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ABSTRACT

Watershed management is critical to sustainable development. The topographical, and hydrogeomor-
phological conditions in the western part of the Luxor region give rise to sudden floods. The purpose of the
present study is to map the flood hazard zones in the western part of Luxor by using: 1- linear Watershed
Index Model (LWIM) through the identification of 24 morphometric parameters; 2- DEM, as input to the
GIS environment, using the Arc hydro-Tool; 3- Remote sensing (RS), is built into GIS to detect LU /LC via
supervised classification of Landsat images, for the year 1991/2021, and Dreanig density (Dd) maps; 4-
Integration of LWIM, Dd, and LU/LC maps. Results indicated that agricultural land increased by
approximately (292.7 km?), while urbanization increased by (43 km?) between 1991 and 2021, expanding
toward the western structure plateau. This study concluded that flood areas west of Luxor are confined to the
desert area west of cities Luxor - Arment, and Isna. These areas represent 13.25 % of the hazard flooding
zones. The study proposed to establish small dams with diversion channels in the way of the mainstream
channels with high orders 4™ and directed the water of flood to new canals which joined with the main
canals in the study area, re-design of the desert zone west of Luxor.
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hazard.

INTRODUCTION

Flash floods are characterized by rapid occurrence,
which can be more difficult to forecast to provide
sufficient warning time (Sharma and Mahajan, 2020).
Floods often occur in drylands as a result of condensed
rainfall, which can damage life and infrastructure as a
result of environmental degradation (Abdel-Fattah et
al., 2017). Construction methods such as ditches,
bypass canals, culverts, and ponds are considered easy
and effective traditional methods to reduce the risk of
sudden flooding. The effectiveness of structural
methods depends on the evolution of LU/LC and the
monitoring of random development in flood zones.
(Kumar et al., 2017; Shah et al., 2018). Flood hazard
mapping is essential to clarify land use and develop-
ment in flooded areas where the resulting maps reduce
their impact, and sustainable development of the water-
shed, in addition to protecting against flooding and
drought (Abdelkarim et al., 2019; Pangali Sharma et
al., 2021).

Geomorphological parameters have a direct effect on
the potential and danger of flash floods, in addition to
topography, climate, geological structures, human pro-
cesses, drainage systems, and rainfall features. Several
researchers have highlighted the relationship between
watershed properties and flood impacts (Hassan, et al.,
2012; Rahmati et al., 2016; Jodar-Abellan et al., 2019;
Abu El-Magd et al., 2021). Remote sensing studies
incorporated in applications for geographical inform-
ation systems, make it possible to distinguish topo-
graphic parameters, hydrogeomorphometric para-
meters, land cover, and land use, which are beneficial
for constructing flood risk models appropriate for the
study area (Ebrahimi et al., 2016; Rai 2017; Rana,
2018; Niyazi et al., 2019). Measurable morphometric
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screening takes into account a variety of linear aspects
of the drainage system, such as stream order, stream
length, number of streams, and bifurcation ratio. In
addition, aerial and relief aspects of the watershed,
such as basin relief, relief ratio, ruggedness number,
gradient ratio, basin slope, and relative relief, as well as
the ground's angle of contribution are considered
(Strahler, 1964; Arulbalaji and Padmalal, 2020).

Characteristics of study area

The research area's distinguishing feature can be
summed up as being located on the Luxor Governorate
on Egypt's western bank of the Nile. The area lies
between longitudes 32° 11 and 32° 44 and latitudes 25°
8 and 25° 55 (Figure 1). It is situated in the mid-region
between the western desert and the Nile Valley; it is
delimited in the west by the limestone Eocene plateau
and in the east by the Nile. The geology of the western
region of Luxor is characterized by the Late Cretac-
eous, Paleocene-Eocene, Pliocene, and Pleistocene-
Holocene. The terrestrial surface of the region (Figure
2) is characterized by a change in terrain and altitudes,
classified by four geomorphological units, the young
alluvial plain, the ancient alluvial plain, the eastern
structural plateau and the drainage system as described
by King et al. (2017) and Kamel (2020). Geological
and hydrological conditions produce flash floods,
where other minor surface runoff with rational prob-
abilities of reloading the existing shallow quaternary
aquifer, since 1967. The Aswan Dam has prevented the
annual flooding of the Nile, but devastating floods
occurred in 1994 which destroyed roads and villages
(El- Hosary, 1994; EIl- Shamy et al., 2013). The area is
situated in a dry environment, with extreme air
temperatures ranging from 22.9°C in January to 40.9°C
in July, while the average minimum temperature
swings between 5.7°C in January and 23.9°C in July.


mailto:drmohamedaly4@gmail.com

Flood Hazard Mapping in Western Luxor, Egypt

32°900°E
32°10'0"E 32°20'0"E 32°30'0"E 32°40'0"E 32°10'0"E 32°20'0"E 32°30'0"E 32°40'0"E

=
e
2
io
o~

KUAl Dabeya A/\{Aq. Itah

g wgmmn CityAl Maraqé

Rayaina Bahry

25°30'0"N
25°30'0"N

T{,"\(Kcman E\
' Ksman Elmata

.-+ Al Negoa.gabll
A Qa'na1 | 9
\ Blajsna Cii‘y

@aria2 -\

25°10'0"N

T T T T T =T
32°10°0"E 32°20'0"E 32°30'0"E 32°40'0"E32°10'0"E 32°20"0"E 32°30'0"E 32°40'0"E

Figure (1): Location map of the study area as retrieved from Landsat images 1991 & 2021 (see Mossad et al., 2022).
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Regular monthly relative humidity in the survey area
ranges from 25.0% in May to 55.0% in December. The
mean monthly wind speed varies in time and location,
between 5.9 km/h in October and 9.3 km/h in April.
Rainfall is rare and occurs on a random basis
throughout the year, with a regular monthly value
ranging between 0.0 and 0.3 mm. (Salman et al., 2019).
Therefore, this study explored the LU/LC and
morphometric features to identify the flood risk of sub-
watersheds in the western Luxor watershed. A detailed
hazard map is presented according to the final hazard
degree. This map may serve as a reference for
assessing flood mitigation and management.
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Figure (2): Geological map of the study area, extracted from Map
(CONOCO, 1987)

DATA AND METHODS

The designed flow chart summarizes the metho-
dological processes using ArcGIS (ESRI ® ArcMap™
10.4.1, 2015) and ENVI (ENVI 5.3. 2015) software.
The integration between the constructed geospatial
mapping data and hydro-morphometric parameters to
identify the susceptible flash flood hazard zones in the
West Luxor area was clearly diagrammed in Figure (3).
Different data and tools had been used as follow: 1,
DEM - SRTM (Shuttle Radar Topographic Mission)
~30 m (Figure 4-1, www.usgs.com); 2, Satellite Images
for the study area (Landsat-8-OLI/TIRS, 28-4-2021
and Landsat-5-TM, 17-9-1991) (www.usgs.com); 3,
Topographic Map (1:50,000, EGSA,2006), and
Geologic Maps ( CONCO, 1987, 1:500,000 , EMRA,
2006, 1:100000).

Extraction of study area characteristic maps

DEM has been modified using the fill tool (which
removes errors such as sinks and removes discontinuity
values) in the Arc GIS Hydrology toolset (Figure 2, 4).
The main topographic parameters such as contour,
slope, aspect, and hill shade maps were extracted by
the use of fill-DEM using Arc GIS 3D analysis tools,
and topographic and geological maps were obtained
from the Egyptian Mineral Resources Authority. The

geomorphologic and geological characteristics of the
study area were extracted and updated using the
digitized tool on the Arc map. The LC/LU changes
were derived from Landsat satellite imagery by the
integration of RS-ENVI with GIS-Environmental soft-
ware, through Several steps of the pre-treatment
techniques, such as correcting satellite data (UTM)
projection type, reference WGS 84, and UTM 36 North
area, stacking layers, merging resolution (sharpening),
radiometric and atmospheric corrections, and sub-
sitting of images. Finally, a supervised classification
was conducted to analyze changes in LC/LU. Available
geologic, topographic maps, google earth, and field
observations are considered when interpreting the
images for evolution accuracy. The watershed that
affected the study area is illustrated in the workflow
process extracted by the Arc-hydro tool. Drainage
systems and watersheds were defined and compared to
their equivalents on satellite imagery for the evolution
of accuracy.
Quantitative morphometric analysis

Using the geomorphometric mathematical equations,
GIS software, and the Watershed Modeling System
(WMS), 24 geomorphometric parameters were determ-
ined based on their direct association with flood haz-
ards (Table 1). These parameters include linear aspect
(La), Aerial aspects (Aa), and Relief aspects (Ra).

Flood hazard evaluation

Morphometric parameters were used to control the
risk level of dissimilar sub-basins in the western Luxor
region. The hazard level of the geomorphometric
criterion in each sub-basins area varied between one
(lowest hazard level) and five (highest hazard level)
(Abdelkarim et al., 2019; Pangali Sharma et al., 2021).
The level of hazard degree of the geomorphometric
criteria was evaluated and computed as follow:

HD = 4I}.’-—xr1;|::r:
(X min-Xmax)

Where HD, id hazard degree; X, is the value of the
geomorphometric criterion of a sub-basin; X, and
Xmax are the lowermost and the major values for the
geomorphometric criterion in all drainage sub-basins,
respectively; 1,4 are standard values according to
references.

The Hazard Degree in the Sub-Basins

The level of hazard in the sub-basins basins was
determined in the final stage in two stages:1, the
hazards for all geomorphometric criteria were joined
into one drainage sub-basin. Five hazard classes were
categorized (very high, high, medium, low and very

low). (¥mean— Ymin)
n
Where HCM is hazard class measurements; Npa and
Npin are the maximum and the minimum total sum of
the hazard values for one drainage sub-basin,
respectively; n, is the number of hazard classes.

Determination of the hazard classes
The first class limit was the lowest total sum of the
hazard values for one drainage sub-basin. The second

HCM =
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Figure (3): Flow chart showing the flood hazard mapping process in the Western Luxor region.
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Table (1): Morphometric parameters formula used to identify drainage basins exposed to flood hazards.

Measured  Morphometric Criteria Method used Reference
parameters
@a Stream order (U) Hierarchical rank Strahler (1952)
é'é_ Number of Streams (Nu) Nu=NI+N2...+N6 Horton (1945)
< Stream length in km (Lu) Lu=LI+L2....+L6 Horton (1945)
S S Bifurcation Ratio (Rb) Rb = Nu/Nu+1 Schumm(1956)
E Weighted mean bifurcation ratio WMRb =P (Rbu/Rbu + 1)/(Nu + Nu + 1)/ P N Strahler (1957)
- Stream length Ratio (RL) RL=Lu/Lu-1 Horton (1945)
Area in km? (A) GIS software analysis Schumm (1956)
Perimeter in km (P) GIS software analysis Schumm (1956)
Length of basin in km (L) GIS software analysis Schumm (1956)
Drainage density (Dd) Dd=3YLu/A Horton (1932)
Stream frequency (Fs) Fs = Nu/A Horton (1932)
) Circulatory ratio (Rc) Rc = 12.57*%(A/P?) Miller (1953)
< Elongation ratio (Re) Re =2/ Lb *\(A /) Schumm (1956)
8 Form factor (Ff) Ff = A/Lb? Horton (1932)
s Texture ratio (T) T =Nu/P Horton (1945)
@ Drainage intensity (Di) Di = Fs/Dd Faniran (1968)
S Mean Basin Width (Wb) W,=A/L Horton (1932)
i;: Relative perimeter (Pr) P.=A/P Schumm (1956)
Constant channel maintenance (C)  C=1/Dd Schumm (1956)
Lemniscate ratio (k) K=L,2/4A Chorley (1957)
Wandering ratio (Rw) Rw=C, /Lb Smart&Surkan (1967)
Compactness coefficient (Cc) Cc=0.2841 P/A %3 Horton(1945)
Sinuosity index (S;) S; =CL/V1 Muller (1968)
Topographic sinuosity index (Tsi) Tsi=VI1-1/Cl1 —1x100 Muller (1968)
— Basin relief in m (H) H=Z-z Strahler (1957)
& Relief ratio (Rr) Rr=H/Lb Schumm (1956)
E Relative Relief (ReRe) ReRe = H*100 /P Melton(1957)
é Ruggedness number (Rn) Rn= Bhx Dd Schumn, 1956
< Gradient ratio (Rg) Rg=(Z-2z)/Lb Sreedevi et al. (2005)
“—
% Hypsometric integral (HI) HI = (H mean - H min) Muller (1968)
o (H max — H min)
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Figure (4): Satellite of the study area. 1, SRTM image; 2, Filled SRTM image.
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class limit was the sum of the lowest sum of hazard
values for a drainage sub-basin and the width of the
hazard class. The additional hazard modules were
controlled by repeating same technique. The final
phase was deriving the overall risk category values
within the five hazard degree.

RESULTS AND DISCUSSION

The results of this study demonstrated that there is a
very high risk of flash floods in the evaluation of the
watershed of the western Luxor area by combining
three methodologies; linear mathematical equations of
flood model index with 24 morphometric factors, and
GIS computability with RS.

LULC Maps

Detection of changes in LULC indicated that the
study area is divided into five categories: water,
agriculture, sand dunes, urban, and rocky areas. The
results of the LULC analysis as illustrated in figure (5)
indicate a significant increase in agricultural activities
and urban expansion from 1991 to 2021. Agricultural
land increased by 292.7 km? while urbanization
increased by (43 km?) between 1991 and 2021. The
tendency of agriculture and urban development to the
east, where the high plateau of the geological
structure, thus the new urbanization and reclamation
land in danger of flooding. The LULC map indicated
that the expansion of the urban and agricultural area
through uncontrolled planning led to changes in the
study area's hydrographic and hydrological system
which may lead to urban flooding during heavy
rainfall (Kamel, 2020; Pangali Sharma et al., 2021).

Topographical parameters

The DEM has been classified into eight zones, for
the elevation map, the maximum altitude is close to
610m in the west, where the structural plateau of the
western Luxor region (dissected plateau with its
hydrographic system), while the minimum elevation is
69 m in the outlet of the sub-basins. Figure (6) showed
the elevation, slope, Hill shade, aspect maps of the
study area. The slope map demonstrates that the slope
decreases from west to east and north to south, with a
degree of slope of 0-120 (low slope), moderate slope
(13-250), and a high slope (26-740). The slope faces
are directed towards the east, followed by the north,
the anterior part of the study area characterized by flat
soils. The hill-shaded map is indicated the smooth
topography in the eastern part of the study area
(alluvial plain) while the geomorphic units located in
the west and the north-west are highly dissected,
topographical maps. Topographical features revealed
that the flat earth is small compared to the rising area,
in addition to the main direction of the slope to the
east which indicates a flat area in danger of flooding.
Figure (7) shows the western structural plateau
elevation in the study area.

Quantification of morphometric parameters

The DEM analysis indicated that the study area
contains 34 sub-basins of different sizes, as
illustrated in Figure (8).

Linear aspects

Stream order system (U), has been tabulated accor-
ding to Strahler's (1952) model as shown in Table (1).
Sub-basins recorded 6" orders ranged between the
largest sub-basins (6") to the smallest sub-basins (2").
The total number of streams (Nu) for sub-basins of the
study area recorded as 5335 streams for sub-basins,
4151streams are linked up to the 1% order, 902 streams
are linked U(P to the 2nd order, 210 streams are linked
up to the 3 order, 55 streams are linked up to the 4"
order. In addition, 14 streams are linked up to the 5"
order and 3 streams are linked up to the 6™ order.
Meanwhile, stream length (Lu), which reported as the
total extent of streams, recorded 4832.96 km that
declines with growing stream order, with the highest
values 2379.28, 1214.23, 666.43, 387.73, 142.45, and
42.84 km streams are linked up to the 1%, 2" 3 4"
5" and 6™ order, respectively. Greater slope area and
finer surfaces have smaller stream extents. On the other
hand, extended streams’ lengths designate flatter grad-
ients, the direction of the mainstream to east and east-
north (Asfaw and Working, 2019).

Bifurcation ratio (Rb)

It is the important morphometric parameters that
reflect the basin geometry and its geological structure.
In light of this, the value represents the basin's potential
for water flow. According to Table (2), the majority of
Rb values at the west Luxor sub-basins typically have
values between 2 and 5, indicating that geological com-
ponents do not disturb the drainage pattern (Joji et al.,
2013). Six sub-basins, each referencing the typical
drainage pattern seen in a typical rock, have values
ranging from 3 to 5. Other sub-basins have values in the
range of 2-3, remarking that the sub-basins have deg-
raded from less severe structural deterioration and high-
lighting flat areas. In sub-basins with lower Rb values,
damage and flood hazard are observed to increase
locally rather than over the entire basin (Tesema, 2021,
Strahler, 1964).

Sinuosity Index (Si).

Si is a marker for geologic structure, erosion, and
runoff rate. The Si values recorded, for the study sub-
drainage areas, were ranged from 1.08 to 1.76, as
shown in Table (2). A higher number denotes a low
geologic structure, a strong pace of erosion, and a low
rate of meandering (Khare 2014).

Topographic Sinuosity Index (TSi)

Due to the significance of TSi, which defines the
stage of river basin development with respect to natural
stream flow and development flood plain, this factor
was taken into account. The sub-basins in the research
area had TSi values ranging from 33.33% to 87.5%
(Table 2). The sinuosity analysis makes it clear that the
values of TSi are either at or close to the value of 60%
due to developing topographic limits on the channel in
this area of the alluvial plain (Mueller, 1968; Malik and
Pal,2020).

Avrterial aspect

Form factor (Ff)
The ratio of basin area to the square of basin length
is termed as the form factor (Horton 1932). It varies
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from zero, which considered a highly elongated shape, arerve sreeve s
to one, which is considered a perfect circular shape g
(Pareta and Paret, 2011; Choudhari et al., 2018). It is
clear from Table (2) that the largest sub-basins in the *
study area have a low (Ff) value ranged from 0.13 to
0.54, signifying the elongation in their shape. However,
sub-basins B14, B21, B28, and B3land B33 that have
high values ranged from 0.76 to 1.54 that display £
circular shape are considered exception. Flood flows of
such elongated basins are easier to be managed than
those from circular basins (Farhan et al., 2016).
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Figure (5): LULC maps produced by supervised classification
techniques, area of LULC classes as a percentage of all landscape
classes between 1991 and 2021.

Circularity ratio (Rc).

Rc is the ratio of the basin's surface area to the
surface area of a circle having a radius between 0.4
and 0.5 and a perimeter equal to the basin's (Miller,
2003). The value of Rc is a dependable indicator for
determining the drainage discharge of sub-basins
during a flooding season (Jha, 1996). In our study
area, the RC values ranged from 0.00 to 0.34 and
indicate sub-basins with tributaries in the youth
stage, sub-basins that are not circular but rather
more elongated in shape, low runoff, which allows
for ample time for water infiltration and indicates
that the subsoil condition is highly permeable, and
structural instability cont-rolled by drainage systems
(Kuntamalla et al., 2018).

Elongation ratio (Re)

The ratio of the diameter of the circle in the drainage
basin's area to the basin's longest possible length is
known as Re (Schumm, 1956). The value of the
elongation ratio ranges from 0.6 to 1.0. (Strahler,
1952). All sub-basins in the research area have
elongation ratio values less than 0.5, indicating more
outline elongation, while sub-basins B14, B21, B28,
and B33 have elongation ratio values ranged between
0.5-0.70, indicating elongation shape (Biswas, 2016;
Rai, 2019).

Drainage density (Dd)

It has also been demonstrated that the basin with the
highest stream density and drainage is most susce-
ptible to flooding. Dd is thought to indicate the runoff
and discharge condition of a basin (Horton, 1932). The Figure (6): Elevation, slope, Hill shade, and aspect
majority of the sub-basins in the study area (Table 2) maps of the study area.
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Table (2): The values of the geomorphometric characteristics of the drainage sub-basins influence the west Luxor area.

Hazard Degree’

gg:)in Direct impact Indirect impact

A Lb Nu Rc Fs Dd Si Ry Wb  Pr H Rr RRe Rn Rb Re Rf T Tsi oy Cc  Rw HI K
B1 53048 4500 12927 030 245 240 131 001 1154 360 053 036 001 128 340 029 027 883 7609 456 183 101 037 094
B2 43237 53.43 10028 0.16 2.71 2.32 1.68 0.03 10.49 2.31 0.50 0.27 0.01 1.16 3.45 0.22 0.15 6.27 59.09 4.33 2.55 1.63 0.48 1.65
B3 340.91 4041 78394 0.15 3.16 2.30 1.57 0.03 9.47 2.02 0.54 0.32 0.01 1.25 4.45 0.26 0.21 6.37 63.04 5.57 2.60 1.31 0.48 1.20
B4 24488 2176 61245 034 197 250 134 002 821 256 044 046 002 109 277 041 052 506 7357 365 173 097 047 048
B5 11656 2500 23911 005 217 205 156 007 595 069 044 026 002 090 300 024 019 150 6307 401 445 161 050 134
B6 116.33 22.00 291.38 0.07 2.30 2.50 1.49 0.07 5.95 0.78 0.51 0.34 0.02 1.27 3.06 0.28 0.24 1.79 66.24 4.30 3.94 1.66 0.38 1.04
B7 7274 1950 168.64 004 254 232 150 010 486 046 015 009 001 034 292 025 019 118 6520 465 524 174 045 131
B8 3911 1750 8712 003 271 223 127 016 371 033 013 011 001 028 333 020 013 088 7789 505 544 190 047 196
B9 3216 1270 6935 005 308 216 142 015 341 037 044 052 003 096 251 025 020 115 6831 450 432 161 049 125
B10 2677 1420 57.63 002 280 215 148 022 315 021 044 035 003 096 547 021 013 058 6563 687 704 200 048 188
B11l 17.74 9.20 39.12 0.03 3.21 2.21 1.29 0.22 2.64 0.19 0.06 0.07 0.01 0.14 2.85 0.26 0.21 0.61 75.26 412 6.28 1.59 0.52 1.19
B12 16.77 8.50 38.17 0.03 2.80 2.28 1.31 0.23 2.58 0.21 0.43 0.54 0.05 0.97 2.63 0.27 0.23 0.59 73.68 4.28 5.51 1.61 0.48 1.08
B13 8.34 6.80 19.47 0.02 2.88 2.34 1.24 0.38 1.91 0.12 0.40 0.56 0.06 0.94 1.93 0.24 0.18 0.34 77.94 2.93 7.04 1.78 0.42 1.39
B14 6.07 2.40 13.92 0.02 3.13 2.29 1.76 043 1.66 0.09 0.32 0.46 0.13 0.74 2.17 0.58 1.05 0.27 48.00 4.35 8.10 1.64 0.37 0.24
B15 556 320 1208 000 342 217 119 035 160 004 001 001 000 003 267 042 054 015 7941 464 1545 127 044 046
B16 525 480 1335 000 362 254 128 047 156 004 002 002 000 005 267 027 023 015 7333 464 1590 163 054  1.10
B17 465 520 893 00l 194 192 145 067 148 005 003 003 001 005 400 023 017 009 6379 800 1303 217 053 145
B18 4.27 5.60 9.59 0.03 2.11 2.25 1.40 0.68 1.43 0.11 0.33 0.80 0.06 0.73 1.70 0.21 0.14 0.22 66.07 2.73 5.56 2.21 0.39 1.84
B19 369 320 841 001 326 228 141 048 134 006 002 003 001 004 217 034 036 019 6071 396 380 138 057  0.69
B20 365 300 807 002 356 221 120 042 133 007 002 004 001 004 200 036 041 024 7609 300 817 121 042 062
B21 308 150 750 000 162 244 138 074 124 003 007 007 004 016 200 066 137 005 648 400 1602 1.88 051 0.8
B22 2.83 3.70 6.22 0.00 2.12 2.20 1.19 0.61 1.19 0.03 0.06 0.06 0.02 0.14 2.50 0.26 0.21 0.06 78.00 5.00 16.71 1.48 0.45 1.21
B23 270 300 598 000 297 222 148 074 117 003 002 002 001 005 150 031 030 008 5667 235 1712 174 052 083
B24 215 250 434 001 326 202 160 075 106 004 001 003 001 003 133 033 034 013 4545 200 1054 158 049 073
B25 210 300 408 000 28 194 108 064 105 002 001 00l 000 00l 250 027 023 006 8750 500 1940 130 039 107
B26 1.72 2.50 3.44 0.00 2.91 2.01 1.20 0.74 0.96 0.02 0.06 0.06 0.02 0.12 2.00 0.30 0.27 0.05 71.43 4.00 21.44 1.35 0.48 0.91
B27 1.63 3.60 4.80 0.00 1.84 2.95 1.22 1.08 0.94 0.02 0.05 0.05 0.02 0.16 1.00 0.20 0.13 0.03 73.91 2.00 22.03 1.91 0.51 1.99
B28 154 100 327 000 325 212 133 056 092 002 002 002 002 003 200 070 154 005 3333 400 2265 095 044 016
B29 149 250 364 000 335 244 138 080 091 002 002 002 001 004 200 028 024 005 5000 400 2300 134 045 105
B30 132 220 357 000 379 271 119 079 08 001 001 001 001 004 200 029 027 005 6667 400 2447 124 046 092
B31 128 130 236 000 312 184 125 065 085 001 002 002 001 003 150 049 076 004 4000 300 248 099 050 033
B32 119 200 296 000 335 249 119 089 082 00l 002 002 00l 005 150 031 030 004 6667 300 2573 131 057 084
B33 108 100 199 000 465 226 136 100 079 001 002 002 002 005 200 059 108 005 4444 400 2709 139 051 023
B34 1.07 1.70 2.59 0.00 4.65 2.01 1.21  0.90 0.79 0.01 0.02 0.02 0.01 0.03 2.00 0.34 0.37 0.05 57.14 4.00 27.10 1.24 0.49 0.67

-

Meanings of the letters A, Lb, Nu, Rc, Fs, Dd, Si, Rg, Wb, Pr, H, Rr, ReRe, Rn, Rb, Re, Rf, T, Tsi, WMRDb, Cc, Rw, HI, and K as they are listed in the table (1)
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ranged from 1.84 to 2.95 km/km? which indicates
smooth to high slope to large sub-basins, resistant
rocks, weak impermeable subsurface material with
condensed vegetation cover, and abrasive texture.
Large sub-basins within the study area are more exp-
osed to flood risk than small basins (Choudhari et al.,
2018; Abdul Qadir et al., 2020).

Stream frequency (Fs)

Fs represents the total number of streams for all
orders in a given location (Horton, 1945). The litho-
logy of the basin and the vegetation cover affect (Fs)
value. A hard rock structure and penetrable subsurface
material were both suggested by small values of Fs
(Reddy et al., 2002). The sub-basins in the study area
had high (Fs) values of 1.62-4.65 (km?), indicating
that they are not flat and have a high relief as well as
nonpermeable subsurface materials (Ali et al., 2018).

Constant channel maintenance (C)

C is a crucial variable that reflects drainage
density's inverse (Malik et al., 2020). Low C values
for sub-basins in the study area, ranged from 0.34 to
0.54km?/km as reported in Table (2), indicating
weaker or less resistant soils, scant vegetation, and
stony topography.

Mean Basin Width (Wb)

The separation line defines the beginning and end of
the branch and Wb give a good idea of the allowable
extent of the branches in the basin. Sub-basins in the
research region drainage have values ranged between
0.78 and 11.45, suggesting that they are rectangular in
shape and have a higher elongation ratio (Pareta et al.,
2011).

Lemniscate Factor (K)

In order to define the geometrical characteristics of
drainage basins, we can employ the lemniscate factor
(K), which is the ratio between the square of the basin
length and four times the size of the basin. Since the K
factor of the drainage sub-basins, of the study area,
ranges from 0.16 to 1.99, it is clear that the water
systems on dip slopes are predominantly elongated in
shape (lvanova et al., 2012).

Wandering ratio (Rw)

Rw is defined as the proportion of mainline length
to basin length (Gabale et al., 2015). The Rw values
for the sub-basins ranges from 0.95 to 2.22, as
indicated in Table (2).

Compactness Coefficient (Cc)

The ratio Cc is the distance between the basin's
circumference and a circle whose area is the same as
the basin's drainage area. According to Table (2), the
Cc values vary from 1.73 to 27.10. The high value of
Cc indicated the sub-basins' regular shape in the
research region and their ability to flood (Igbal, 2014).

Relief Aspects parameters

Basin relief (H)

The elevation difference between the watershed's
highest point (Z) and lowest point (z) is measured and
represented as H (Strahler, 1957). The importance of
H is to control the stream gradient and affect the surf-

Figure (7): Field photographs that display the western structural
plateau's height in the research area.

ace runoff and sediment (Choudhari et al., 2018). The
research area's relief was lowered from south to west
indicating that the runoff path was from west to east to
north (Table 2).

Relief ratio (Rr)

Rr is the ratio of the length of the major drainage
line to the whole length of the basin's relief (Schumm,
1956; Rai et al., 2018). The sub-basins exhibit Rr
values ranged from 2.33 to 133 m/km, as reported in
Table (2). While high values indicate greater slope and
less permeability of the subsurface, low values of Rr
are caused by a low degree of gradient (Rai et al.,
2017a & 2017b).

Relative relief (ReRe)

ReRe is the most dynamic component of the
morphometric variable that is used to evaluate the
overall morphology of terrain faces and segmentation
gradation. The lower values of study area (Table 2)
represent basin exposure to flood dangers, flat ground,
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and a gradual slope close to the sub-basins' outlets
(Tesema et al., 2021).

Ruggedness number (Rn)

Extreme basin relief and drainage density result in
Rn, which typically combines length and slope
gradient. Rn describes the likely consequences of
drainage density, slope steepness, and soil erosion on
the landforms (Strahler, 1968). According to the table
(2), the Rn values for sub-basins ranged from 0.01 to
1.28. Due to their channel gradient, peak discharge,
and dissection, high-roughness sub-basins have a
potential of flooding (Singh et al., 2020).

Gradient ratio (Rg)

Rg is a parameter of channel slope facilitated
analysis of the runoff volume (Sreedevi et al., 2005).
The values of Rg for the sub-basins were varied and
ranged from 0.01 to 1.08, indicating moderate to high
relief terrain with the main channel flowing in gently
sloping terrain (Igbal, 2014).
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Figure (8): Aspect map of the study area, western Luxor,
showing the western structural plateau elevation and sub-
basins delineation.

Hypsometric analysis of sub-basins

Due to the fact that the variance in size is not
interpreted as overlapping during analysis, the
hypsometric examination is a dimensionless parameter
useful for evaluating watersheds (Strahler, 1952). In
addition, it provides a significant amount of useful
data regarding the erosion stage of the basin corres-
ponding with the land elevation, tectonic activity,
climate change, and lithological changes. Conseq-
uently, it helps with environmental monitoring, which
facilitates basin planning and organisation (Duan, et
al., 2022).

Hypsometric Integral (HI)

The hypsometric integral defines a time scale that
represents a phase in which the rivers' wadis move.
According to Table (2), the hypsometric integral
values vary from 0 to 1 (Muller, 1968; Andreani et al.,
2014). The erosion cycle, which is the total length of
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time needed to bring a land topological unit to its base
level, can be calculated using the indicator HI. Each of
its three subcategories corresponds to one of the
geomorphic cycle's three distinct phases. These are
categorized as following: i, The old stage if HI<0.35,
in which the basin is fully stabilized; ii, the complete
stage is 0.35< HI <0.60, which means the basin growth
has attained a steady-state disorder and iii, in the early
stage if HI >0.60, where the basin is highly liable to
erosion and is under expansion (Shivaswamy, et al.,
2019). As shown in Table (2) the values of HI, for
sub-basins in the study area varied between 0.37 and
0.57 indicating that 34 sub-basins in the study area
belong to the mature stage of moderated erosion, not
affected by tectonic or geological disturbance
(Gharehchahi et al., 2021).

Matrix Correlation

The correlation matrix indicates the relationship
among morphometric parameters. There are about 300
correlations between the 24 geomorphometric vari-
ables. Figure (9) illustrated the percentage of the
relationship coefficient between hydromorphometric
variables based on the value of (R,). Au, Lb, Nu, Rc,
Dd, Wb, Pr, H, Rn, Rb, T, Tsi, WMRb, and K are
positively related to most other variables, while Fs, Si,
Rg, Rr, ReRe, Re, Rf, Cc, Rw, and HI are negatively
related to most other variables.

Flood Hazard Map of the study area

Application of linear equations for the direct and
indirect effects of morphometric characteristics proved
effective for the morphometric parameters of the study
area sub-watershed used for WMS and a flood hazard
modelling. Flood hazard was classified into five
groups, ranging from very low to very high, using the
the hazard degree weighted values (Table 3) and flood
hazard index (Table 4). The calculated morphometric
values were clustered in five different weights. Flood
danger zones are from 1 to 5. Table (5) shows that the
drainage sub-basins have extremely high, high,
medium, low, and very low hazard levels. These
drainage sub-basins represent an area of approximately
1557.64 km?, 116.33 km? 184.16 km? 138.39 km’,
and 65.83 km?, respectively. This means that 76% of
the study area is subject to structural hazards that
increase the risk of flooding. The overall flood
potential risk map was created by giving hazard values
to the specific sub-basins (Figure 10A).

Flood Hazard Map interpretation

Although flood maps indicate flooding, no flooding
has occurred since 1994, sub-basins 1, 2, 3, and 4 fall
into the very high class while sub-basin 6 fall into the
high flood hazard, A very high-risk sub-basin 1, 2, 3
and 4 might not be entirely exposed to floods. There-
fore, detailed risk identification was necessary to
examine flash flood potential risk per Km? pixel using
drainage density, and slope, so in compiling the
drainage density and slope with LULC maps, the
present study detected the zone of the pocket at risk
due to flash flooding (Figure 10B).

LULC map of the watershed of the study area
indicates a significant increase in agricultural activities
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and urban expansion. Agricultural land increased by
approximately (239.4 km?), compared to (175.8 km?)
for separate populations, villages, and cities. Inte-
grated slop, flood The LULC map indicated, that the
study area has a good network of canals that reduces
the impact of flood risks and the hydrographic system.
the channels are used to collect the water and direct it
to the water channels and the excess is direct to the
Nile.

Agriculture and urban expansion proceed through
random plans that deform the watershed system. In
addition, flooding risks have been confined to the
desert area west of the study area, where the high
plateau of the geological structure is located.
Therefore, a new urban and agricultural area can be
flooded, especially in the areas between the cities of
Luxor Arment and the cities of Arment- Isna. This
means that flooding may be confined to specified
zones, not all study areas as illustrated in Figure (11).
Effective Mitigation measures include structural
solutions such as detention dams, cisterns, and
mitigation canals (Figure 11).

CONCLUSION

The watershed of the western Luxor region was
assessed using three methods including linear
mathematical equations of flood model index with 24
morphometric factors and GIS computability with RS.
The data obtained revealed that the main direction of
flow is east, north, and northeast. The watershed of
western Luxor is divided into 34 sub-basins that vary
in their shape and size. According to DEM and
morphometric analysis, basins 1, 2, 3, and 4 are the
largest sub-basins in the study region and are at
extremely high risk of flash floods, while basin 6 is in
the high zone. An integrated flood map that includes
slop, drainage density, and LULC maps was used to
identify a new urban and agricultural area as being at
risk of flooding. This area is especially located in the

west desert zones between the cities of Luxor Arment
and the cities of Arment-Isna. Government oversight
and management of development in these zones are
therefore necessary. Urban flooding may occur during
periods of high rainfall due to changes in the
hydrographic and hydrolytic system caused by the
unregulated expansion of the urban and agricultural
zones west of the Luxor watershed. The government
must take notice and exercise coordinated plans of
control over it. The current findings can serve as a
starting point for designing land use and flood control
projects in the western Luxor region. For mitigation
measures, LULC integrated with the final flood map
illustrated that the eastern part of the study area is at
more risk to elevation and many streams of high order
4™ 5" 6" which transport a great volume of water.
Therefore, establishment of small dams with diversion
channels in the way of the mainstream channels with
high orders 4™ 5" 6" are suggested. Also, new
communities must be controlled and managed by
governments through planned projects and laws. Re-
planning and organizing the random urban and
redirecting the flood stream by alleviation canals that
located in the hazard zones.
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Total
83
79
72
61
58

2
2

Cc Rw HI

WMRb

Indirect impact

Tsi

Flood Hazard Mapping in Western Luxor, Egypt
Hazard Degree’
Direct impact
Fs Dd Si Rg Wb  Pr H Rr ReRe Rn Rb Re Rf

Rc

A Lb Nu

2
2
1
1
1
1
1

Sub -
basin
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13
B14

Table (3): Ranks for the geomorphometric weighted values of the influence of drainage sub-basins in the western Luxor area.

73
54

Lo

57
55
73
62
60
54
55
63
69
55
57

0 <t ™MmN

1
1
1
1

B15
B16
B17
B18

56
57
61
60
58
60
57
59

4
4
3
3
5
4
5
4

12

1
1

B19
B20
B21
B22
B23
B24
B25
B26
B27
B28
B29
B30
B31
B32
B33

B34
*Meanings of the letters A, Lb, Nu, Rc, Fs, Dd, Si, Rg, Wh, Pr, H, Rr, ReRe, Rn, Rb, Re, Rf, T, Tsi, WMRb, Cc, Rw, HI, and K as they are listed in the table (1)




Gebril et al.

Table (4): Geomorphometric hazard width values for subdrainage basins in the western Luxor area.

Hazard Degree’
Direct impact Indirect impact Total
A Lb Nu Rc Fs Dd Si Rg Wb Pr H Rr ReRe Rn Rb Re Rf T Tsi  WMRb Cc Rw HI K

Sub -
basin

B2 420 500 410 284 244 273 450 108 461 357 470 230 124 462 281 484 494 216 310 345 4.87 286 107 165 78.03
B3 352 401 342 277 303 266 38 107 423 324 502 257 137 489 191 454 478 212 281 262 4.86 387 1.07 120 7424
B4 281 258 289 500 147 338 254 105 376 38 421 326 158 440 341 335 390 272 203 390 5.00 493 1.08 048 73.09
B5 186 283 173 160 173 176 380 123 292 176 425 227 150 381 321 465 484 433 280 3.66 4.57 289 106 1.34 65.08
B6 186 260 190 177 189 340 339 124 292 18 476 267 168 498 316 439 469 420 257 347 4.65 276 114 104 6792
B7 153 241 152 143 222 272 349 135 252 150 202 142 118 203 328 463 483 448 265 3.23 4.44 250 109 131 5846
B8 128 226 126 140 244 240 209 158 209 135 188 149 117 186 292 499 501 461 171 297 441 199 107 196 54.22
B9 123 189 121 164 292 214 300 153 198 140 428 356 206 398 365 458 480 449 242 333 4.59 289 106 125 64.65
B10 119 201 117 123 256 213 334 178 188 122 428 270 194 398 100 495 499 475 262 176 4.16 166 107 1.88 58.38
B11 112 163 112 129 310 232 223 178 169 120 140 129 116 141 334 453 477 474 190 3.58 4.28 296 104 1.19 53.89
B12 112 157 111 139 256 258 237 181 167 122 414 366 255 402 355 443 471 474 202 348 4.40 289 107 1.08 63.06
B13 105 144 105 123 266 279 193 239 142 112 397 380 285 393 417 468 48 48 171 438 4.16 236 112 139 63.93
B14 104 111 104 117 299 263 503 255 133 109 335 326 525 329 39 197 238 489 392 343 3.99 280 115 024 63.60
B 103 117 103 104 337 220 164 228 130 104 102 100 107 106 351 327 383 495 160 324 2.83 400 110 0.46 4858
B16 103 129 104 104 363 353 217 272 129 103 108 103 1.08 114 351 444 472 495 205 324 2.76 283 102 110 52.62
B17 103 132 102 106 142 129 316 345 126 104 114 109 111 114 232 473 488 497 275 1.00 3.21 114 103 145 46.56
B8 102 135 102 138 165 247 291 351 124 111 338 502 281 327 357 493 498 491 258 452 4.39 1.01 114 184 64.17
B9 102 117 102 113 316 259 293 275 121 105 107 110 113 111 396 3.89 435 493 298 3.69 3.80 363 1.00 0.69 54.66
B20 102 115 102 117 357 23 171 252 121 106 108 113 115 111 411 373 422 491 184 433 3.98 419 112 0.62 53.66
B21 101 104 102 104 101 315 277 371 117 102 142 129 235 148 411 132 149 499 267 3.67 2.74 205 105 0.18 47.56
B22 101 121 101 103 166 230 163 323 115 102 141 128 149 141 366 455 478 499 170 3.00 2.63 332 1.09 121 5057
B23 101 115 101 103 278 236 336 371 114 102 109 106 117 112 455 413 452 498 328 477 2.56 251 104 0.83 5536
B24 101 111 101 110 317 166 406 377 110 103 103 108 112 106 470 395 439 496 410 5.00 3.61 300 1.06 0.73 58.08
B25 101 115 101 102 264 138 102 334 110 101 098 099 101 101 366 442 471 499 100 3.00 2.20 389 114 1.07 4765
B26 100 111 100 101 270 160 171 372 107 101 136 125 168 133 411 423 459 499 219 367 1.88 3.74 1.07 091 5204
B27 100 120 101 101 130 499 18 500 106 101 133 123 142 147 500 500 501 500 200 5.00 1.79 196 105 199 56.68
B28 100 100 100 101 315 202 249 305 105 101 105 103 145 108 411 100 100 499 500 3.67 1.69 499 110 0.16 4892
B29 100 111 101 101 328 315 274 393 105 101 105 103 114 109 411 439 469 499 377 3.67 1.63 378 1.09 1.05 5571
B30 100 109 100 101 387 413 163 392 103 100 103 1.02 114 109 411 424 460 499 254 3.67 1.40 409 1.08 0.92 54.68
B31 100 102 100 101 298 101 200 338 103 100 104 103 131 106 455 267 322 500 451 433 1.34 486 1.05 0.33 5140
B32 100 108 100 101 329 333 163 428 102 100 108 105 126 113 455 413 452 500 254 433 1.20 386 1.00 0.84 54.28
B33 100 100 100 100 500 251 263 470 100 100 108 1.05 158 111 411 192 232 499 418 3.67 0.99 361 1.04 0.23 5247
B34 100 105 100 100 500 160 179 431 100 100 105 103 124 107 411 385 431 499 324 367 0.98 407 106 0.67 5342

¥ Meanings of the letters A, Lb, Nu, Rc, Fs, Dd, Si, Rg, Wb, Pr, H, Rr, ReRe, Rn, Rb, Re, Rf, T, Tsi, WMRb, Cc, Rw, HI, and K as they are listed in the table (1)
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Figure (10): (A) Flash flood potential areas, (B) Overall flash flood potential area.

Table (5): Flood hazard classes located in the western part of the Luxor area.

Class Caéc;l;lg;ed ?_?3;:? dc;f Sub-basin number

First 48.73-55.69 Very low 8, 15, 16, 17, 21, 22, 25, 26 and 28
Second 55.69-62.64 Low 7,10, 11, 19, 20, 23, 24, 26, 29, 30, 31, 32, 33 and 34
Third 62.64-69.60 Medium 5,9,12,13,14 and 18
Fourth 69.60-79.56 High 6

Fifth 79.56-83.52 Very high 1,2,3and 4
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Figure (11): Landsat 8 satellite image showing flood risk areas with Field photographs for the local construction of mitigation measures.
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