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ABSTRACT

Flooding risk assessment clearly shows the urgent need for an evaluation planning program to
mitigate hazards for vital areas. Because of the rising urbanization and climate change, flood
risk management has gained importance. to implement methods and policies for urban
development that are sustainable. In recent decades, studies on the management of flood risk
and spatial planning have shown that there is a shared understanding of the notion of flood
resilience in the formulation of policies and strategies. A number of governmental and
investment initiatives, including those related to industry and tourism, have recently been
launched in the Wadi Ghoweiba coastline zone. The drainage network of Wadi Ghoweiba is
made up of long, wide channels with steep sides and a floor that is highly inclined. Due to these
characteristics, there is a good chance that significant volumes of rainfall may fall and cause
damaging flash floods into the Gulf. Delineating drainage networks is essential to predict
surface water runoff and consequently the flash flood hazards. Wadi Ghoweiba networks and
sub-basins are studied here to compute its morphological and hydrological parameters as to
assess their risk degree and classify their relative vulnerability. Using the calculated
morphological and hydrological data, the investigated watershed is ranked in order of flood risk
as part of the flood risk assessment technique. This research uses DEM data in GIS-
Environment to analyze Wadi Ghoweiba's flooding risk. According to the ranking hazard and
El-Shami method, two sub-basins are High of flooding hazard, one sub-basin of very high
hazard, and two of extremely hazard. Therefore, we recommend that decision-makers build
some dams downstream of sub-basins that have a high hazard degree to reduce the risk of
flooding or create artificial lakes to receive rainfall water and for sustainable development in
the present and future, especially in the promising areas like Wadi Ghoweiba basin. Our findings
can be a potential guide to decision-makers in disaster geohazard reduction.

KEYWORDS: Flash flood, GIS, Remote sensing, Hazard assessment, Wadi Ghoweiba.

s o goull gl Ay g (531 g Jabw Ay AplaBY) Alhalall o Aol Cliladl) jhlie and

2048 s TRl gl gl

an T1516 da ol cda gund daalas ¢ slall LS el 5l gaal) !

(Lsaul) a5V daala caslall BS Lia ) ol a2

elsayed.abdelaziz@science.au.edu.eg : il Calll S5 5V & pall*

269 JAUES, 19, 72, 2024


mailto:elsayed.abdelaziz@science.au.edu.eg
mailto:elsayed.abdelaziz@science.au.edu.eg

FLASH FLOODING HAZARD ASSESSMENT ON THE ECONOMIC AREA IN WADI GHOWEIBA COASTAL ZONE,
GULF OF SUEZ, EGYPT

uadlall

4 puaa) Lpaiil) il i)y Ol Jal o FUal 5 dag paal) &y yumal) Gyl Gga) go L Gsaal ST clilagll llia 5,1 Caspal
sle 50 sehe a8 AS jidia (U Auaie dsa 5 S Tagadill g cliliagll i 5 1) Jsa Glagl) @edal 6 Al el JMA Aalaisall
pa sSall At (ge aedl 3 pdlaad 3 5AY) il i) & Alalidl Ay e (505 dihaie LA &5 bl Y 5 lulpall aica 8 Gl da glis
Buad (il gas ) Alle Gl ld Ay sha g Aaiinn s Aaaal 5 938 (e Ans (935 o ASed (5SE  (Raleadl 5 Leliall) 4 laiuY
o paal) e 0n7 aey mlal) 35 00 LS mland) e A8 HUaeY) (e b S eSOl 45 ga U5 ) ol Jaall 028 35 ylaniy]
dallae Sl Lo il aal sal s A e (5305 ClSad Al o La o Aaliall cilibiadll jlalae Jll s Lndad) sball o yas il Gy 5 i 154l
slall Claanivue Cinal o liliadll jlalise aui dangie Jaidi | aill W il (g0 Gl s Lei ) shaa da 5wl Ao 5l 5 juel) s a5l ) 5all
($ 5 b cililiadl) jhalie i 3850 e2n Cgd Ay gunall Dn ls yuell s Ao 515 sal) labeal) e 5l lilial il 85 du 5 0l
alainly (al sall 4y jia sh ) gal) Cidlenal) Jilas il 50 IS (e Al jral) e slaall alas Ay 8 4pad ) el Y1 z3la cilily aladiuly dy 56
b 4l e A5 o shall pad Laasl of e glitas dy e (5315 ki 8 Gue 8 Guiass O G i il 48l ISy ol 48 5k

s g3l 5 sl ld QA aui e e bl e jrall il sheall alai o sl sAzalifal) cilalsl)

INTRODUCTION

Flooding in important areas has attracted increasing attention due to increasing flood events and
damage, causing huge loss of life and property damage globally. Fast food is one of the most
important risk phenomena in catastrophic natural disasters in the world, causing the most deaths
and property losses [1- 4]. many reserchers deal with studied the topography and geology setting
of the area, eg, [5 -15].

Geonatural hazards are extreme weather events causing damage and flash flooding, storm
surges, and sand and dust storms. Rainfall is considered one of the most strong natural hazards;
sometimes, it causes death for people. The development of sustainable new national projects always
needs to be good planning by decision-makers. The detection and evaluation of geonatural hazards,
such as flash flooding, are very important.

Wadi Ghoweiba basin is a promising desert region for sustainable development in the future. It
is considered a part of the great national project of Egypt for economic industrial and tourism and
for the development of new urban communities to accommodate the increase in population projects
in Egypt’s vision 2030. As well as, the study area is one of the most important desert areas that
decision-makers are concerned with in Egypt.

The Integration between Remote sensing data and the GIS environment is a very important tool
to evaluate flash floods' hazard. Several studies have been carried out from different localities over
the world interested of watershed basin using morphometric parameters analysis [16-24]. Syvitski
et al. [25] observed that a strong flash flooding and high runoff due to rainfall intensities. Floods
are one of the foulest geo-natural affecting the socio-economic life of people every year. In the
period between 1985-2003, about 82% of the world's population occupied about one-third of the
earth's surface are subjected to several flash flooding (World Bank 2005).
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Recently, many authors were studied hydro-morphometric parameters of drainage basins to
detect flash flood hazard to study and analyze impact resulting it on the sustainable development,
the human life, infrastructure and vital sites of new urban communities [26-31].

Many methods can be applied to study the flash flood vulnerability of the watershed sub-basins
such as El-Shamy approach and ranking method. El-Shamy [32] indicated that to minimize the
deleterious effect of flash floods, it is required to analyze the morphometric parameters of the
drainage basins that can identify catchments more vulnerable to flash flood generation. Abdalla et
al. [33] studied the Southern Red Sea Coastal area and they used GIS-based morphometry and El-
Shamy approach for relationships detection between the flash floods occurrence and groundwater
aquifers recharge. Abdel-Lattif and Sherief [34] determined hazard degrees based on El-Shamy
approach to make risk zone map of Wadi Sudr and Wadi Wardan, Gulf of Suez, Egypt, and they
concluded that both wadies are affected by the flash flood hazard. Asode et al. (35) applied the
morphometric analysis and El-Shamy approach for identification the flood hazard possibility for
the four catchments of Hirehalla sub-basin, India. In the last decades, Egypt has been affected by
several flash floods due to it exposed by heavy rainstorms; such as flash flood of November 1994,
flash floods (17-18 January, 2010), (March and May, 2014), (3-4 November. 2015) and (27-28
October. 2016). On 23 October 2019, capital of Egypt affected flash floods leaved behind of 11
person deaths, (http://floodlist.com/africa/egypt). The morphometric parameters derived from
DEM data in the GIS environment represent an important method for mapping the flash flood
hazard for conservation and hydrological maintenance in the study area. Wadi Ghweiba mega-basin
consists of five sub-basins.

Hydromorphometric parameters are divided into three categories: (1) linear aspects, (2) areal
aspects, and (3) relief aspects. Linear, areal, and relief aspects. The linear morphometric aspects
involve several one-dimensional (x-axis) stream properties, such as stream order, stream number,
stream length, bifurcation ratio, and length of overland flow. The areal morphometric aspects
consist of two-dimensional (x- and y-axes) parameters that characterize the drainage basin, such as
basin length, basin perimeter, and basin area. Finally, the relief morphometric aspects consider the
three-dimensional parameters such as basin relief, relief ratio and Ruggedness number.

The present paper is an attempt to detect, evaluate and manage the flash food risk of the Wadi
Ghoweiba basin using Remote Sensing and GIS techniques. It aims to apply a quantitative scheme
through calculating and analyzing the most effective hydrological morphometric parameters in
order to provide more understanding hydrological behavior. In addition, it aims to examine the
morphometric factors and topographic aspects in order to represent the flash flood hazard

susceptibility map.
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Description of the study area:

Wadi Ghoweiba is consedierd one of the most important wadis in east of Egypt at Gulf of Suez.
Wadi Ghoweiba lies in the northwestern tip of the Gulf of Suez (Fig. 1). It covers the area between
the north part of El-Galala El-Bahariya plateau and Gabal Abu-Treifa to the north. Wadi Ghoweiba
is bounded by long. 31° 44" and 32° 24" E and lat.s 29° 31 and 30° 00" N. it is covering an area of
about 2897 km?. Wadi Ghoweiba and its tributaries is draine and ultimately flow into the Gulf of
Suez. Geologically, the Wadi Ghoweiba is mainly covered by different sedementary rock units. A
geological map of the Beni Suef sector [36] was helped to identify the rock units (Fig. 2).
Structurally, two structural provinces are affected in the study area; the Gulf of Suez watershed and
the fold of Syrian arc system. So, the current area faces a complex of high lithology and tectonic
forces. These forces are one of the main reasons for the formation of some river valleys east and

west of the Gulf of Suez, such as the Ghoweiba Valley.
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Fig. 1: Location of the Wadi Ghoweiba Watershed.  Fig. 2: Simplified geological map of the study area

(after Conoco, 1987).

The current investigation is divided into three geomorphological zones. The eastern and central
low-lying regions of the examined area were included in the first zone, which is the coastal plains
sector (low lands) (0-300 m). The second sector is made up of hilly terrain that is between 300 and
900 meters above sea level. Gabal El-Galala plateau (300—600 m) is the third sector (Fig. 3a). Maps
of elevation, aspect, and slope (Figs. 3b, c, d) allow us to compare low locations to adjacent areas
and determine the likelihood of significant rainfall accumulating and running before floods occur.
According to [5, 37], the present area includes six major geomorphic units, namely, Gulf of Suez
coastal plain, Wadi Ghoweiba structural plain, El-Galala El-Bahariya, Akheider, Gabal Ataqa and
Kehaliya-Um Zeita structural plateaux.
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Fig. 3: Outputs derived from DEM data of the study area, (a)Topographic classes, (b) Elevation, (c) aspect,

and (d) slope maps.

Most of flooding is happening based mainly on climate change. Average rainfall amounts from
2013 to 2022 range from 0.1 mm/month in July to 17.783 mm/month in May (Fig. 4); recently, the
study area is hit by several heavy rainstorms. The rainfall data were collected and obtained based
on the PERSIANN-CCS site (http:/chrsdata.eng.uci.edu). These data help to determine the amount of
precipitation that should be assigned to each cloud’s pixel based on a certain curve that depicts the
correlation between the rate of precipitation and brightness temperature. Consequently, the study
area based on these data, rainfall rate is rare in four mounths (June, July, August and september),
while May, February, December and April were recorded highest amount of rainfall in the last ten
years (Figs. (5a, b, c& d) and Table. 1).
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Fig. 4: Average monthly rainfall over the study area from 2013 to 2022.
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Fig. 5: Rainfall concentration from the PERSIANN-Cloud Classification System (PERSIANN-CCS) (a). 2019,
(b). 2020, (c). 2021, (d). 2022 in the study area.

Table 1: Monthly average precipitations for the last 10 years collected rainfall data between 2013 and 2022
obtained from the PERSIANN-CCS.

2013| 2014| 2015| 2016| 2017| 2018 2019| 2020 2021| 2022 | Average

January | 23.01 | 14.09 | 18.68 | 3.25 | 31.56 | 1.44 | 22.15 | 877 | 4.36 2.09 12.94

February | 16.57 | 6.68 | 25.1 | 11.36 | 0.95 | 68.82 | 274 | 2.03 | 10.93 | 5.47 17.531

March 1432 | 5.18 | 2558 | 3697 | 11.5 | 19.18 | 423 | 21.39 | 1.47 | 10.99 15.081

April 0.49 |23.69 | 391 |18.02 |22.12 | 3587 | 20.78 | 2.2 | 12.38 | 21.07 16.053

May 529 | 522 | 0.74 | 12.12 | 17.24 | 55.85 | 14.4 | 11.44 | 4.65 39 17.783

June 0.13 | 0.05 | 0.93 1.39 0 0 54 0.39 0 0 0.829
July 0 0 0 0 0 0 0 0 1 0 0.1

August 0 0 0 0 0 0 0 0 5.38 0 0.538

September | 0 0 2.18 0 0.12 | 9.49 0 0 0 0 1.179

October | 0.74 0 10.65 | 7.76 | 0.01 |22.42 | 0.71 149 | 824 1.76 5.378

November | 16.62 | 19.26 | 22.01 | 19.16 | 5.09 | 16.05 | 7.94 | 5.29 | 3.88 1.96 11.726

December | 17.63 | 16.55 | 0.62 | 13.23 | 49.65 | 16.34 | 1.35 | 10.03 | 48.62 0 17.402

3. Data used and methods:

The DEM 90 m data have been applied and processed in GIS environments in this study.
Through the use of GIS, digital elevation models (DEMs) were created using data from the SRTM
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with spatial resolution about 90 m cell size. Four thematic relief maps were extracted from DEM
data: elevation, aspect, topographic contour, and slope maps. Moreover, these valuable data are
useful to extract the hydromorphometric parameters of the sub-basins in the study area. ARC GIS
10.2.2, ERDAS IMAGINE 14, and ENVI 5.1 are very effective software programs used in
preparing and processing DEM data to extract various hydromorphometric parameters as results
maps.

The first step is create and automatically retrieved of the stream networks and the watershed
(38). The streams that were collected were automatically categorized using the drainage order
proposed by [39, 40]. According to [41], the order shows the relative positions of stream segments
within drainage basin networks. One of the important data used in recorded and estimated rainfall
rate is the PERSIANN-Cloud Classification System (PERSIANN-CCS) which is a real-time global
high resolution (0.04°x 0.04° or 4 km X 4 km) satellite precipitation product developed by the
Center for Hydrometeorology and Remote Sensing (CHRS) at the University of California, Irvine
(UCI). A geologic map of Beni Suef sheet [36] was used to recognize the different rock types.
Many tools are used to process, enhance, and interpret remotely sensed raw data. Two such tools
are Envi 5.1 and ARC GIS 10.2.1, which are excellent programs for preparing and processing DEM
data so that different morphometric parameter result maps may be extracted.

Based mainly on utilizing the Arc Hydro tools in spatial analyst of ARC GIS the morphometric
parameters of the study area were extracted and mapped to the watershed system. The watershed
and the morphometric parameters results were extracted automatically based on Arc Hydro
functions such as Fill Sinks, Flow direction, Stream definition, Stream segmentation and Stream
order.

Two methods were applied in the current study to detect flash flood hazards: El-Shamy’s [32]
approach and the ranking method. Furthermore, the integration between these methods clearly

helps us assess the flooding hazard of the studied sub-basins.

4. Results and discussion:

The Wadi Ghoweiba mega-basin classify into five sub-basins watershed to detect different
properties of the hydrologic networks and define the most potential areas for flash flooding. These
sub-basins from north to south are Wadi Gharaba, Wadi Ghoweiba, wadi Khafuri, Wadi No"at and
Wadi Khashm El-Galala. Table 1 shows the formula of morphometric parameters which used in
the present study.

This study discusses three primary hydromorphic parameter features, which are divided into

three categories (real, relief areal aspects).
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Table 2: Morphometric parameters of drainage network and their mathematical expressions.

Morphometric Parameter Definition and Formula Reference
A Linear Characteristics of the Drainage Watershed
1 Stream Order (Su) Hierarchical Rank Strahler (1952)
2 Stream Number (Nu) Nu=NI+N2+Nn Horton (1945)
3 Stream Length (Lu) Kms Lu=LI1+L2...... Ln Strahler (1964)
4 | Mean Stream Length (Lum): GIS Software Analysis Kant et al. 2015
5 Mean bifurcation ratio (MRs) The ratio between the number of streams of any given order to the Schumm (1956)
number of streams in the next higher order
Strahler (1964)
6 The drainage basin length (Lv) The longest dimension of the basin which parallels to the Schumm(1956)
principal drainage (km)
7 Length of overland flow (Lg) Lg=1/(2xDd) Horton (1945)
B Areal Characteristics of the Drainage Watershed
1 The area of drainage (A) GIS Software Analysis Schumm(1956)
2 Basin perimeter (P) Total length of outer boundary of drainage basin GIS Schumm(1956)
Software Analysis
3 Stream frequency (F) The ratio between total number of streams and area of the Horton (1932)
basin. F=Nu/A
4 Drainage density (Dd) Dd=Lu/A Horton (1932)
5 Constant of Channel The length of stream channel per unit area of drainage Schumm(1956)
Maintenance(C) basin.
C=1/Ddor C=A/XLu
6 | Circularity ratio (Rc) The ratio of basin area to the area of a circle having the Miller (1953)
similar boundary as the perimeter of the basin Rc = 12.57
*(A/P2)
7 Elongation ratio (Re) The proportion between the diameter of the circle of the Schumm (1956)
same area as the drainage basin and the maximum length
of the basin Re=2/Lb * (A /n) 0.5k
8 Lemniscate Ratio (K): K=L2/4A Chorley (1957)
9 Compactness Ratio (Co) the ratio of the perimeter of the basin (P) to the perimeter Wisler and Brater,
of a circle of an area equal to that of the basin 1949
Co=P/2VAn
. Zavoiance (1985
between the stream density and frequency (1983)
of a specific basin If= Dd/F
C Relief Characteristics of the Drainage Watershed

Relief ratio (Rh)

The relief ratio is the ratio of maximum relief to horizontal
distance along the longest dimension of the basin parallel
to the principal drainage line is termed as relief ratio

Taylor and Schwarz,
1952

Schumm (1956)
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Rh=H/Lb

2 Form Factor (F): mathematical factor that defines the ratio between the area Horton (1932)
of a basin and the square of that basin’s length

Ff=A/Lb?
3 Texture ratio (T): The ratio of the total number of all streams to the basin Schumm (1965)
perimeter R=>Nu/P
4 | Ruggedness number (Rn) The product of the basin relief and its drainage density Patton & Baker (1976)

Rn = Dd * (H /1000)

5 Basin relief (Bh) The maximum vertical distance between the lowest and Strahler (1952)
the highest points of a sub-basin.

Bh = Hmax - Hmin

Shape Index (Si) K=p¥A | e

These criteria take into account the basin's surface and subsurface geology, structures, and
hydrologic conditions in order to forecast areas that may be vulnerable to flooding. One-
dimensional (x-axis) stream features, such as stream order, stream number, stream length, mean
stream length, stream length ratio, bifurcation ratio, and length of overland flow, are included in
the linear morphometric aspects. These parameters are calculated using standard methods and
equations. The areal aspect consists of two-dimensional parameters which discribe the drainage
networks, such as basin length, perimeter, and area. These parameters are calculated from DEM
data in the GIS environment. Others areal variables, such as basin form factor, elongation ratio,
and infiltration rate are computed according to the equations in Table 2. Finally, the relief
morphometric aspect considers has the three dimensional parameters such as Basin relief, relief
ratio and Ruggedness number. There are notable topographic differences, ranging from 15 m (asl)
downstream to 1300 m (asl) upstream, according to the SRTM DEM results. The northeastern
region, which is the highest point on the slanted plateau, is where the catchment area is situated.
The quantitative information of the morphometric analysis basin is supplied by the invaluable and
efficient efforts of remotely sensed data via GIS. The Wadi Ghoweiba mega-basin's area (A) and
perimeter (P) are approximately 2930.61 km?2 and 753.64 km, respectively.

Hydromorphometric Parameters Analysis

5.1. Linear Parameters:
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The linear hydromorphometric parameters of sub-basins at the study area were tabulated (Tables
3 and 4). Several important hydromorphometric parameters of linear aspect are discussed in this
paper such as, stream orders (Su) and stream numbers (Ns).

The first step in the calculation of a drainage basin analysis is stream order (Su). It is one of the
most significant parameters of hydrogeomorphology to investigate and measure the size of the
catchment water paths. Stream orders range from the fifth order to sixth order of sub-basins
(Fig.6a). The stream numbers values are obtained using the Horton's [42] method. The total number
of streams is the number of channels through a fixed order [42] and it progressively decrease with
the increase of stream orders. The highest of the steam numbers are recorded in Wadi Khafuri and
Wadi Ghoweiba sub-basins (948 and 887, respectively) (Fig.6b). These results are extremely
important in investigating catchment characteristics such as the drainage pattern [43-45]. We noted
that the nature of the rocks is considered an important factor for observing why lower order streams
have high numbers.

When examining a drainage network system, total stream length (Lu) and basin length (Lb) are
crucial variables to consider. The Wadi Khashm El Galala sub-basin has the shortest known value
of Lu at 105.73 km, while the Wadi Khafuri sub-basin has the longest recorded value at roughly
1502.10 km. The Wadi Ghoweiba sub-basin has the longest values of Ly at 58.5 km, whereas the
Khashm El Galala sub-basin has the smallest values at 11.05 km (Table 4, Figs. 6 ¢ & d).

Table 3: The total number of streams (Nu) with different Orders in Km, in each of the drainage sub-basin in
the study area.

. st ed rd th th th

Wadi 1 2 3 4 5 6 Total BR1 BR2 BR3 BR4 | BR5 | BR6 | MBR
stream

name numbers

No'at 230 | 52 16 | 7 1 306 4.4230 | 3.25 2.2850 | 7 0 0 4.23

Khashm 52 20 4 2 1 79 2.6 5 2 2 0 0 2.9

el galala

Wadi- 248 | 55 22 |3 1 329 4.5090 | 2.5 7.3330 | 3 4.335

Gharbal

wadi- 723 | 174 | 44 | 6 1 948 4.1551 | 3.954 | 7.3330 | 6 5.360

khafuril

Ghweibba | 677 | 158 | 37 | 10 | 4 1 887 4.284 4.27 3.7 2.5 4 0 3.751
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Table 4: Morphometric parameters of drainage network derived from DEM.

Area total bas perm ba Circ comp Const den Freq Elon infelt lemn leng Reil Rugg Sha For Text
(km2) Lengt in eters si ulari actnes ant of sity uenc gatio ratio iscat thof | ef ednes pe m ure
h len n ty s Chan y n n e over Rati s Inde fact Rati
gth wi nel Ratio | num land o X or o
dt Maint ber
h enanc
e
No'a 3475 546.2 40. 122.0 10 0.29 1.848 0.636 0.34 0.88 0.51 1.38 1.17 0.31 0.02 0.008 42.8 0.00 2.50
t 11279 51008 45 9656 095 175 423 0547 9839 4127 7435 808 694 57 981 116 621
6 9 3 8 3 5 3
Kha 70.23 105.7 11. 47.98 5. 0.383 1.615 0.664 0.41 1.12 0.85 1.69 0.43 0.33 0.04 0.015 327 0.00 1.64
shm 4487 34047 05 1811 1 471 499 256 117 4804 5387 3328 486 212 704 625 795 628 645
el 3 7 8 6 4 2 7
galal
a
Wad 353.9 438.2 33. 100.1 12 0.443 1.501 0.807 0.53 0.92 0.63 1.15 0.78 0.40 0.00 0.002 28.3 0.00 3.28
i- 62458 9811 3 4227 1 667 91 584 770 9477 7385 0936 3197 379 690 789 320 184 532
Ghar 7 1 4 2 7 3 3 6
bal
wadi 1149. 1502. 44. 183.1 21 0.430 1.524 0.765 0.50 0.82 0.85 1.07 0.43 0.38 0.02 0.008 29.1 0.00 5.17
- 8069 10643 5 7653 5 745 272 463 218 4486 9647 7108 0561 273 213 472 819 051 533
khaf 5 9 3 2 5 8 5
uril
Ghw 1009. 1265. 58. 300.2 29 0.140 2.666 0.797 0.29 0.87 0.61 1.10 0.84 0.39 0.00 0.002 89.3 0.00 2.95
eibb 10318 57213 5 4852 4 705 971 349 897 8998 2604 24 7844 867 752 999 359 063 421
a 9 3 5 5 2 5 1 3 9

The area (A) of the sub-basins in the present study vary ranges from 70.23 to 1149.80 Sq
km are recorded in Wadi Khashm El Galala and Wadi kauri sub-basins respectively, while the
perimeter values are between km 47.98 km in Wadi Khashm El Galala sub-basin to 300.24 km in
the Wadi Ghoweiba sub-basin (Table 4, Figs.7 b, c).
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Fig. 6: (a) Extraction of stream orders of drainage network, (b) Stream numbers, (c) Stream length and (d)
basin length of studied sub-basins.

5.2. The Bifurcation Ratio (Rb):

Rb values in the studied sub-basins range from 2.9 to 5.36 (Table 3, and Fig. 5a).thses values
refer to that sub-basin is less structurally controlled in the study area. Strahler, [40] stated that sub-
basins which have bifurcation ratio values range 3.0 to 5.0 are characterized by little or no geologic
structure distortion. The highes values of Rb are recorded in (Wadi Khafuri sub-basin, the highest
values indicate a slow surface flow. This values of Rb mean elongated shape of sub-basin, therfore,
flooding hazard may be tends to reduce. On the other hands wadi khash El-Galala and Wadi
Ghoweiba sub-basins have lower values of Rb about 2.9 and 3.751 respectively; these indicate
increase the efficient of flood potentials [46] reported that small MRD values in drainage sub-basins
indicate a higher flooding risk, whereas high MRDb values suggest that sub-basins have decreased
flooding potential. Structural complexity and significantly lower permeability of a region are

marked by high values of MRb [40].
5.3. Length of Overland Flow (Lg):

Lg is a length of water over the land before it gets concentrated into certain stream channels. It
is an independent factor, also it have direct affected on hydrologic and physiographic development
of the watershed basin, which measures the level of erodibility and influenced by infiltration and
percolation through the soil [47]. There are an inverse relationship between the values of Length

of Overland Flow and hazard of flash floods, and a direct relationship with infiltration rate. There
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is an inverse relationship between Lg values and general slope of the drainage basin. Low value of
Lg means more runoff, high elevation, short flow paths and less infiltration. Three categories values
of Lg are recorded low (< 0.2), moderate (0.2-0.3), and high (>0.3). According this classification
all studied sub-basins in the current area belong to high class. Lg values are described in Table 4

(Fig. 7d) for all sub-basins in the study area.

5.4. Stream Frequency (Fs):

Stream frequency is very important parameter of hydromorphometric parameter, which it
depends on several factors such as the structures and lithology setting, infiltration condition, land
cover, and topography. It ranges from 0.824 (Wadi Khafuri sub-basin) to 1.125 (Wadi Khashm El
Galala sub-basin) (Fig. 7¢) with 0.93 mean value, indicating a low relief [48]. The sub-basins which

have high values of Fs indicate more possibilities for flooding.
5.5. Drainage Density (Dd):

Dd is a vital index that used to controls the runoff, where higher values can accelerate the runoff
[49]. It refers to the permeability and roughness potential of the surface layer of watershed basins.
Strahler, [40] counculded that drainage Density is important factor of the linear scale of land-form
in stream-eroded topography and as wells as it may be thought of an expression of the closeness or
spacing of channels. Dd values of studied sub-basins are range between 1.238 (Wadi Gharba sub-

basin) and 1.571 (Wadi No"at sub-basin) (Fig. 71).
5.6. Constant Channel Maintenance (C):

C is the minimum area required for a stream channel with unit length to sustain in a river basin
and can calculate through the assessment of the inverse of the drainage density [47]. Constant
Channel Maintenance values of Sub-watersheds range from 0.636 (Wadi No'at sub-basin) to 0.807
(Wadi Gharaba sub-basin) indicating spatial variation in structural setup and terrain characteristics
of the river basin. All examined sub-basins in the study area shows relatively high C value (> 0.50)
table (4) (Fig 7g), indicating comparatively low structural complexity, greater permeability and
limited runoff characteristics.Low values of Constant Channel Maintenance indicate the structural
complexity of the region with less permeable rocks and high surface runoff whereas high values

indicate high permeability and less structural complexity [40].
5.7. Circularity Ratio (Rc):

Circularity Ratio values in the study area range from 0.140 to 0.443; these values refer that all
basins are elongated shape, as the circularity reached at Rc=1. (Fig. 7h). There is a direct
relationship between structural setting of a sub-basin and it's circularity ratio value. In other words,

281 JAUES, 19, 72, 2024



FLASH FLOODING HAZARD ASSESSMENT ON THE ECONOMIC AREA IN WADI GHOWEIBA COASTAL ZONE,
GULF OF SUEZ, EGYPT

the high value of Rc refers to that study area was subjeced to strong structural deformation, while

the low Rc value indicates no structural disturbances on sub-basins.
5.8. Elongation Ratio (Re):

The elongation ratio is vailt factor oh hydromorphometric parapmeters. In the study area, Re
values of the sub-basins range from 0.519 in Wadi No"at sub-basin) to 0.859 in Wadi Khafuri sub-
basin, revealing that they are oval to more elongated (Fig. 3b). According to [47], the Re values are
grouped into five categories more elongated (< 0.5), elongated (0.5-0.7), less elongated (0.7-0.8),
oval (0.8-0.9) and circular (0.9—1.0). Based on Schumn classification the studied sub-basins fall
under two groups elongate (Wadi No'at, Gharba and Ghweiba sub-basins) and oval (Wadi Khashm
El-Galala and Khafuri sub-basins). Table (4) (Fig. 71).

5.9. Infiltration Number (If):

The infiltration number factor (If) is very important parameters due to use to identify the
infiltration characteristics of various watershed. In the present study, the highest infiltration value
results were recorded in Khashm El Galala sub-basin is 1.693, indicating suitable conditions for a
high ratio value of the infiltration process and a high quantity of runoff. The lowest value of (If) is

1.077 recorded for Wadi Khafuri sub-basin, (Table 4, Fig j).
5.10. Relief Ratio (Rh):

Rh factor is one of the important relief hydromorphometric parameters that show the relief
characterization of the drainage watershed. Relief ratio values in the study area range from 0.0075
to 0.069. The highest value recorded in Wadi Gharba and Khashm El Galala sub-basins, while
lower results were observed for Wadi Ghoweiba sub-basin (Table 4; Fig. k). Generally, the low
value of relief ratio means low relief and the high value means steep slope and high relief. The
higher Rr parameter results define low lag times, sudden peak discharge events, and high

potentialities of flash flood conditions.
5.11. Texture Ratio (Rt):

The texture ratio is an interaction among climate, rainfall, slope, topography, rocks, soil, and
vegetation [45,48]. The highest value of Rt recorded in Wadi Khafuri sub-basin with value of 5.175,
while the lowest value recorded in Wadi Khashm El Galala sub-basin about 1.646 (Table 4; Fig.
71). Morisawa [46] classified basins based on the texture ratio into four categories; (>8 km coarse
texture), (8—20 km medium texture), (20-200 km soft texture) and (<200 km very soft texture).

Consequently, all drainage sub-basins in the present area belong to the first category (coarse
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texture). The Rt of the studied sub-basins range from 1.506 to 5.175 which refers to a moderate

drainage texture.
5.12. Ruggedness Number (Rn):

The ruggedness number (Rn) parameter defines the slope steepness and length describing the
extent of the surface instability. In the studied sub-basins, the Rn values range from 0.0085 recorded
in Wadi Gharaba sub-basin to 0.070 in Wadi Khashm El Galala sub-basin. High ruggedness number
results refer to sub-basins which have steep and long slopes and rugged relief surface and quick

peak flow signatures.

Fig. 7: Morphometric parameters of the study area; a-Mean bifurcation ratio (MRb), b-area (A), c-perimeter
(P), d-length of overland flow (Ig), e-stream frequency (fs), f-drainage density (Dd), g-Constant of Channel
Maintenance (C), h-circularity ratio (Rc), i-elongation ratio (Re), j-i infiltration number (if), k-relief ratio

(Rh), and I-texture ratio (T).

6. Mapping areas of flash flood potentials:

In this work, two methods were used to identify the flash flood threats in the Wadi Ghoweiba
sub-basins are the ranking and El-Shamy's (1992) approachs. In the first, three morphometric
parameters utilize to detect flash flood potentials are drainage density, drainage frequency, and

mean bifurcation ratio as will as they are related in the El-Shamy approach.

6.1 EI-Shamy approach

This technique is employed to identify the connection between the risk of flash floods and the
potential for aquifer recharging. [50, 31, 51 and 35] were among the researchers who used the El-

Shamy technique.Two relationship graphs (drainage density and stream frequency against
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bifurcation ratio) by El-Shamy’s model (1992) were produced to show the relationship between
flood hazard types and recharge of groundwater aquifers (Figs.8a, b). This approach has segmented
the relationship graph into three fields: Field (A) denotes a high potential for groundwater recharge
and a low likelihood of flash floods; Field (B) denotes a high likelihood of floods and a low
potential for groundwater recharge; Field (C) denotes sub-basins with a moderate potential for
groundwater recharge and an intermediate likelihood of floods. Based on the two relationship
graphs a detailed hazard degree map is extracted for all sub-basins by considering the most

conservation condition.

The result values of EI-Shamy approach compute using equations (1) and (2) to assess hazard

degree using the same three parameters.

2(X-Xmin)
Hazard degree = (Xmax-Xmin) +1 (1)
2(X-Xmax)
Hazard degree = (Xmin-Xmax)  +l (2)

In the above equations, X is the value of the morphometric parameters to determine the hazard
degree for each sub-basin. “Xmax” and “Xmin” are the maximum and minimum values of the
parameters of all sub-basins, respectively. However, due to the assessment presented by El-Shamy
which has only three degrees (low, moderate and high), the steps to evaluate flash flood hazards by
the ranking method had been restructured where the hazard scale number has been set to all
parameter starting with 1 (the lowest) to 3 (the highest). So we used number 2 in the two equations
(1 and 2). The actual hazard degree for the sub-basins which have values between the minimum
and the maximum values can be calculated.

According to the El-Shamy approch and two relationship graphs between density and frequency
vs mean bifurcation ratio parameters; one sub-basin represented in the A field is Wadi Khafuri (no.
4). Two sub-basins are plotted in the B field (Wadi Khashm El-Galala (no. 2) and Wadi Ghweibba
(no. 5). Two sub-basins (Wadi No'at (no. 1) and Wadi Gharaba (no. 3) are plotted in the field C.
(Fig. 8 ab & ¢) (Table 5).
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6.2 The ranking method

The ranking method, this method is completed based on equation (3 and 4); herein, the flash
flood hazards directly correlate with the most quantitative morphometric parameters. So, the flood
potential was estimated using calculating the intermediate values between the sample points,
considering a straight linear relationship between them. Equations (3) and (4) are used for direct
and inverse relationship parameters respectively. The hazard degree for all morphometric

parameters are calculated using Eq. 3, but MRb and Lg parameters are computed using Eq. 4.

4(X-Xmin)

Hazard degree = (Xmax-Xmin) +1 3
4(X-Xmax)

Hazard degree = (Xmin-Xmax) +1 4

After being extracted, six hazard degree classes were weighted as follows: There are six different
levels of hazard: 1, extremely low, 2, low, 3, moderate, 4, high, 5, very high, and 6, extreme. As a

result, Table 5 lists the total danger degree for each sub-basin that was determined.

Wadi Gharaba and Wadi No'at are two sub-basins with a high hazard degree (4) based on the
hazard degree ranking algorithm. Wadi Khashm El-Galala sub-basin has been assigned a very high
hazard degree of five. The highly hazard table (6) is the strongest one of the hazard degree effects
in the study area. The Wadi Ghoweiba and Wadi Kharufi sub-basins are represented by this
category. The flood hazard potential map for each of the sub-basins under study is displayed in

Figure 9.
Table 5: Flood hazard assessment using the ranking method based on the three parameters used in EI-Shamy
approach.
(Dd) Sum of
(Rb) Mean (Fs) Stream Drainage hazard
Wadi name bifurcation ratio Frequency, density degree Hazard Degree
No'at 3.177 1.746 5 9.9243 3.308 Highly
Khashm el galala 1 5 4.20 10.20 3.40 Highly
Wadi-Gharbal 3.333 2.39 1 6.73 2.24 Moderately
wadi-khafuril 5 1 1.82 7.816 2.60 Moderately
Ghweibba 2.383 1.726 1.190 53 1.76 Slightly
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Table 6: Flood Hazard degree for morphometric parameters based on the ranking method.

<35 1 | very low
35-40 2 | Low
40-45 3 | moderate
45-50 4 | High
very
50-55 5 | high
>55 6 | extreme
‘ 1.2
a 1
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Fig. 8: Flooding susceptibility: (a) bifurcation ratio vs stream frequency, (b) the bifurcation ratio vs drainage
density, and (c) flood hazard map of the El- Shamy approach in Wadi Ghweibba watershed.
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CONCLUSIONS:

This article reveals that a comparison of the morphometric parameters within drainage networks
derived from DEMs should be considered to determine their differences in the Wadi Ghoweiba
mega-basin. The values for morphometric parameters will vary depending on the data source used
to identify the drainage network, therefore affecting the outcome of the sub-basins on the main
channel.

DEMs remote sensing data and their integration in a GIS environment are very useful for
introducing high progress in flood analyses; then, the impact on social-ecological systems can be
avoided. The data obtained from this work might provide helpful information to the decision-
makers for better action plans and appropriate adaptation strategies. The outcome of this study
showed that remotely sensed data provide useful information on the morphometric properties and
flash flooding potential zones of drainage basins.

According to the current analysis, if the government makes a political choice, sustainable
development on the Wadi Ghoweiba shore might expand quickly along with other economic
activity. The Wadi Ghoweiba watershed's outlet is scattered along the study area's coast and is home
to numerous existing factories, businesses, roads, communities, and tourist attractions in addition

to other human activities that could be built. As a result, flash floods are mostly concentrated in the
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steep primary research region of the basins under investigation; the main streams in these locations
provide a moderate risk.

The sub-basins of Wadi Ghoweiba and Wadi Khafuri are highly hazardous, according to the
results above. These sub-basins feature broad canals, level terrain, and large areas where
manufacturing, urban development, and other human activities are located (Fig. 10). Consequently,

when flash floods, these regions roads, cities, and factories have frequently been destroyed.

ACKNOWLEDGEMENTS

The authors thank the Academy of Scientific Research and Technology (ASRT) Egypt for
financial support for this work. “Water Crisis: Towards More Crops Per Drop, Project NO. 9879”

awarded to Assiut University.

CONFLICT OF INTEREST

The authors have no financial interest to declare in relation to the content of this article.

REFERENCES

[1] Ahmad, W. “Flood Risk Assessment for Non-Gauged Watersheds” Second Regional
Conference on Arab Water, Cairo, Egypt. 25p. 2004

[2] Arnous, M. O & Hamdy A. Aboulela & David R. Green “Geo-environmental hazards assessment
of the north western Gulf of Suez, Egypt”. Journal of Coastal Conservation, 15: 37-50. 2011

[3] Amous, M. O & Ali E. Omar “Hydrometeorological hazards assessment of some basins in
Southwestern Sinai area, Egypt”. Journal of Coastal Conservation, 22: 721-743. 2018

[4] Arnous, M. O, Ahmed E. El-Rayes, Habash El-Nady, and Ahmed M. Helmy “Flash flooding hazard
assessment, modeling, and management in the coastal zone of Ras Ghareb City, Gulf of Suez,
Egypt”. Journal of Coastal Conservation, 26:77. 2022

[5] Sadek, H. “The geography and geology of the district between Gebel Ataga and Gebel El Galala
El Baharyia, Gulf of Suez”. Geol. Surv. Egypt, Cairo,120p.1926.

[6] Salem, A. S. “Geological and Hydrogeological studies in the area between Gebel Ataga and
Northern Galala, Egypt " Ph.D. Thesis, Fac. Sci., Zagazig Univ., 268p. 1988

[7] Youssef, M. 1. and Abd Rahman, M. A. “Structural map by remote sensing of the area between
Gebel Ataga and the Northern Galala Plateau, Gulf of Suez Region, Egypt”: Tenth Arab
Petroleum Conference Tripoli, Libya, 135 (1-3). P.8. 1978

[8] Abu El Enain, F. M., Ali, M. N. and Ismail, A.S. “Petrography, Geochemistry and depositional
history of Eocene Rocks in the area between Northern Galala and Gebel Ataqa, Western
Gulf of Suez, Egypt”. Annals Geol. Surv., Egypt, Vol. XX., pp. 551-576. 1995

[9] Egyptian Geological Survey and Mining Authority (EGSMA) “Geotechnical studies and
groundwater exploration for the northwestern part of Gulf of Suez”, Internal Report,
No.43/99, 101p. 1999

[10]Mohamed, U. A. “Geophysical Studies on Wadi Hagoul-Wadi Bada, North of Ain Sukhna,
Gulf of Suez”. Ph.D. Thesis, Damietta Fac. Sci., Geol. Dept. Mansoura University, Egypt.
163p. 2001

[11] El Huseini, A. M. “Geophysical and Hydrogeological Studies on EL-Ain Sukhna Industrial
Area, Egypt”. M Sc. Thesis, Fac. Sci. Geol. Dept. Cairo University, Fayoum Branch, Egypt,
154p. 2003

288 JAUES, 19, 72, 2024



FLASH FLOODING HAZARD ASSESSMENT ON THE ECONOMIC AREA IN WADI GHOWEIBA COASTAL ZONE,
GULF OF SUEZ, EGYPT

[12] Geriesh, M.H., El-Rayes, A., and Fouad, A., “Runoff control and management in wadi
Ghoweiba hydrographic basin, northwest of Gulf of Suez region, Egypt”, in In Proceedings
of the 7th Conference Geology of Sinai for Development: Ismailia, Egypt, p. 53-67. 2004

[13] Hassan A. F., Kotb, G., El-Bahnasawy, O. A. and Abdel Mottaleb, M. “Evaluation of Water
Resources in Eastern Desert, Case Study Wadi Ghuweiba, Gulf of Suez, Egypt”. Second
Regional Conference on Arab Water, Cairo, Egypt. 25p. 2004

[14] Abu El Ella, E. M., Abdullah Abbas; Hassan Ibrahim Mohamed. “Runoff Estimation Utilizing
Hydrological Modeling with RS and GIS Techniques for Wadi Ghoweiba Coastal Zone on
The Gulf of Suez, Egypt”. 3rd International Conference on Civil Engineering. ICCE2023,
24-27 October, Hurghada, Egypt, PP.1-20. 2023a

[15] Abu El Ella, E. M.; Abdullah Abbas, Hassan Ibrahim Mohamed. “Applicability of Utilizing
Remote Sensing Rainfall Products Data in Arid and Semi-Arid Poorly Gauged Catchments:
Study of Wadi Ghoweiba Watershed, Egypt" Accepted 5 December.2023, Journal of the
Indian Society of Remote Sensing under publication. 2023b

[16] Gianinetto, M., Villa, P., Lechi, G., “Post-flood damage evaluation using Landsat TM and
ETM + data integrated with DEM”. IEEE Trans Geosci Remote Sens 44(1):236-243. https
://doi.org/10.1109/ TGRS.2005.85995 2. 2006

[17] Haq, M., Akhtar, M., Muhammad, S., Paras, S., Rahmatullah, J. “Techniques of Remote
Sensing and GIS for flood monitoring and damage assessment: a case study of Sindh
province, Pakistan”. The Egyptian Journal of Remote Sensing and Space Sciences 15, 135—
141. https://doi.org/10.1016/].ejrs.2012.07.002. 2012

[18] Hajam, R. A., Hamid, A., Dar, N.A., Bhat, S. U., “Morphometric analysis of Vishav drainage
basin using geo-spatial technology (GST)”. Int Res J Geol Min 3(3):136-146. 2013

[19] Raj, P. K., Mohan, K., Mishra, S., Ahmad, A., Mishra, V. N., “A GIS based approach in
drainage morphometric analysis of Kanhar river basin, India”. Appl Water Sci 1-16. 2014

[20] Matos, B., Pérez-Pena, J. V., Tomljenovi¢, B., “Landscape response to recent tectonic
deformation in the SW Pannonian Basin: evidence from DEM-based morphometric
analysis of the Bilogora Mt. area, NE Croatia”. Geomorphology 263:132—-155. 2016

[21] Abboud IA, Nofal R.A., “Morphometric analysis of wadi Khumal basin, western coast of
Saudi Arabia, using remote sensing and GIS techniques”. J African Earth Sci 126:58-74.
2017

289 JAUES, 19, 72, 2024


https://doi.org/10.1016/j.ejrs.2012.07.002

FLASH FLOODING HAZARD ASSESSMENT ON THE ECONOMIC AREA IN WADI GHOWEIBA COASTAL ZONE,
GULF OF SUEZ, EGYPT

[22] Rimba, A.B., Setiawati, M.D., Sambah, A.B., Miura, F., “Physical flood vulnerability
mapping applying geospatial techniques in Okazaki City, Aichi Prefecture, Japan”. Urban
Sci 1:7. https ://doi.org/10.3390/urban scil0 10007. 2017

[23] Azmeri, A., Isa, A.H., “An analysis of physical vulnerability to flash floods in the small
mountainous watershed of Aceh Besar Regency, Aceh province, Indonesia”, Jamba. J
Disaster Risk Stud 10(1):a550. https ://doi.org/10.4102/jamba .v10i1 .550. 2018

[24] Girma, R., Abraham, T. & Muluneh, A., “Quantitative evaluation of watershed attributes for
water resources management in the Rift Valley Lakes Basin, Ethiopia: a case from Tikur

Wuha river watershed. Appl Water Sci 10, 196. https://doi.org/10.1007/s13201-020-01281-5.
2020

[25] Syvitski, P. M. J, Kettner J. A., Overeem, I., Hutton, W. H. E., Hannon, T. M., Brakenridge,
R. G., Day, J., Vorosmarty, C., Saito, Y., Giosan, I., Nicholls, J. R., “Sinking deltas due to
human activities. Nat Geosci 2:681-686. 2009.

[26] Farahat, M.S., El moustafa, A., Hasan, A., “Developing flash floods inundation maps using
remote sensing data, a case study: Wadi AL-Arish, Sinai, Egypt. Am J Eng Res (AJER), 6,
172-181. 2017

[27] Arnous, M.O., El-Rayes, A. E., Helmy, A. M., “Land-use/land-cover change: a key to
understanding land degradation and relating environmental impacts in northwestern Sinai,
Egypt. Environ Earth Sci 76:263. https://doi.org/10.1007/s12665-017-6571-3. 2017

[28] Hussein, S., Abdelkareem, M., Hussein, R., Askalany, M.,. “Using remote sensing data for
predicting potential areas to flash flood hazards and water resources Remote Sensing
Applications: Society and Environment, V. 16. 100254,
https://doi.org/10.1016/j.rsase.2019.100254. 2019

[29] Elsadek, W.M., Ibrahim, M.G., Elham, M.W., Kanae, S., “Developing an overall assessment
map 14- for flood hazard on large area watershed using multi-method approach: case study
of  Wadi Qena  watershed, Egypt. Natural Hazards, 95:739-767.
https://doi.org/10.1007/s11069-018-3517-3. 2019

[30] Abd EI Aal A., Kamel M., Al-Homidy A., “Using Remote Sensing and GIS Techniques in
Monitoring and Mitigation of Geohazards in Najran Region, Saudi Arabia. Geotech Geol
Eng. V.37 p 3673-3700. https://doi.org/10.1007/s10706-019-00861-w. 2019

[31] Kamel, M., Arfa, M. (): “Integration of remotely sensed and seismicity data for geo-natural
hazard assessment along the Red Sea Coast, Egypt”. Arab J. Geosci. 13, 1195.
https://doi.org/10.1007/s12517-020-06173-1. 2020

[32] El Shamy, 1. Z. “New approach for hydrological assessment of hydrographic basins of recent
recharge and flooding possibilities”. 10th Symp. Quaternary and Development, Mansoura
University, Egypt, 23p. 1992

[33] Abdalla, F., El Shamy, 1., Bamousa A. O., Mansour, A., Mohamed, A., Tahoon, M. “Flash
floods and groundwater recharge potentials in arid land alluvial basins, southern Red Sea
coast, Egypt”. Int. J. Geosci 5 (09): 971. 2014

[34] Abdel-Lattif A, Sherief Y. “Morphometric analysis and flash floods of Wadi Sudr and Wadi
Wardan, Gulf of Suez, Egypt: using digital elevation model”. Arab J Geosci 5(2):181-195.
2012

[35] Asode, A. N., Sreenivasa, A., Lakkundi, T. K. “Quantitative morphometric analysis in the hard
rock Hirehalla sub-basin, Bellary and Davanagere Districts, Karnataka, India using RS and
GIS”. Arab J. Geosci 9 (5): 381. 2016

[36] CONOCO, “Geological map of Egypt, Scale (1:500,000), NH 36 SW-Beni Suef Sheet”.
Egyptian General Petroleum Corporation (E.G.P.C.). 1987

[37] Abd-Allah, A. M. A. “Structural geology of the area between El-Galala El-Bahariya and Gebel
Okheider”, Ph.D. Thesis, Faculty of Science, Ain Shams University, Cairo, Egypt, 199 p.
1993

290 JAUES, 19, 72, 2024


https://doi.org/10.1007/s12665-017-6571-3
https://doi.org/10.1016/j.rsase.2019.100254
https://doi.org/10.1007/s10706-019-00861-w

FLASH FLOODING HAZARD ASSESSMENT ON THE ECONOMIC AREA IN WADI GHOWEIBA COASTAL ZONE,
GULF OF SUEZ, EGYPT

[38] O’callaghan, J.F. and Mark, D.M. “ The Extraction of Drainage Networks from Digital
Elevation Data”. Computer Vision, Graphics Image Process, 28, 323-344.
https://doi.org/10.1016/S0734-189X(84)80011-0. 1984

[39] Strahler, A. N. “Quantitative analyses of watershed geomorphology”. Trans. Amer.
Geophysical. Union.Vol.38, pp 913-920. 1957

[40] Strahler, A. N. “Quantitative geomorphology of drainage basins and channel networks”. In:
V. T. Chow (ed.), Handbook of Applied Hydrology. McGraw-Hill, New York, pp. 4-40 -
4-74. 1964

[41] Gregory, K. J. and Willing, D. E. “ Drainage basin form and process”. New York, Halsted
press, Div. of John Wiley and Sons, 456p. 1973

[42] Horton, R. E. “Erosional development of streams and their drainage basins: hydrophysical
approach to quantitative morphology”. Geol. Soc. of Amer. Bull., V. 56, pp. 275-370. 1945

[43] Stuebe, M. M., and Johnson, D. M. “Runoff volume estimation using GIS Technique”. Water
Resour. Bull., 26(4), pp 611-620. 1990

[44] Waikar, M. L. and Aditya, P. Nilawar “ Morphometric Analysis of a Drainage Basin Using
Geographical Information System: A Case study”. International Journal of Multidisciplinary
and Current Research. Vol.2. 2014. 2014

[45] Sadia Mazahir, Akram Javed, Mohd Yusuf Khanday “Drainage Basin Characteristics of
Dhund River Basin, Eastern Rajasthan India, Using Remote Sensing and GIS Techniques”.
Journal of Geographic Information System, 14, 347-363. 2022

[46] Morisawa, M. “Quantitative Geomorphology”: G. Allen & Unwin, London, 220p. 1981

[47] Schumm, S. A. “Evaluation of drainage systems and slopes in badlands at perth Amboy, New
Jersy”. Geol. Soc. American Bull, v.67, pp. 14-22. 1956

[48] Horton, R. E. “Drainage basin characteristics”. Trans Am. geophysical union, Vol.13, pp.
350-361. 1932

[49] Youssef, A. M Abdel Moneim, A. A, and. Abu El-Maged, S. A. “Flood hazard assessment and
its associated problems using Geographic Information Systems, Sohag Governorate,
Egypt”. The fourth international conference on the geology of Africa Vol. (1), pp 1-17 (Nov.
2005) Assiut-Egypt. 2005

[50] Elsadek, W. M., Ibrahim, M. G., Mahmod, W. E. “Flash flood risk estimation of wadi Qena
watershed, Egypt using GIS based morphometric analysis”. Applied Environmental
Research 40 (1), 41-50. 2018

[51] Abdalla, F., El Shamy, 1., Bamousa A.O., Mansour, A., Mohamed, A., Tahoon, M., “Flash
floods and groundwater recharge potentials in arid land alluvial basins, southern Red Sea
coast, Egypt”. Int J Geosci 5(09):971. 2014

291 JAUES, 19, 72, 2024



