
area, and it has a direct relationship to peak discharge [29].
The form factor ranges from O for a lengthy basin to 1 for a
fully round basin. In Table 3, the Wadi Degla has a form factor
ratio of 0.13. The Wadi Degla catchment appears to be
elongated based on this form factor value. The lower number
suggests that the Wadi Degla's elongated shape makes it more
sensitive to flood flows than the circular catchment area.

3.3. Relief Aspect

The study of three-dimensional features involving area,
volume, and height of vertical dimension of landforms to
examine distinct geo-hydrological characteristics is related to

the relief aspects of drainage basin analysis [19]. Total basin
relief and relief ratio were regarded as relief aspects metrics.

3.3.1. Total Basin Relief

The total relief of a basin is the difference in elevation
between the highest point of a watershed and the lowest point
on the valley floor [28]. It is a characteristic that effects the
flood pattern and the amount of silt that can be transported by
a stream [33]. It is critical to comprehending the basin's
denudational characteristics [65]. The overall basin relief of
the watershed in Wadi Degla is 528 m, with the greatest and
lowest elevations being 597 m (a.s.l) in the eastern portion of
the study area and 69 m (a.s.l) in the western half of the study
area, respectively Figure 4.
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Figure 4. Digital Elevation Model of Wadi Degla catchment.

3.3.2. Relief Ratio

The relief ratio [30] is defined as the ratio of basin relief to
basin length. It's computed by dividing a basin's relief by its
length. The relief ratio is a dimensionless quantity that
measures the average decline in height per unit length of basin,
according to reference [66]. The relief ratio with a higher
value indicates the presence of steep slope and high basin
relief whilst, lower values indicate the existence of low slope
and high resistant rocks [67, 68]. The relief ratio of Wadi
Degla basin is 5.6 m/km This high value reflects a basin with
significant-high relief and a steep slope Figure 4.

3.4. Flash Flood Risk Assessment

According to the classification proposed by [11] Figure 5,
the basin is classified into three categories based on the
bifurcation ratio, drainage density, and stream frequency. This
is a category (A) with a high risk of flash flooding. Category
(B) has a moderate risk of flash flooding, whereas category (C)
has a low risk of flash flooding. The three parameters were
plotted in El-Shamy’s diagram (Figure 5). As a result of the
plot of stream frequency vs bifurcation ratio, the Wadi Degla
catchment region is classified as Zone A, suggesting a high
risk of flash flooding. On the other hand, a plot of drainage
density vs bifurcation ratio revealed that the study's catchment
region falls within Area A, indicating a significant risk of flash
flooding. The overall hazard degree for this catchment will be
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high possibility for flash floods. This confirmed during field
visit where the effect of flood in the infrastructure of protected
area such as tracks, signposts and main gate. Figure 6.
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Figure 5. Flooding susceptibility of Wadi Degla based on El-Shamys
approach.

Figure 6. Main gate of Wadi Degla Protected area affected by flood water.

4. Conclusion and Recommendations

The Wadi Degla watershed's flash flood risk was assessed
using GIS-based morphometry and field measurements. The
bifurcation ratio, stream frequency, and drainage density
estimated parameters aid in understanding numerous basin
characteristics, and these parameters were verified using El-
Shamy method to predict flash flood assessment. The findings
indicate a high risk of flash flooding in the research area. The
findings point to a high risk of flash flooding in the study area.
As a result, the study suggests that precautionary steps be
taken to reduce the effects of flooding include (1) prevent
establishment any construction in the course of the wadi or
nearby the Wadi Degla and (2) regular maintenance of the pass
of the wadi and encourage the Ministry of water resources to
establish dams to control the flash flood hazards in addition to
(3) protect of visitors by closed the protected area during
rainfall.
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