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Abstract The fact that Egypt falls within the arid and
semi-arid areas, makes it always vulnerable to sudden storms,
which have increased significantly during the past ten years.
Climate change is one of the factors that cause the increasing
of the sudden storms frequency, intensity and expansion to
cover new areas. During three days, from November 11 to 13,
2021, a severe storm hit the city of Aswan and its suburbs,
leaving behind extensive property damage and loss of life.
Where heavy rains, fell in a short time, on the Eastern Desert
Mountains led to torrential rains (flash flood) that flowed to
the plains through the paths of the valleys, causing severe
damage to several villages, which are located in the
hydrologically active valleys (Al-Heita, Al-Kimab, Umm
Buirat and Abu Al-Rish Qebli). In this paper, the November
2021 storm will be analyzed using Global Precipitation
Measurement (GPM) data, with temporal and special
resolution of 30 minutes and 0.1° respectively. The data will
give a distribution of the storm for each 1 hour during the
storm for three days. The amount of water and its velocity
will also be simulated using the (HEC-HMS) hydrological
model. In addition, the (HEC-RAC) model is used in order to
simulate the distribution and expansion of the flood during
the storm time step. The results provide an actual simulation
of what happened during the 2021 storm. In addition, this
model is applied again with the highest values to produce the
worst scenario. The final part of this paper highlights the
value of this model as a supportive tool for urban planning to
achieve sustainability. So, both results of the simulation and
the worst scenario were compared to the development plan
of the study area. Then, the suitable planning
recommendations were accordingly suggested for the areas
at risk to ensure sustainable future development.
Keywords

Sudden Storm, Flash Flood, GPM, Regional

Development, Egypt

1. Introduction
In the last 10 years, as one of the projections of climate
change in arid regions [1], flash flood, a flood with short
duration and a high peak discharge, is becoming more
intense and frequent. The Wadis rainfall can be described
(before the year 2003, usually in October or November) as
episodic that has a wide spatial and temporal variation [2],
although no precipitation has been received for many years.
Flash flood is defined as a surface water response to
intense rainfall from sudden thunderstorms that falls in a
short time. Such storms has a damage potential resulting
from high flow velocities that lead to high hazard intensities
[3,4]. In general, the flood hazard is visible in the short- and
long-term, where the short-term impacts occurred during
flash floods causes loss of lives, infrastructure, investments
properties, in addition to spreading diseases. Conversely, the
long-term stage is characterized by the reconstruction of
homes, infrastructure, compensation, insurance costs, and
other property [5].
In order to improve flood risk management, the flood
research is based on a good meteorological study and good
knowledge of watersheds, the vulnerability and exposure to
flooding in those territories to tackle flood problems [6].
There are several factors for the occurrence of flash floods
and their increasing degree of severity such as the intensity
and duration of rain, topography, soil conditions and
topography. The topographical features of the area, such as
steep slopes, steep ridges, and narrow valleys, increase the
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likelihood of flash floods and increase the speed of runoff.
Runoff is also affected by; shallow water-resistant geological
and saturated soil layers. In addition, the expansion of
planned urban associated with waterproofing materials
generates much more runoff than in rural areas. Transport of
sediment and debris during a flood is another source of flash
flood risk. Where is the risks of direct and indirect impact of
residues and coarse grains can negatively affect structures
and corrode exposed surfaces [1]. The rapid urban expansion
resulting from the increase in the population and the increase
in tourism and economic investments has led to the
construction of housing in areas at risk [7], including the
valley plains, and may extend to construction in the course of
the valley itself.
Unplanned urban growth increases the vulnerability of life
and property to high losses, where land use regulation, and
planning of sustainable infrastructure for the storm water
management through landscape architecture are preventative
and necessary measures to reduce the long-term risk of
flooding. So far, the application of urban planning
approaches aiming at reducing flood risks has not received
sufficient attention, especially in arid and semi-arid regions,
however, a combination of structural and non-structural
mitigation measures in spatial planning can be more useful
than using one type of measure alone [8].
Egypt is one of the Arabian countries, which is
characterized by an arid and semiarid climate. Thus, it
suffers from flash floods, as this took a huge economic loss
of approximately 1.2 billion USD/year during the period
(1975-2014) [9]. In the last 10 years, floods have become
more frequent, instant and expanded its distribution to cover
new areas that did not suffer before. For example,
Alexandria faced the worst flooding events during two
storms; 25/10/2015 and 4/11/2015; as water flooded 60% of
the city, and the water depth ranged from 0.5 to 1.0 meters,
and the effect of those storms lasted for 15 days in the
low-lying areas [9].
Although Egypt government has adopted several
mitigation measures for flash flood, such as a combination of
storage dams, obstacle dams, artificial lakes, diversion dikes,
embankments, artificial drainage channel [9], the
governance system unable to provide the necessary
monitoring, evaluation, transparency, or accountability
mechanisms due to many deficiencies [10]. Egypt has
suffered from a limited ability concerning natural disaster
prevention, where in the recent flash flood disasters (e.g.,
Sinai flash floods in 2010 and Cairo flash floods in 2018) the
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government response has been inadequate. Furthermore,
flood disaster losses are exacerbated by the lack of risk
information and data, and the lack of resources, weakness, or
unavailability of early warning systems along with fragile
infrastructure increase the magnitude of disaster losses in
terms of lives, livelihoods, assets, the economy, and the
environment. Governance systems also affect disaster
management and have a negative impact on resilience,
especially with the scarcity of living options for the poor
[11].
The floods appear in Aswan as a result of rainfall in the
mountains east of the governorate, where the water flows in a
group of valleys west to the Nile River. Wadi Al-Sarraj basin
south of Edfu, Wadi Ajam basin north of Aswan, Umm
Habal basin southeast of Aswan, and Wadi Himour
Al-Allaqi basin southeast of Aswan are the areas most at risk
of flooding. The valleys that flow in the direction of Lake
Nasser are the least vulnerable to flood risks, due to the lack
of urbanization in those areas. While the basins of the valleys
that flowing east of the Nile in the area between the cities of
Edfu and Aswan are considered very dangerous, especially
in the Kom Ombo area and east of Aswan.
In May 1979, several cities, Edfu, Kombumbo and Aswan,
were damaged as a result of the floods. That storm led to
heavy rocks falling on some parts of agricultural roads,
disrupting railways, and displacing about 300 families. The
floods were frequent in 1980, 1987, 2005, 2010 and 2014
[13,14]. The largest number of displaced families due to
severe flash floods in Aswan governorate occurred during
the 2010 storm, when about 500 families were evacuated
from their vulnerable homes [15].
Aswan Governorate was recently hit by torrential rains
that led to flooding in 11 districts between Novembers
(12-14) 2021. Continuing severe weather accompanied by
torrential rain and thunderstorms caused widespread
flooding across the southeastern part of Egypt. This storm,
which drove scorpions from the ground, killed three people
and injured 450 others due to scorpion stings. The storm led
to the complete and partial collapse of public infrastructure,
highways, homes, land and cemeteries (Figure 1). It also led
to the isolation of some villages and sites from relief
agencies due to the blockage of main roads. About 1,100
people, 220 families, lost their homes due to the complete
damage to their homes, as they were settled in temporary
homes for the governorate, while 4,685 people, including
937 families, are still living in their partially damaged homes
and refuse to leave [16].
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Source: ERC, 14 and 15 November 2021
Figure 1. Areas affected by flash floods. ERC volunteers on the affected areas are conducting the rapid detailed assessment

In this paper, the assessment of the degree of risks that
resulted from the (11-13) November 2021 storm for some
active valleys in Aswan Governorate. The Global
Precipitation Measurement (GPM) values and distribution is
used to describe the storm and to feed the hydrological model,
due to the absence of any recording of rain quantities in the
rain-measuring stations near the valleys. The study is
focused on four Wadi basins, Al-Heita, Al-Kimab, Umm
Buirat and Abu Al-Rish Qebli, which were flooded during
the storm and led to severe destruction of some villages
located within the valley basins. This assessment was
supported by an estimate of the exposure of areas at risk of
flooding. The hazard map, which is based on morphometric
analysis and calculations of geomorphological parameters,
showed the degree and intensity of the torrential rain caused
by the storm, which led to the destruction mentioned earlier.
For this analysis, a Watershed Modelling System (WMS)
was used to generate current flow based on a digital elevation
model (DEM) [17]. In the next step, we applied the
hydrological model to calculate the runoff and the volume of
floodwater discharge. Then the hydraulic model was run to
traverse the flooded places and determine the depth and
speed of the water, and the resulting flood simulation showed
the affected areas and safe areas, which can be a safe
alternative for settling the flood-affected population.

2. Materials and Methods
2.1. Study Area

(a) The Geographic Description
The study area is divided into four eastern Wadi in
Aswan Governorate that started from the eastern desert
towards the Nile Valley, Figure 2. These Wadies hit some
villages located within the valley basins; `Izbat al-Tahrir,
`Izbat al-Furn, `Izbat al-Saniyeh, `Izbat al-Hudud and the
Abu al-Rish Qibli area. These Wadis location are described
as follows:
Wadi Al-Heita: is located south of Aswan city in the
Eastern Desert between Wadi Abu Ajaj in the north and
Wadi Al-Kimab in the south, Its longitudes and latitudes
ranges (24° 04’-24° 06’) North and (32o 55’-33o 02’) East.
The valley’s tributaries begin at the eastern plateau,
bounded between the Red Sea Mountains in the east and the
Nile River in the west, at a level of approximately 220 m
and ends at level less than 110 m at the downstream.
Wadi al-Kimab: is located east of the city of Aswan in
the Eastern Desert, between Wadi al-Hita in the north and
Wadi Umm Buirat in the south. Its longitudes and latitudes
ranges (24° 01’-24° 05’) North and (32° 53’-33° 02’) East.
The valley's tributaries start east of the Nile from a level of
approximately 280 m and end at a level of less than 97 m.
Wadi Umm Buirat: is located east of the city of Aswan
in the Eastern Desert, between Wadi Al-Kimab in the north
and Wadi Keltur in the south. Its longitudes and latitudes
ranges (23° 56’-24° 03’) North and (32° 53’-33° 05’) East.
The valley's tributaries start east of the Nile from a level of
approximately 370 m and end at a level of less than 110 m.
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Figure 2. The Geographical Location of the Study Area
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Abu Al-Rish Qibli Valleys: are located east of the Nile
between Wadi Abu Ajaj and Wadi Abu Sabira, where their
first tributaries start from the high plateau east of the Nile
and head west towards the Nile River. The level at that
plateau reaches about 200 m and gradually decreases,

reaching 88 m at the mouth of those valleys.Their longitudes
and latitudes ranges (24° 08’- 24° 11’ 50”) North and (32°
53’-32° 56’) East. Figure 3 shows the digital elevation model
for the four Wadis.

A
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B
Figure 3. The Digital Elevation Model (DEM) for (A) Abu Al-Rish Qibli Valleys and (B) Wadi Al-Heita, Wadi al-Kimab and Wadi Umm Buirat

(b) Climatology
Climatically, the region is part of the dry belt of North
Africa, which has long hot summers and short warm winters

with scarce precipitation. Based on previously published
studies, the average maximum temperature ranged between
28.8°C in winter and 42.4°C in summer during the period

358

Assessing the Safety of Settlements from Flood Risk

from 1998 to 2012, while in winter the average minimum
temperature ranged between 10.7°C and 27.1°C. The
average annual precipitation for the region in winter is 0.1
mm and in spring is 0.5 mm, while it is rare in autumn.
Relative humidity varies from season to season, in winter it
ranges between 33.9% and 40.3%. In autumn, it ranges
between 26.5 and 30.1%, while it decreases in spring and
summer to range between 15% and 20.7%. The average wind
speeds are 13.7 and 14.4 knots, respectively, in spring and
summer, while in the fall and winter it is 13.1 and 12.2 knots,
respectively. The degree of aridity was 0.0153 that indicates
typical desert climatic conditions [18]
There is only one rain gauge station that is located in
Aswan city. This station cannot monitor the rainfall events,
which is mostly occurred in upstream the valleys basins over
the top of the eastern plateau. The remarkable progress in

rainfall estimation techniques from satellite images helped
researchers to overcome the problem of lacking of rain gauge
monitoring. The rainfall product of Climate Hazards Group
InfraRed Precipitation with Station data (CHIRPS), with
temporal resolution 1day and spatial resolution 0.05o, is used
to describe the historical rainfall on the case study. The mean
annual precipitation varies between 0.63mm to 2.89mm, as
shown in Figure 4. The return period storm for 50 and 100yrs
are estimated from the CHIRPS in order to compare with the
storm that occurred in November 2021. The maximum
design storm for 50 and 100yrs is 4.86mm and 5.43mm
respectively in Abu Al-Rish Qibli Valleys, while the
maximum 50 and 100yrs design storm for the other three
valleys are not exceed 1.7 mm. The maximum storm
happened in 1994, Figure 5 shows the daily maximum storm
during the period (1981-2020) for the four Wadis.

Figure 4. The Mean Annual Precipitation for the four Wadis during the Period (1981-2020)

A
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C

D
Figure 5. A, B, C and D are the daily maximum storm (mm), during the years from 1981 to 2020, where A for Wadi Al-Heita, B for Wadi al-Kimab, C
for Wadi Umm Buirat and D for Abu Al-Rish Qibli Valleys.
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2.2. Tools and Material
2.2.1. Data Sets
Regarding to the absence of the observed records for the
storm (11-13) November 2021 in Aswan governorate,
where the only rain gauge station is located in Aswan city
and its records during the storm was zero, the Global
Precipitation Measurement (GPM) with temporal and
spatial resolution 1 hour and 0.1° respectively. Figure 6
shows the distribution of the total rainfall and the maximum
rainfall during the storm (11-13) November 2021 from
GPM rainfall data.

Geologic data is generated from (Conoco maps 1987),
the morphometric analysis is performed using Alos-DEM
30m to identify hazardous sub-basins located in the
upstream regions of the four valleys. DEM is also very
useful for estimating the geomorphological features of
Wadis basins (slopes, slope length, slope shape, slope sides,
etc) and hydrological parameters (flow direction, flow
accumulation, watershed identification flow networks, flow
length) [19,20]. The Watershed Modelling System (WMS)
was used to identify and extract the drainage network of
valley basins; Figure 7 and Table 1& 2 show the sub-basin
areas, and the morphological characteristics of the drainage
basins.
The curve number (CN) is an empirical parameter used in
hydrology to predict runoff. The value of CNs was
determined based on land use, hydrological conditions, and
soil type [21]. The CN value was used to calculate the
precipitation increase at the watershed outlet. The higher
the value of CNs, the higher the runoff potential [22]. The
CN value in this study was obtained from Map of Curve
Number (CN) as deduced from FAO Digital Soil Map of
the World and Land use of Egypt [23].
2.2.2. Modeling

A

B
Figure 6. A MAP for the Total Rainfall Value during the Storm, B MAP
for the Maximum Rainfall Value during the Storm (11-13) November 2022

The Watershed Modelling System (WMS 11.0) was used
to generate the basins in the study area, where the DEM was
used through the WMS to delineate the basins and
sub-basins. The direction of the flow, which was used to
create flow path, and the flow accumulation were computed.
The flow path for each sub-basin is to represent the longest
flow path. The basin and sub-basin delineation, which give
the characteristics of the basins in the study area, will be
transferred to the hydrological model in order to simulate
the hydrological flow at the outlet of the basins and
sub-basins. The Hydrologic Modeling System (HEC-HMS)
is produced by Hydrological Engineering Center within the
U.S. Army Corps of Engineering to simulate rain-runoff
process within the basin and calculate the runoff volumes
drained from the watershed [24,25]. The HEC-HMS is
based on three main components: the surface area of the
basin, the climate condition, and the control indices [26].
This model can simulate the flood and calculate flow
hydrographs even for ungauged basins [27].
The Hydrologic Engineering Center’s River Analysis
System (HEC-RAS 6.1) is widely used for performing 1D
steady and unsteady flow and 2D unsteady flow river
hydraulics calculations [28]. HEC-RAS 2D describes the
motion of water in terms of depth-averaged 2D velocity and
water depth in response to the friction and gravity. It
depends on the equations of mass conservation and
momentum in a plane [29]. HEC-RAS 2D can simulate
variability along the flow path. Based on topography of the
Wadi basin, water can move to any direction, however, the
land use type with associated Manning’s coefficient control
the flow resistance [30].
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B
Figure 7.
Valleys

Sub-Basin Areas, A for the sub-basins of Wadi Al-Heita, Wadi Al-Kimab, and Wadi Umm Buirat, B for the sub-basins of Abu Al-Rish Qibli
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Table 1. The morphological characteristics of the drainage basins of Wadi Al-Heita, Wadi Al-Kimab, and Wadi Umm Buirat

Wadi
Name
Wadi
AlHeita

Wadi
AlKimab

Wadi
Umm
Buirat

Basin
Name

Basin
Area
(Km2)

Basin
Slope
(M/M)

Basin
Length
(M)

Mean
Elevation
(M)

H-W1
H-W2
H-W3
H-W4
K-W1
K-W2
K-W3
K-W4
K-W5
K-W6
OB-W1
OB-W1'
OB-W2
OB-W3
OB-W4
OB-W5
OB-W6

9.07
4.59
2.00
0.27
15.55
15.66
1.89
0.47
1.25
1.83
27.45
11.20
27.35
16.49
3.84
13.02
0.60

0.11
0.13
0.13
0.05
0.06
0.09
0.09
0.16
0.14
0.13
0.08
0.08
0.09
0.07
0.08
0.09
0.11

4.71
3.37
3.17
0.90
9.21
6.65
2.02
0.90
1.47
3.00
8.83
5.05
8.96
5.72
3.08
6.16
1.12

187.83
156.72
155.53
112.85
213.78
198.53
174.29
168.30
165.90
158.56
254.47
225.93
243.70
205.70
177.64
185.61
140.06

Main
Stream
Distance
(M)
4.39
2.45
1.92
0.73
10.13
7.79
1.72
0.99
1.26
1.56
11.88
4.52
10.52
6.60
2.99
6.62
0.57

Lag
Time
(min)

Time of
Concentration
(min)

48.31
34.95
27.33
17.31
104.28
72.28
23.84
9.38
18.05
27.49
102.80
65.58
106.47
75.05
29.64
65.60
9.23

80.52
58.26
45.55
28.84
173.80
120.46
39.73
15.64
30.09
45.81
171.33
109.31
177.44
125.08
49.39
109.34
15.39

Table 2. The morphological characteristics of the drainage basins of Abu Al-Rish Qibli Valleys

Wadi
Name

Basin
Name

Basin
Area
(Km2)

Basin
Slope
(M/M)

Basin
Length
(M)

Mean
Elevation
(M)

Abu AlRish
Qibli
Valleys

AR1-W1
AR1-W2
AR2-W1
AR2-W2
AR3-W1
AR3-W2
AR4-W1
AR4-W2
AR4-W3
AR5-W1
A5-W2

1.29
0.21
4.85
0.95
3.31
0.21
3.95
0.24
0.41
3.66
1.67

0.07
0.11
0.08
0.12
0.09
0.15
0.09
0.19
0.12
0.05
0.12

1.98
0.69
3.88
2.13
3.94
0.61
3.74
0.83
1.23
2.53
1.91

160.69
128.48
174.00
139.42
171.88
111.15
175.82
123.94
154.64
180.34
149.83

2.2.3. Approach
The rainfall records were obtained from GPM in
temporal and spatial resolution 1 hour and 0.1o respectively.
Due to the absence of observed data during the storm event
(11-13) November 2021, where the records during the
storm three days in Aswan meteorological station were zero,
GPM became the only source that described the storm
intensity and its temporal distribution per hour.
The hydrological model was built for the four Wadis
basins, where the basin and sub-basin delineation, streams
and all watershed characteristics were obtained from the

Main
Stream
Distance
(M)
2.04
0.68
4.49
1.86
4.51
0.53
4.35
0.69
1.02
3.21
2.21

Lag
Time
(min)

Time of
Concentration
(min)

22.03
6.91
41.60
25.44
38.12
4.91
35.57
6.69
9.79
27.42
18.54

36.72
11.52
69.34
42.40
63.53
8.18
59.29
11.15
16.31
45.70
30.90

WMS and transferred to the HEC-HMS hydrological model.
The hourly mean areal precipitation (MAP) was calculated
from the GPM rainfall products, and fed in HEC-HMS to
simulate the surface runoff and produces the flow
hydrograph at the outlet of each sub-basin. The Wadis are
divided to sub-basins, in order to take into account the
spatial variability of the rainfall. Due to the existing of
flood protection dams in Wadi Al-Kimab and Wadi Umm
Buirat, Figure 8 shows the schematic model of Wadi
Al-Kimab, and Wadi Umm Buirat with the rating curves of
the dams existing in those Wadis.
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(A) Wadi al-Kimab

(B) Wadi Umm Buirat
Figure 8. The Schematic Model of: (A) Wadi Al-Kimab, and (B) Wadi Umm Buirat with the Rating Curves of the Existing Dams

The discharge peak for each sub-basin is used to fed the
HEC-RAS model in order to simulate the distribution and
the variability of the flow pathway. The 2D model
generated the maximum flood depth maps in order to
estimate the inundated areas and the hazard locations.
This model chain is applied again with the suggested
worst scenario that is assumed the highest value of rain,

which affected a part of the valley, extends its impact to
cover the whole valley. This hypothesis is based on the fact
of it was possible to change the direction of rain to cause
large amounts of rain to fall over the entire area of the
valleys.
Both results of the actual simulation and the worst
scenario were compared to the development plan of the

Civil Engineering and Architecture 10(5A): 351-379, 2022

study area “Aswan city strategic plan”. Then, the suitable
planning recommendations were accordingly suggested for
the areas at risk to ensure sustainability the future
development.

365

rain (mm) that fell during the storm period and the
maximum rainfall (mm/hr) and the percentage of the
maximum rain value from the total rain that fell during the
storm.
Table 3. Describe the Total Rain (mm) that fall during the Storm Period
and the Maximum Rainfall (mm/hr)

3. Results and Discussion

Wadi Name

MAP for total
storm (mm)

Maximum
MAP
(mm/hr)

(Max/Total)

Wadi
Al-Heita

19.01

15.84

83.30

Wadi
Al-Kimab

20.54

17.39

84.63

Wadi Umm
Buirat

34.39

27.77

80.74

Abu Al-Rish
Qibli

9.72

8.55

87.98

3.1. The GPM Distributed Rainfall
The distributed GPM rainfall product shows the
variability distribution of the rainfall during the storm days,
Figure 9 shows the temporal distribution of the rainfall,
which is used to run HEC-HMS hydrological model for the
current storm (11-13) November and the worst suggested
scenario. From figure 9, it is clear that the storm occurs
during two hours 8:00 and 9:00 PM in 12 November 2021,
but most of the rain fell in only one hour, which causes the
huge damage presented above. Table 3 describes the total

A

%
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B

C
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Figure 9. The Temporal Distribution Rainfall of the Current Storm and the Worst Suggested Scenario for A Wadi Al-Heita, B Wadi Al-Kimab, and C
Wadi Umm Buirat, and D for the sub-basins of Abu Al-Rish Qibli Valleys

3.2. The Simulated Flow
The MAP of the actual distributed storm fed
HEC-HMS by the time, in order to simulate the flow and
obtain the hydrograph at the outlet for each sub-basins.
Figure 10 shows the hydrographs at the outlets of the
Wadi Al-Heita, Wadi al-Kimab and Wadi Umm Buirat,
while Figure 11 shows the hydrographs at the outlets of
the Abu Al-Rish Qibli vallyes. Figure 10 and Figure 11
show the flow hydrograph for the current storm and the
suggested worst scenario. It is clear from the results that
the peak of the flow at the worst scenario becomes more

sharp and damaged.
The maximum water flow at the outlets of Wadi
Al-Heita, Wadi al-Kimab, Wadi Umm Buirat and Abu
Al-Rish Qibli vallyes are 0.38 MCM/day, 1.51 MCM/day,
11.81 MCM/day and 0.11MCM/day respectively for the
current storm. Those values increase to 6.15 MCM/day,
10.86 MCM/day, 13.5 MCM/day and 2.94 MCM/day
respectively in the worst scenario. The values of the worst
storm scenario could happen in one or more of the four
Wadis, where there is no discharge (flow) measurement at
the outlets in all Wadis in Egypt.
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Wadi Al-Heita

Wadi Al-Kimab
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Wadi Umm Buirat
Figure 10.

The Flow Hydrographs at Wadi Al-Heita, Wadi Al-Kimab and Wadi Umm Buirat Outlets

Abo1
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Abo2

Abo3
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Abo4

Abo5
Figure 11.

The Flow Hydrographs at the Outlets of Abu Al-Rish Qibli Vallyes
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3.3. Flood Inundation Map
In order to run the HEC-RAS model to simulate the
flood inundation, the model should include the land use
and land cover of the study area, the infrastructure should
also be added to the model. Due to the location of the
affected area inside the Wadi basin, the model should take
in account the direct rainfall beside the flow hydrographs
upstream the basins.
Figure 12 is a picture that was taken on 9 November

2021 from Google Earth version 7 capture the upstream of
Wadi Al-Heita. In Figure 12, there is a dam, whose
capacity is neither taken into consideration in the running
of HEC-HMS model nor HEC-RAS. The dam storage
capacity was full of unknown water sources before the
sudden storm (11-13) November 2021, which disrupted
the dam function in impeding and storing the torrent water
and may have an impact on the severe water spills
downstream the dam.

Figure 12. Upstream Wadi Al-Heita, (Source: Google Earth v7, 9 November 2021).

Figure 13.

Layout of the Main Features in the Wadi Basins, (Source: Google Earth v7, 9 November 2021).
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It is also shown that existing water treatment plant inside
Wadi Al-Heita downstream the dam. The presence of water
treatment plant within a torrent stream, and in the light of
severe flooding, the water flows with a high velocity that
may lead to spills of the treatment plant water towards the
valley delta, which may have a severe impact on the
pollution of the surrounding environment.
There is a floodwater drain that is used to drain the
water from the Wadis, the exposed part of this drain
extends from the delta Wadi Al-Kimab in the south to the
north of the delta Wadi al-Hita, while the rest parts of the
drain is covered. Placing the floodwater drain downstream
residential areas may expose them to a high storm
condition to water backflow.
Water Resources Research Institute (WRRI) has
established an artificial canal for the safe drains of water
from the torrent stream, but the encroachments on the
canal and the filling large distances of it made it lose the
ability to absorb the water drained from the basins, Figure
13.
There is a dam 7 m high at the outlet of Wadi Al-Kimab,
designed by WRRI, and a dam 5 m high upstream Wadi
Umm Buirat . The capacities of the two dams are taken in
consideration in the models schematic, however these
dams are designed for a 100yrs storm that is very low
compared with storm November 2021.
In Wadi Umm Buirat, There is a big water treatment
plant downstream the dam and a military area in the delta
of the valley and a main asphalt road (Aswan - the High
Dam). These installations have changed the features of the
valley so that there are no traces of the valley after the
military area, and there is a culvert at the bottom of the road
consisting of 2 pipes (the diameter of the pipe is 1 meter).
At the bottom of the railway (Aswan - Egypt) there are two
culverts. The first one consists of 3 openings with
dimensions of 1.5 m / 2 m, and the second culvert is one
opening 1.5 m / 2 m. There is a low area between the road
and the railway line that can be used to store the water of
the valley stream, Figure 14 shows blurring streams of the
valley.
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Abu Al-Rish Qibli valleys affect the agricultural road
Aswan-Cairo, as well as the informal villages and
agricultural lands located at the exits of these valleys.
There are some residential buildings directly below the
mountain at the exits of the valleys, Figure 15, which
increases the risk, especially in the event of severe
rainstorms. In addition to residential areas with streams and
valley exits. At the exits of the valleys, there are small
dams ranging in height from 1 to 3 meters and the volume
of their storage is very small due to the strong inclination of
the valleys' streams, so it doesn’t take in consideration in
the schematic of the models.

(Source: Google Earth v7, 9 November 2021)
Figure 15. The Encroachments on the Streams of Abu Al-Rish Qibli
Valleys and the Construction Directly below the Mountain

3.3.1. Inundation Maps of Current Storm (November 2021)

(Source: Google Earth v7, 9 November 2021)
Figure 14. Blurring Streams of Wadi Umm Buirat

The inundation maps outputs from HEC-RAS are
obtained for each Wadi in study area, where they show the
depth of flood water during the storm and the spread and
expansion of water at the exits of the valleys. The
maximum flood depth from Wadi Al-Heita during the
(11-13) November 2021 reach to high 2m at residential
cluster, while from Wadi Al-Kimab reach 5.5m height. In
Wadi Umm Buirat, the residential cluster affected by
maximum flood depth reach to 7.7m height. Figure 16
shows the inundation map for Wadi Al-Heita, Wadi
Al-Kimab and Wadi Umm Buirat. The figure shows the
variation of the flood water depth, where the higher the
concentration of the water color (blue color), the higher the
depth of the water.
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Figure 16. The Inundation Map of Wadi Al-Heita, Wadi Al-Kimab and Wadi Umm Buirat for the Storm (11-13) November 2021

Figure 17. The Inundation Map of Abu Al-Rish Qibli valleys for the Storm (11-13) November 2021
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For the group of Abu Al-Rish Qibli valleys, the
maximum depth reach 2m height. Figure 17 shows the
inundation map for the group of Abu Al-Rish Qibli valleys,
where the water flow not only expand to affect the
residential cluster, but also extended to reach the
agriculture area.
3.3.2. Inundation Maps of the Suggested Worst Scenario
The suggested worst scenario assumed that the
maximum value of the rainfall that occurs in storm (11-13)
November 2021 covered the whole area of the Wadis
basins. The maximum flood depth from Wadi Al-Heita,
Wadi Al-Kimab and Wadi Umm Buirat by that suggested

Figure 18.

375

scenario reach to height 3m, 7m and 8m respectively.
Figure 18 shows the inundation area for the Wadi Al-Heita,
Wadi Al-Kimab and Wadi Umm Buirat. The expansion of
the floodwater from Wadi Al-Heita, Wadi Al-Kimab
increase towards the north affected big area of residential
cluster and agriculture areas, however the flood water from
Wadi Umm Buirat expansion and extended towards the
south at Lake Nasser.
The inundation map of the group of Abu Al-Rish Qibli
valleys, Figure 19, the water flow expanded and extended
north and south covers most of the agriculture areas
downstream the group of Abu Al-Rish Qibli valleys with
the maximum depth reach to 4.5m height.

The Inundation Map of Wadi Al-Heita, Wadi Al-Kimab and Wadi Umm Buirat for the Suggested Worst Scenario
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Figure 19. The Inundation Map of Abu Al-Rish Qibli valleys for the Suggested Worst Scenario

3.4. The model results would advise urban development
planning:
Figure 20 comparing model results with the recent
strategic urban plan for the study area. Two main zones of
unsafe urban areas could be identified: (1) the southern
zone near the heart of the city is the biggest one and it
includes some eastern expansions. According to the worst
scenario, these areas are subject to flash floods especially
with the rapid increase of extreme events due to climate
change. However, the recent strategic plan suggested
controlling any urban expansions in the eastern edges of
the city, public facilities and urban upgrading projects
included. Only limited proportion was allocated for
recreation services. (2) the northern zone, currently most of
it is agriculture land and the strategic plan of the city
neither suggested new uses nor included urban regulations
to control future expansions.
On one hand, it would be safer to follow the worst
scenario to advise future development and the following
recommendations could be applied to avoid risk:
 All residential uses at risk should be removed to the
western expansions of the city, instead of upgrading
them; especially they are classified as slums.
However, the most recommended use for these areas







in the future is artificial forest or ant intensive
plantation projects.
The suggested area for public facilities within the
southern zone is also recommended for more flexible
uses: such as recreation areas (e.g. public gardens,
green areas, playgrounds). These uses would help
mitigate the floods and avoid any risk could face the
public facilities.
Including urban regulations to control urban
expansions in all areas at risk; and only allow
agriculture and flexible uses.
Monitoring program should be applied to ensure
clearance of the release channel.

On the other hand, the results of the storm simulation,
raises the importance of alarming systems and the
emergency/ properness plan, to avoid risk in the current or
very near future. This kind of plans would include
assigning safe shelters as temporary alternative places for
the people in the areas facing floods. In addition, it includes
many management actions, which would minimize
damages, including changing traffic directions, artificial
works to turn water to the agricultural drainage network,
etc.

Civil Engineering and Architecture 10(5A): 351-379, 2022

Figure 20. Comparing Model Results with the Recent Strategic Urban Plan for the Study Area
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4. Conclusion
The daily GPM rainfall data is a good choice to
overcome the problem of data lack, especially with high
spatial accuracy 0.05o and temporal accuracy of 1 hour.
GPM rainfall data give the information of the rainfall
amount and distribution over the study area that helps to
simulate what happened in storm November 2021 to
produce the huge damage that mentioned above.
The rainfall amount during the storm was more than the
design storm of return period 50 and 100yrs, which is
used to design the protection works, this made the dams in
both Wadi Al-Kimab and Wadi Umm Buirat without any
effect on impounding water or protecting residential areas.
The encroachments on the course of the flash flood
flow and the construction of facilities in the basins of
valleys and deltas and directly below the mountains led to
increased damage and danger from sudden storms in the
region.
Placing sewage treatment plants downstream valleys, as
the case in Wadi Al-Heita and Umm Buirat, is extremely
harmful to the environment. When sudden storms of high
intensity occur, as happened in the November storm of
2021, it may lead to spillage and leakage of water and
chemicals from the treatment plant and its spread with the
spread of the sewage treatment plants. Floodwaters cause
pollution to residential and agricultural areas, and finally
to Nile waters.
The frequency of sudden storms has increased during
the past ten years as a result of climatic changes, and
therefore the possibility of a storm like November 2021 or
more severe than it is an existing possibility that must be
mitigated. Good urban planning for areas exposed to
sudden storms has an effective role in protecting lives and
private property. The inundation maps give a view of the
safe areas, which can be a good alternative for moving the
places at risk to safe places.
The research concluded some recommendations:
1. It is necessary to establish a rain gauge network in the
Wadi basins, where the stations located downstream
near the Nile valley didn’t record during the storm
2. This area needs an accurate and detailed study
through several field visits to get complete
information about the nature of the place and all
features of the valleys, and to determine the areas and
types of appropriate protection works.
3. The future development plan must take into account
the possibility of such storms occurring again, and
avoid the places exposed to the dangers of torrential
rains and develop a plan for protection work to
protect the areas exposed to the dangers of torrential
rain.
4. Within the frequent occurrence of sudden storms, it is
necessary to reconsider how to take advantage of
flash floods and transform them from destructive
floods to stored water that can be used. As the rain
harvesting techniques used in similar areas such as

5.

mountain lakes in some areas in Sinai and artificial
lakes upstream protection dams that are built in the
valleys basins that flow east into the Red Sea or west
on the Nile River. It is possible to take advantage of
the quantities of water by directing it to refine a
stream to flow into the Nile River.
Such simulation and prediction models of flash floods
would support development and urban plans, as it
highlights unsafe areas in both the present and the
future. The results of latter would advise more
sustainable future, which allocate flexible uses in
areas at risk to mitigate the hazard and avoid damages.
However, the earlier support developing preparing
hazard management plans to minimize damages. In
addition, it raises the importance of monitoring
programs and planning regulations.
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