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Abstract 
Southern Red Sea flooding is common. Assessing flood-prone development 
risks helps decrease life and property threats. It tries to improve flood aware-
ness and advocate property owner steps to lessen risk. DEMs and topography 
data were analyzed by RS and GIS. Fifth-through seventh-order rivers were 
studied. Morphometric analysis assessed the area’s flash flood danger. NEOM 
has 14 catchments. We determined each catchment’s area, perimeter, maxi-
mum length, total stream length, minimum and maximum elevations. It also 
uses remote sensing. It classifies Landsat 8 photos for land use and cover 
maps. Image categorization involves high-quality Landsat satellite images and 
secondary data, plus user experience and knowledge. This study used the wet-
ness index, elevation, slope, stream power index, topographic roughness in-
dex, normalized difference vegetation index, sediment transport index, stream 
order, flow accumulation, and geological formation. Analytic hierarchy con-
sidered all earlier criteria (AHP). The geometric consistency index GCI (0.15) 
and the consistency ratio CR (4.3%) are calculated. The study showed five 
degrees of flooding risk for Wadi Zawhi and four for Wadi Surr, from very 
high to very low. 9.16% of Wadi Surr is vulnerable to very high flooding, 50% 
to high flooding, 40% to low flooding, and 0.3% to very low flooding. Wadi 
Zawhi’s flood risk is 0.23% high, moderate, low, or extremely low. They’re in 
Wadi Surr and Wadi Zawhi. Flood mapping helps prepare for emergencies. 
Flood-prone areas should prioritize resilience.  
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1. Introduction 

Many regions around the world are frequently affected by water shortages. These 
occurrences can be very harmful to human communities. Flash floods are natu-
ral occurrences with a high occurrence velocity. Recent decades have seen an in-
crease in the frequency and severity of these events due to climate change. At the 
same time, the extensive annual flood and flash flood damages reveal many re-
gions’ high vulnerability to these widespread hazards. Basin morphometric sur-
veys establish evaluation parameters for the hydrological system’s behavior in 
basin areas. Landscape shape is measured quantitatively by morphometry. Land-
forms are defined by their size, elevation (maximum, minimum, or average), and 
slope. In addition to comparing landforms objectively, geomorphologists can use 
quantitative data to identify a region’s unique characteristics. Using geomorphol-
ogy and geology, this study contributes to developing a primary hydrological 
diagnosis that can be used to forecast basin behavior during heavy rainstorms. 
IAHS-UNESCOWMO (1974) defines flash floods as sudden, high peak discharge 
floods caused by severe weather thunderstorms. Since the project is located in a 
floodplain, flash floods are a major risk. Flash flooding occurs when heavy rain-
falls in short bursts, often from severe thunderstorms. It occurs in almost every 
region of Saudi Arabia and causes the most flooding-related deaths. NEOM 
drainage basins and watersheds were assessed using GIS and remote sensing 
techniques. They provide a powerful tool for manipulating and analyzing spatial 
data. The GIS environment derives and tabulates linear, aerial, and relief para-
meters. The NEOM region’s drainage basins are delineated using DEM data. 
SRTM 1 Void was used to identify channel initiation nodes from digital raster 
sources. 90 m spatial resolution. The SRTM helped identify water divide points 
and then map watersheds. The Arabic word “Wadi” means valley and represents 
two watercourse-facing terrain bodies (i.e., streams or drainages). A drainage 
basin includes wadis [1]. There are 14 main Wadi basins with a total area of 
13629.6 km2, (Wadi Mabrak, Umm Jarfeer, Al Zainah, Haqaf, Efal, Al Nakhlah, 
Al Batinah, Ayounah, Ad Dubaysa, Ghurr, Sadr, Zawhi, kamrah, and Wadi 
Surr). These Wadi basins were studied using topographical, geological, and satel-
lite imagery. They are classified as fifth-stream order influence and higher. It was 
used to classify land use in the study area. This paper also aims to raise planners’ 
awareness of flood geomorphology and the importance of morphometric data in 
planning. Also, advice for future planning to avoid destructive flood hazards in 
remote and data-scarce areas is given. The construction of flood prevention 
structures is recommended to help decision-makers mitigate flash floods (i.e., 
surface water harvesting systems and artificial groundwater recharge). 

2. Study Area 

The NEOM mega-city project is part of Saudi Arabia’s 2030 vision plan to diver-
sify and grow the Saudi economy while positioning the country to lead global 
development. The Saudi government plans to finish the first section of NEOM 
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by 2025. NEOM Region is in the upper northwest of Saudi Arabia. It is an intel-
ligent zone with economic, commercial, and tourist destinations. It is located in 
Tabuk Province (146,072 km2), 50 km from Tabuk City, near the Red Sea and 
Saudi Arabia’s borders with Egypt and Jordan. This region will be 26,500 km2, 
with a 225 km Red Sea coastline. So, NEOM Region is located at 27˚43'27''N, 
29˚08'29''N, 34˚31'40''E, and 35˚57'55''E. NEOM is a prestigious Saudi Arabian 
project to build a planned mega-city along the northern Red Sea coast (Figure 
1), bordering Jordan and Egypt. It is a $500 billion mega-city that will provide 
world-class healthcare, education, and culture using advanced, automated, zero- 
carbon infrastructure and forward-thinking, business-friendly governance. 
 

 
Figure 1. The study area of the NEOM region. 
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Several studies have used bivariate and multivariate statistical models to assess 
different aspects, such as [2] for Flash flood susceptibility assessment in Jeddah 
city, Kingdom of Saudi Arabia, [3] for a wind energy assessment for NEOM city, 
They also published an article titled “Landslide hazard assessment of the NEOM 
promising city, northwest Saudi Arabia: An integrated approach” [4]. A hybrid 
renewable energy system’s performance analysis and optimization for a sustain-
able NEOM city in Saudi Arabia aim to design and assess the performance of a 
Hybrid Renewable Energy System (HRES) for Saudi Arabia’s newly proposed 
grand city, NEOM [5]. 

An article titled Atmospheric conditions and air quality assessment over 
NEOM, Saudi Arabia [6] looked at the conditions (Atmospheric conditions and 
air quality assessment over NEOM, Saudi Arabia). A paper [7] studied the envi-
ronment in a stand-alone hybrid PV-fuel cell-battery to desalinate seawater at 
Saudi NEOM city. Hydro-morphometric analysis of watersheds combined with 
remote sensing and geographic information system (GIS) techniques provides 
an effective tool for mapping and determining the areas’ most vulnerable to 
flood hazards and the levels of risk. Based on publicly available geological maps, 
ASTER and SRTM void-filled DEMs, Landsat 8 satellite imageries of the study 
area allowed extraction and calculation of morphometric basic, linear, areal, 
shape, and relief parameters for NEOM region watersheds. Flash flood hazard 
mapping is vital for catchment management (i.e., for sustainable development of 
the water resources and protection from flood hazards and drought). 

3. Data and Methods 

According to [8], SRTM (30 meters) is the best DEM for studying basin hydrol-
ogy and water resources. The results are comparable to Google maps and 1:50 k 
topographic maps. ASTER (30 meters) and SRTM (30 meters) are very close to 
each other, as are Google maps and topographic maps of 1:50 k. This study used 
SRTM digital elevation models to analyze hydrology in the NEOM region. These 
models are usually created in a GIS. The National Aeronautics and Space Ad-
ministration (NASA) extended SRTM satellite products in 2000. It was first used 
to generate SRTM DEM to extract slope for the NEOM study area. This tool 
(SRTM) uses radar interferometry, where two radar images from slightly differ-
ent locations are combined to produce digital topographic data for about 80% of 
the Earth’s land surface (USGS). Because SRTM (1 Arc-Second Global) with a 
resolution of 1-ARC (30 meters) was too large for ArcGIS Toolbox, we used 
SRTM (Void filled) with a resolution of 3-ARC (90 meters). 

From launch to April 10, 2013, the satellite collected nearly 10,000 scenes Lev-
el-1 data set for Landsat 8 OLI/TIRS C1 (EarthExplorer). While these data are of 
the same quality and precision as data acquired after operational orbit, the geo-
graphic extent of each scene will vary, and most scenes will have full terrain cor-
rection with a 30-meter pixel size. The spatial resolution of early TIRS images 
may vary due to changes in telescope temperature. 
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3.1. Hydrology Analysis 

Modeling water flow across a NEOM surface is helpful in many fields, including 
regional planning, agriculture, and forestry. These fields require knowledge of 
how water flows and how changes affect that flow. The ArcGIS Spatial Analyst 
extension’s hydrologic analysis modeling tools help describe the physical com-
ponents. Delineating watersheds and creating stream networks are all possible 
with hydrologic tools in the NEOM region. Figure 2 shows an automated flow-
chart process for a stream network generated from a digital elevation model. 

This study used the hydrology tool in ArcGIS 10.8.1 to extract stream net-
works and watershed maps, and topographic maps were used to label water-
sheds. The Aerial Survey Department of the Ministry of Petroleum and Mineral 
Resources has produced topographic maps for Saudi Arabia as separate map 
sheets (scanned) (1984). Three scanned maps were collected for the NEOM 
study area: Tabuk, Duba, and Haqel. The topographic map sheets used to cover 
the NEOM are NH37-SW Tabuk, NH36-SE Haqel, and NH37-SW Duba (sheet: 
NG36-NE). Watersheds can be defined from a DEM by computing flow direc-
tion and using the Watershed tool. First, create a Flow Direction raster to find 
the contributing area with the Flow Direction tool. It must provide the locations 
to determine the catchment area. 

Sources can be dams or stream gauges to determine the contributing area’s 
characteristics. It may also use a flow accumulation threshold. The pour points 
are the stream network junctions created by flow accumulation when the thre-
shold is used to define a watershed. Thus, a flow accumulation raster and the 
minimum number of cells that constitute a stream must be specified (the thre-
shold value). The output is a raster of watersheds. When converting a raster da-
taset with area features, each group of adjacent cells with the same value be-
comes a polygon. Raster cell borders create arcs. The input raster’s NoData cells 
do not become polygons. The input raster must be an integer raster dataset 
with any cell size. A raster dataset’s attribute field will be used in the output fea-
ture class. If no field is specified in the output feature class attribute table, the 
input raster cell values (VALUE field) become a column with the heading Grid 
code. 

3.2. Drainage Watersheds Delineation 

As illustrated in Figure 3, the extraction of drainage watersheds from the ana-
lyzed SRTM Void filled DEMs is critical for quantitative studies in geomorphol-
ogy and hydrology. The primary and most fundamental problem in extracting 
drainage networks is determining the flow direction of each cell in the digital 
elevation model, which fills in the cell gaps. Then, using ArcMap Toolbox, the 
flow network and directions were developed. There are 14 basins identified 
(Wadi Efal, Wadi Al Batinah, Wadi Ghurr, Wadi Sadr, Wadi Ayounah, Wadi 
Surr, Wadi Mabrak, Wadi Al Nakhlah, Ad Dubaysa, Wadi Umm Jarfeer, Wadi 
Haqaf, Wadi Al Zainah, Wadi Zawhi, and Wadi kamrah), as in Table 1. 
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Figure 2. Hydrologic analysis model in ArcMap 10.8.1. 
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Figure 3. Watersheds delineation of the study area. 
 

The length of the stream is greater in the first order, and it decreases as the 
stream order increases [9]. A long stream indicates a watershed with flatter gra-
dients, while a short stream indicates a steep slope and delicate texture. The total 
length of the 14 watersheds’ entire stream orders is 15038.65 kilometers (Figure 
4). The first stream order contributes approximately 52.02% of the total stream 
length for the entire watershed, followed by the second stream order, which 
contributes 24.43 percent, the third stream order, which contributes 12.04 per-
cent, the fourth stream order, which contributes 5.98 percent, the fourth stream 
order, which contributes 3.49 percent, the fifth stream order, which contributes 
1.75 percent, and the seventh stream order, which contributes 0.28% (Table 2). 
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Table 1. Geometries of the delineated basins (for 5th. to 7th. Stream orders) 

ID Basins’ Name 
Area 
(km2) 

Perimeter 
(km) 

Hectares 
(ha) 

0 Wadi Mabrak 369.18 106.63 36918.12 

1 Wadi Umm Jarfeer 269.33 104.88 26933.27 

2 Wadi Al Zainah 263.77 91.59 26377.28 

3 Wadi Haqaf 265.85 93.99 26584.80 

4 Wadi Efal 4992.17 477.21 499216.95 

5 Wadi Al Nakhlah 276.75 103.16 27674.59 

6 Wadi Al Batinah 2708.01 316.03 270800.83 

7 Wadi Ayounah 824.78 182.61 82478.45 

8 Ad Dubaysa 273.10 79.52 27309.80 

9 Wadi Ghurr 1621.14 374.59 162113.53 

10 Wadi Sadr 940.75 227.17 94074.95 

11 Wadi Zawhi 223.10 94.43 22309.69 

12 Wadi kamrah 104.93 66.25 10492.93 

13 Wadi Surr 496.74 147.89 49673.82 

 
Table 2. Stream order numbers and lengths of the watersheds. 

ID Basins’ Name 

1st. Stream 
Orders 

2nd. Stream 
Orders 

3rd. Stream 
Orders 

4th. Stream 
Orders 

5th. Stream 
Orders 

6th. Stream 
Orders 

7th. Stream 
Orders 

Nu Lu (km) Nu Lu (km) Nu Lu (km) Nu Lu (km) Nu Lu (km) Nu Lu (km) Nu Lu (km) 

0 Wadi Mabrak 188 210.53 76 74.60 34 31.59 66 57.06 7 4.78 - - - - 

1 Wadi Umm Jarfeer 136 164.07 72 81.43 20 27.18 31 22.56 9 5.27 - - - - 

2 Wadi Al Zainah 142 159.94 64 70.00 34 34.29 24 22.87 18 11.82 - - - - 

3 Wadi Haqaf 144 139.52 64 62.25 37 32.90 23 17.55 17 16.59 - - - - 

4 Wadi Efal 2572 2801.12 1218 1345.60 662 665.82 330 308.25 117 112.26 195 160.00 11 12.65 

5 Wadi Al Nakhlah 148 183.46 76 77.84 26 35.83 15 10.17 25 21.19 - - - - 

6 Wadi Al Batinah 1398 1548.21 660 786.31 385 388.47 167 176.95 89 89.16 43 44.87 29 29.77 

7 Wadi Ayounah 432 472.59 203 217.67 91 94.73 71 80.41 11 10.89 44 41.32 - - 

8 Ad Dubaysa 157 158.08 78 78.71 47 41.71 8 8.91 22 15.62 - - - - 

9 Wadi Ghurr 825 970.37 366 414.50 217 248.23 85 83.84 147 118.79 - - - - 

10 Wadi Sadr 491 538.06 224 248.82 132 123.90 60 55.24 59 50.88 10 17.56 - - 

11 Wadi Zawhi 124 120.84 58 58.92 35 36.03 3 2.42 23 20.19 - - - - 

12 Wadi kamrah 52 60.95 20 28.15 6 8.08 17 13.37 7 11.58 - - - - 

13 Wadi Surr 260 295.64 120 128.91 55 42.58 37 39.96 42 35.47 - - - - 
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Figure 4. Stream orders distribution for basins map. 

3.3. Morphometric Analysis 

A quantitative morphometric analysis of the 14 watersheds in the NEOM region 
was carried out. For basin characterization, morphometric analyses were used in 
several articles. SRTM Void filled DEMs, ArcGIS 10.8.1 software, and the ma-
thematical expressions shown in Table 3 were used to extract and calculate 32 
quantitative morphometric parameters. [10] [11] [12], and others. Different to-
pographic features, such as aspects, slopes, and elevations, were generated using 
the Spatial Analyst tool. The following basic parameters are included: Perimeter 
(P), Basin Length (Lb), Stream order (Nu), Stream length (Lu), Mean Stream 
length (Rbm), Bifurcation ratio (Rb), Stream length ratio (Lurm), Rho Coeffi-
cient (R), Area (A), Drainage density (Dd), Stream Frequency (Fs), Drainage  
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Table 3. Computation of basic, derived, and shape morphometric parameters. 

Aspects Parameter Formula Unit Reference 

Linear 

Perimeter (P) GIS Software km Schumm (1956) [15] 

Basin Length (Lb) GIS Software km Schumm (1956) [15] 

Stream order (Nu) GIS Software Dimensionless Schumm (1956) [15] 

Stream length (Lu) 1 2 3u nN N N N N= + + + +  km Horton (1945) [16] 

Mean Stream length (Rbm) u
sm

u

L
L

N
=  km Horton (1945) [16] 

Bifurcation ratio (Rb) 
1

u

u

N
Rb

N
=

+
 Dimensionless Horton (1945) [16] 

Stream length ratio (Lurm) 
1

ur
urm

u

L
L

L −

=  Dimensionless Horton (1945) [16] 

Rho Coefficient (ρ) u

b

L
R

ρ =  Dimensionless Horton (1945) [16] 

Areal 

Area (A) GIS Software km2 GIS Software 

Drainage density (Dd) uL
Dd

A
= ∑  km/km2 Horton (1945) [16] 

Stream Frequency (Fs) NuFs
A

=  Km−2 Horton (1945) [16] 

Drainage Texture (T) T Dd Fs= ⋅  Km−1 Smith (1950) [17] 

Texture Ratio (Rt) uN
Rt

P
=  Km−1 Horton (1945) [16] 

Length of Overland Flow (Lg) 1
2

Lg Dd=  km Schumm (1956) [15] 

Constant of Channel 
Maintenance (CCM) 

1C
Dd

=  km Schumm (1956) [15] 

Form factor (Ff) ( )2
b

ARf
L

=  Dimensionless Horton (1932) [18] 

Circularity index (Rc) 24 ARc
P

 = π 
 

 Dimensionless Miller (1953) [10] 

Elongation ratio (Re) 
b

A

Re
L
π=  Dimensionless Schumm (1956) [15] 

Shape Index (Sw) ( )2

1.27

b

ASw
L

=  Dimensionless Haggett (1966) [19] 

Compactness Coefficient (Cc) ( )2
PCc

A
=

π
 Dimensionless Horton (1945) [16] 

Infiltration Number (If) IF Fs Dd= ⋅  Dimensionless Faniran (1968) [20] 
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Continued 

Relief 

Basin Relief (R) R E e= −  m Schumm (1956) [15] 

Relief Ratio (Rh) 
b

RRh
L

=  Dimensionless Schumm (1956) [15] 

Relative Relief (Rr) 
RRr
P

=  Dimensionless Melton (1957) [21] 

Ruggedness number (Rn) Rn R Dd= ⋅  Dimensionless Schumm (1956) [15] 

Gradient Ratio (Gr) 
Es EmRg

Lb
−

=  Dimensionless Sreedevi et al. (2004) [22] 

Melton Ruggedness Ration 
(MRn) 

H hMRn
A
−

=  Dimensionless Melton (1965) [23] 

Lemniscate Shape (K) ( )2

4
Lb

K
A

π
=  Dimensionless 

Chorley and 
Morley (1959) [24] 

Basin Slope (Sb) 
H hSb

Lb
−

=  Dimensionless Miller (1953) [10] 

Channel Gradient (Cg) 
2

RCg

Lb

=
π
⋅

 m/km Singh et al. (2014) [25] 

Hypsometric Integral (HI) .

. .

min

max min

Elev ElevHI
Elev Elev

−
=

−
 Dimensionless Strahler (1957) [12] 

Dissection Index (Di) 
.max

RrDi
Elev

=  Dimensionless Schumm (1956) [15] 

 
Texture (T), Texture Ratio (Rt), Length of Overland (Di). The morphometric 
hazard degree assessment method was used for eleven morphometric parameters 
that directly affect flash floods. Eight parameters have a directly proportional re-
lationship with risk, while three others have an inverse proportional relationship 
with risk (Table 4). The hazard degree distributions for the basins of the NEOM 
region were calculated in order to: 

1) The minimum and maximum values for the morphometric parameter for 
all basins in the NEOM region are determined. 

2) A test to extract the empirical relationship between a basin’s relative hazard 
degree in terms of flash floods and the morphometric parameters is used to as-
sess the actual risk degree for all of the parameters that fall between their mini-
mum and maximum values are used to assess the actual risk degree for all of the 
parameters that fall between their minimum and maximum values. 

3) For parameters that have a directly proportional relationship to the degree 
of risk [13], the degree of hazard was calculated using the equations below: 

( )4
Hazard degre 1e min

max min

X X
X X

−
= +

−
                  (1) 

Similarly, the hazard degree is calculated using the following equation for pa-
rameters that have an inverse proportional relationship to the degree of risk: 
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Table 4. Calculation of ranks for morphometric parameters and the total rank value for the basins hazard assessment. 

Direct Proportional Relationship Inverse Proportional Relationship 
Summation 

A Dd Fs Rt Rc Rh Rr Rn Lg Re Rb 

1.216 3.940 4.485 2.353 3.645 2.625 2.519 2.794 4.922 2.370 2.204 33.072 

1.135 4.219 4.448 1.890 2.635 2.659 2.259 2.685 4.947 2.417 3.992 33.285 

1.130 4.274 4.725 2.152 3.516 1.818 1.678 1.945 4.951 1.859 4.952 33.000 

1.132 3.896 4.736 2.129 3.344 1.734 1.641 1.808 4.917 2.178 4.921 32.435 

5.000 1.000 1.000 1.000 2.311 1.422 1.300 1.000 1.000 2.736 1.000 18.769 

1.141 5.000 4.646 2.018 2.828 1.315 1.610 2.322 5.000 4.162 4.828 34.870 

3.131 4.268 4.554 5.000 2.968 1.000 1.000 3.004 4.951 2.217 4.649 36.741 

1.589 4.209 4.590 2.946 2.667 2.826 2.567 4.697 4.946 2.910 3.887 37.834 

1.138 4.200 5.000 2.575 5.000 1.130 1.168 1.373 4.945 1.000 3.874 31.403 

2.241 4.271 4.510 2.802 1.000 1.360 1.371 4.775 4.951 5.000 4.875 37.157 

1.684 4.169 4.607 2.762 1.844 2.338 2.274 5.000 4.943 4.101 3.700 37.422 

1.097 4.073 4.801 1.899 2.703 5.000 5.000 4.754 4.934 3.701 1.873 39.835 

1.000 4.369 4.362 1.382 2.562 3.222 3.702 2.942 4.959 4.454 4.296 37.249 

1.321 4.147 4.597 2.351 2.411 3.422 3.383 4.992 4.941 3.786 5.000 40.350 

A = Area of Basin, Dd = Drainage Density, Fs = Stream Frequency, Rt = Drainage Texture Ratio, Rc = Circularity Ratio, Rh = 
Relief Ratio, Rr = Relative Relief, Rn = Ruggedness Number, Lg = Length of Overland Flow, Re = Elongation Ratio and Rb = Mean 
Bifurcation Ratio. 

 

( )4
Hazard degre 1e max

min max

X X
X X

−
= +

−
                  (2) 

Xmin and Xmax are the minimum and maximum values of the morphometric 
parameters of the two basins and all basins, respectively, and X is the value of the 
morphometric parameters to be assessed for the hazard degree for each 
sub-basin. These basins’ final flood hazard degree is the sum of the hazard de-
grees obtained from Equations (1) and (2) for each basin. Flash floods are di-
rectly proportional to basin area (A), drainage density (Dd), stream frequency 
(Fs), circularity index (Rc), relief ratio (Rh), relative relief (Rr), and ruggedness 
number (Rn). The higher the value of these parameters, the greater the risk of 
flooding, and watersheds with the highest value were ranked first. Inverse pro-
portional relationships exist between the length of overland flow (Lg), elonga-
tion ratio (Re), and Mean Bifurcation Ratio (Rb). Based on the computed mor-
phometric parameters, each watershed’s total rank was determined and classified 
into five categories of flash flood susceptibility (Table 3). Very low hazard de-
gree (18.769), low hazard (18.769 - 33.285), moderate (33.285 - 34.870), high 
hazard (34.870 - 37.834), and very high hazard (34.870 - 37.834) are the catego-
ries (37.834 - 40.350). Figure 5 depicts the final classification of the flash flood 
hazard degree map. According to the morphometric analysis calculations, the  
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Figure 5. Classification of flash floods hazard degree map. 
 
most dangerous degrees watersheds are (Wadi Zawhi) and (Wadi Zawhi) (Wadi 
Surr). The watersheds with the lowest hazardous degree have the largest catch-
ment area (Wadi Efal). Finally, the flash flood hazard degree map was created by 
categorizing the results into five flooding susceptibility levels map: very low, low, 
moderate, high, and very high. 

3.4. Remote Sensing (Digital Satellite Imagery Processing) 

Landsat 8 Level 1 data products typically include both OLI and TIRS sensor data; 
however, the USGS archive may contain OLI- and/or TIRS-only scenes. All 
bands for the three satellite imageries were collected as close as possible to cover 
the entire study area of the NEOM region (2021-09-28 to 2021-11-08), and all 
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eleven bands can be used in conjunction with one another. Allowing for the dis-
play of artificial colors derived from different spectral bands aids in distinguish-
ing between different surface features based on their reflection intensity. Some of 
the most frequently used band combinations on Landsat 8 are displayed in red, 
green, and blue (RGB) [14], as in Figure 6. MosaicPro is the mosaicking module 
for LPS, and ERDAS IMAGINE in the ERDAS IMAGINE software. It offers a 
robust solution for the entire mosaicking process, from seam generation and 
editing to radiometric adjustment and final product generation. (Release ma-
nual) ERDAS MosaicPro is beneficial for users of high-volume production who 
require an efficient method for editing seams on large projects involving large  
 

 
Figure 6. Satellite Imageries for NEOM basins map. 
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volumes of imagery. Seam editing can be carried out within the embedded 
ERDAS IMAGINE viewer, obviating the need to launch a separate viewer for 
cutline editing. 

3.5. Flash Flooding Conditioning Factors 

All input parameters were evenly scaled before the factors were integrated into 
weighted overlay analysis. Furthermore, all factors have been grouped according 
to their impact on flood susceptibility, and all parameters have been assigned a 
similar scale value. To ensure that the conclusions in this study were as accurate 
as possible, ten parameters that influence flash floods were included in the anal-
ysis. As a result, the following ten flash flood causal criteria were considered: 
Topographic wetness is determined by factors such as elevation (in meters), 
slope (in degrees), Stream Power Index (SPI), Topographic Roughness Index 
(TRI), Normalized Difference Vegetation Index (NDVI), Sediment Transport 
Index (STI), Stream Order, Flow Accumulation (Pixels), and Geological Forma-
tion. The SRTM 1 Void received Digital Elevation Models. Out of ten morpho-
metric parameters, four were created with a 90-m spatial resolution. Thus, Arc-
GIS 10.8.1 software tools were used to calculate the values of the other five 
components (TWI, SPI, TRI, NDVI, and STI), while ArcGIS 10.8.1 software 
tools were used to collect the elevation, slope, stream order, and flow accumula-
tion. Vector datasets extracted flash flood conditioning factors such as geological 
formation. 

3.5.1. Topographic Wetness Index (TWI) 
TWI is a topo-hydrological factor that was first proposed by [26]. By controlling 
the spatial pattern of saturated areas, the TWI impacts hydrological processes at 
the watershed scale. The topographic wetness index [27] was developed as a 
critical component of the runoff model. The TWI is useful for determining the 
spatial distribution of wetness and contributing areas on upslope slopes. The 
formula is as follows: 

TWI ln
tan
α
β

 
=  

 
                        (3) 

where α represents the specific upslope area draining through a certain point per 
unit contour length (m2∙m−1), and β represents the slope grade (in degrees). In 
the research area, TWI values ranged from −7.49 to 18.84 for Wadi Surr, and 
ranged from −7.37 to 11.08 for Wadi Zawhi. 

3.5.2. Elevation 
The most basic representation of a topological feature is elevation. Many pre-
vious flood risk assessment studies used the digital elevation model directly as an 
evaluation layer [28]. Low-lying areas are known to be more vulnerable to 
flooding than high-lying areas. 

3.5.3. Slope 
Higher slopes result in faster flow rates and more water storage, putting the ter-
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rain at risk of flooding and sediment transfer. When deciding where check dams 
should be built, consider the slope, as higher slopes are better for check dam 
construction [29]. The degree of elevation variation is reflected in the slope of 
adjacent grid cells, which were created in the shape of a grid using a computer 
model. The slope influences the flood. Because the water flows quickly in the 
steep slope area, the flood subsides quickly, reducing the risk of flooding. The 
steeper the terrain slope, the lower the area hazard [30]. Wadi Surr’s slope 
ranged from 0 to 56.96, while Wadi Zawhi’s slope ranged from 0 to 56.78. 

3.5.4. Stream Power Index (SPI) 
Flood damage and river channel erosion have a significant impact on flow va-
riables like stream power, shear stress, and velocity [31]. The SPI that represents 
stream power was chosen for the analysis. It is calculated as the product of cat-
chment area and slope [32]: 

SPI tansA β=                            (4) 

The upstream area is denoted by As, and the cell slope is denoted by β. The 
SPI can locate suitable areas for soil conservation, reducing the impact of con-
centrated surface runoff [33]. SPI values in the research area ranged from 0 to 
14.17 for Wadi Surr and 0 to 2.47 for Wadi Zawhi. 

3.5.5. Terrain Roughness Index (TRI) 
The TRI is a critical factor affecting stream energy, surface storage capacity, ru-
noff velocity, and routing (Rodrguez-Caballero, E., Cantón, Y., Chamizo, S., 
Afana, A., and Solé-Benet, A., 2012). The TRI is used to denote the elevation 
difference between adjacent cells [34], where the discrepancies between the focal 
cell and eight neighboring cells are determined as follows: 

( )2
00TRI ijx x= ϒ −∑                       (5) 

where xij is the height of each neighboring cell from cell to cell (0, 0), a flat ter-
rain has no value, whereas a mountainous area with steep ridges has a positive 
value. The TRI values in the study area ranged from 0.11 to 0.83 in Wadi Surr 
and from 0.11 to 0.56 in Wadi Zawhi. 

3.5.6. Normalized Difference Vegetation Index (NDVI) 
Another significant factor influencing flash flooding is the Normalized Differ-
ence Vegetation Index (NDVI). Indexes have values ranging from (negative 1) to 
(positive 1) [35]. According to [36], negative values represent water, and positive 
values represent vegetation; thus, NDVI has a negative correlation with flooding: 
higher NDVI values indicate a lower risk of flooding, while lower NDVI values 
indicate a higher risk of flooding. They were determined using the following eq-
uation: 

NDVI NIR RED
NIR RED

−
=

+
                       (6) 

where NIR stands for near-infrared reflection and RED stands for red reflection. 
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The NDVI values for Wadi Surr range between −0.06 and 0.31 in this study, 
while those for Wadi Zawhi range between −0.07 and 0.14. 

3.5.7. Sediment Transport Index (STI) 
Check dams have a variety of functions, including reducing sediment output and 
transporting sediment-associated pollutants to receiving bodies of water [37]. 
The STI can provide critical information about the potential for sediment 
transport through the stream network. It incorporates the effect of topography 
on erosion [33] and is thus used to characterize erosion and deposition processes 
[38], acting as a flood conditioning factor to define the movements of water-
borne sediments due to water movement: 

0.6 1.3sinSTI
22.13 0.0896

sA β   = ×     
                 (7) 

where As denotes the upstream area (i.e., the area contributing to the upslope per 
unit contour length), while β denotes the slope at a specific cell. STIs ranged 
from 0 to 2749 in Wadi Surr, whereas STIs ranged from 0 to 1683 in Wadi Zaw-
hi. 

3.5.8. Stream Order 
The classification of streams is based on the number of segments in each stream 
(1st, 2nd, 3rd, 4th, and 5th.). This reflects the stream’s position in the ordering 
system [12]. The size and discharge capacity of a drainage basin, which affect 
flash flood threats, are determined by the order in which the streams flow through 
it. Wadis Surr and Zawhi were located in the fifth position in the stream se-
quence. Large streams are likely to emerge in these catchments, fed by a multi-
tude of minor streams, resulting in significant water discharge and significant 
flow velocity depending on the relief conditions. 

3.5.9. Flow Accumulation 
Flood hazard is primarily defined by flow accumulation. The total volume of 
water flowing downslope into the output raster cells is called the accumulated 
flow. Accumulated flow values greater than a predefined threshold indicate areas 
of concentrated flow and thus a higher risk of flooding. The flow accumulation 
values in Wadi Surr range between 0 and 64,356, while those in Wadi Zawhi 
range between 0 and 29,103. Additionally, the outflow has the highest value. In 
lower-order streams, this component has lower values. The accumulation of 
flows was determined using the flow direction raster. Each cell in the flow ac-
cumulation raster contains information about the cells that flow into it, effec-
tively acting as a discharge profile. An increase in flood susceptibility should ac-
company increased flow accumulation. The flow accumulation raster classes 
were designed to be as close to a river network’s vector layer as possible. 

3.5.10. Geological Formation 
The French Geological Survey (BRGM), the United States Geological Survey 
(USGS), the Saudi Geological Survey (SGS), and the Deputy Ministry for Miner-
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al Resources conducted geologic mapping at a scale of 1:250,000 between 1974 
and 2011 (DMMR). The dataset includes data on the Arabian Shield’s lithologic 
units. Between 1977 and 2019, each map sheet was published. In 2008, the data 
were digitized and combined into a single geological dataset, as illustrated in 
Figure 7. Geologic mapping observations were made in the field and located and 
positioned using KSA’s 1:500,000 map, 1:250,000 base or topographic maps, 
aerial photographs at various scales, or 1:60,000 aerial maps. Between 1977 and 
2019, observation points were also located using a GPS instrument with a preci-
sion of greater than 10 meters. The SGS Geological Survey’s map observation 
and borehole databases recorded observations. Along with the airborne magne-
tometer, the Landsat image provides a higher level of interpretability. 
 

 
Figure 7. Geological formation of NEOm region watersheds. source: Saudi geological 
survey. 
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3.6. Analytical Hierarchy Process (AHP) 

The AHP is a versatile tool that ranks both criteria and user options pairwise. 
The AHP is a tool that can translate qualitative and quantitative judgments into 
a multi-criteria ranking. The evaluation process may become arbitrary because 
the AHP only requires the decision-maker to compare two options or criteria. 
With more criteria and alternatives, the number of pairwise comparisons in-
creases quadratically (Figure 8). To solve a complex decision problem, [39] in-
vented AHP, which divides it into smaller units, resolves them, and then reas-
sembles them. It is used to make decisions based on expert judgment. The do-
minant AHP establishes priority scales based on specialist judgment; it is used to 
make decisions based on expert judgment. According to [39], if the consistency 
ratio exceeds 0.1, the set of judgments is not reliable. This study evaluated the 
ten conditioning factors for flash flood susceptibility in Wadis Surr and Zawhi. 
So, a 10x10 matrix was made. Using this matrix, the normalized primary eigen-
vector was calculated in three steps. To create the relative weight matrix, the 
values of j (column) were added together, and then each element was divided by 
the sum. The normalized primary eigenvector was computed by averaging the 
rows. The resulting factor weights were normalized by multiplying 100 (Figure 
9). When comparing two comparisons, the consistency ratio (CR) must always 
be less than 0.1 [39]. If the ratio is greater than 0.10, the matrix should be 
re-evaluated. The following formula is used to determine the consistency ratio: 

CICR
RI

=                              (8) 

where CI stands for consistency index and RI stands for random consistency in-
dex. 

1
max. n

CI
n

λ −
=

−
                           (9) 

where n is the number of comparisons and .maxλ  is the major eigenvalue, the 
random consistency indices used to determine the consistency ratio were chosen  
 

 
Figure 8. Matrix of pairwise comparisons for factor criteria. 
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Figure 9. Normalizing the columns of flash flood criteria. 

 
at random. For the theme layers that were employed in the flash floods suscepti-
bility site selection, the consistency check values are: . 10.571maxλ = , CI = 
0.154959, number of factors = 10, CR = 0.042773, which is significantly less than 
the threshold level of 0.10. 

3.7. Weighted Index Overlay 

Weighted index overlay analysis is a straightforward technique for integrating 
multiple class maps in order to accomplish a specific goal. This technique enables 
the investigation to incorporate human judgment based on acquired knowledge 
and experience. The weights assigned in this table indicate the relative impor-
tance of each element to the overall objective. Most importantly, it takes into 
account the factors’ relative importance as well as their unique characteristics. 
Because this technique lacks a defined scale, the study’s weighting criteria were 
developed and implemented using the AHP analysis. The ten themed maps were 
layered using a weighted index overlay to identify the areas most prone to flash 
floods (Equation (10)). 

i ij

i

w s
S

w
= ∑
∑

                         (10) 

where iw  is the weight of the ith factor map, ijs  is the spatial class weight of 
the jth factor map, and s is the value of the spatial unit of the output map. Each 
criterion’s relative importance (priority) concerning the others is established 
here. The importance values assigned in this study were determined by compar-
ing each criterion to all others. Figure 8 and Figure 9 compare the weights as-
signed to the ten criteria. 

4. Results and Discussion 

Topographic wetness index (TWI), elevation, slope, stream power index (SPI), 
topographic roughness index (TRI), normalized difference vegetation index 
(NDVI), sediment transport index (STI), stream order, flow accumulation, and 
geological formation are among the ten factors taken into account in the current 
study’s assessment of flash flood hazards throughout the NEOM region. Using 
GIS techniques, the flash flood susceptibility danger map was constructed by 
transforming each factor into a raster grid cell. Table 5 sorted each factor layer 
by relevance. Figure 10 and Figure 11 demonstrate each significant factor’s  
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(a) 

 
(b) 
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(c) 

 
(d) 
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(e) 

 
(f) 
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(g) 

 
(h) 
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(i) 

 
(j) 

Figure 10. Influencing ten Wadi Zawhi flash flood causative criteria, including (a) Topographic Wetness Index (TWI), (b) Eleva-
tion, (c) Slope, (d) Stream Power Index (SPI), (e) Topographic Roughness Index (TRI), (f) Normalized Difference Vegetation 
Index (NDVI), (g) Sediment Transport Index (STI), (h) Stream Order, (i) Flow Accumulation, and (j) Geological Formation 
Ranking. 
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(c) 

 
(d) 

https://doi.org/10.4236/ars.2022.114008


A. A. Abdulalim, T. A. El Damaty 
 

 

DOI: 10.4236/ars.2022.114008 148 Advances in Remote Sensing 
 

 
(e) 

 
(f) 
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(g) 

 
(h) 
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(i) 

 
(j) 

Figure 11. Influencing ten Wadi Surr flash flood causative criteria, including (a) Topographic Wetness Index (TWI), (b) Eleva-
tion, (c) Slope, (d) Stream Power Index (SPI), (e) Topographic Roughness Index (TRI), (f) Normalized Difference Vegetation 
Index (NDVI), (g) Sediment Transport Index (STI), (h) Stream Order, (i) Flow Accumulation, and (j) Geological Formation 
Ranking. 
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Table 5. Susceptibility class score of each causative criteria. 

Flash Floods 
Causative 
Criteria 

Wadi Surr Wadi Zawhi 

Class 
Susceptibility 
Class Ranges 
and Ratings 

Susceptibility 
Class Score 

Class 
Susceptibility 
Class Ranges 
and Ratings 

Susceptibility 
Class Score 

Weight 
(%) 

Topographic 
Wetness Index 

(TWI) 

−7.49 - −4.91 Very Low 1 −7.37 - −4.76 Very Low 1 

4 

−4.9 - −2.95 Low 2 −4.75 - −2.95 Low 2 

−2.94 - −0.37 Moderate 3 −2.94 - −0.56 Moderate 3 

−0.36 - 3.25 High 4 −0.55 - 2.84 High 4 

3.26 - 18.84 Very High 5 2.85 - 11.08 Very High 5 

Elevation 
(Meters) 

0 - 291 Very High 5 −2 - 269 Very High 5 

9 

292 - 542 High 4 270 - 565 High 4 

543 - 851 Moderate 3 566 - 961 Moderate 3 

852 - 1280 Low 2 962 - 1402 Low 2 

1281 - 2291 Very Low 1 1403 - 2211 Very Low 1 

Slope 
(Degree) 

0 - 6.25 Very High 5 0 - 4.9 Very High 5 

15 

6.26 - 13.85 High 4 4.91 - 12.47 High 4 

13.86 - 21.67 Moderate 3 12.48 - 22.93 Moderate 3 

21.68 - 30.15 Low 2 22.94 - 34.51 Low 2 

30.16 - 56.96 Very Low 1 34.52 - 56.78 Very Low 1 

Stream 
Power 

Index (SPI) 

0 - 0.5 Very Low 1 0 - 0.1 Very Low 1 

13 

0.51 - 2.06 Low 2 0.11 - 0.36 Low 2 

2.07 - 4.45 Moderate 3 0.37 - 0.76 Moderate 3 

4.46 - 8.89 High 4 0.77 - 1.34 High 4 

8.9 - 14.17 Very High 5 1.35 - 2.47 Very High 5 

Terrain 
Roughness 

Index (TRI) 

0.11 - 0.34 Very Low 1 0.11 - 0.31 Very Low 1 

3 

0.35 - 0.42 Low 2 0.32 - 0.41 Low 2 

0.43 - 0.49 Moderate 3 0.42 - 0.48 Moderate 3 

0.5 - 0.57 High 4 0.49 - 0.56 High 4 

0.58 - 0.83 Very High 5 0.57 - 0.8 Very High 5 

Normalized 
Difference 
Vegetation 

Index (NDVI) 

−0.06 - 0.01 Very High 5 −0.07 - −0.01 Very High 5 

7 

0.02 - 0.03 High 4 0 - 0.02 High 4 

0.04 - 0.06 Moderate 3 0.03 - 0.04 Moderate 3 

0.07 - 0.1 Low 2 0.05 - 0.06 Low 2 

0.11 - 0.31 Very Low 1 0.07 - 0.14 Very Low 1 
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Continued 

Sediment 
Transport 

Index 
(STI) 

0 - 97 Very Low 1 0 - 73 Very Low 1 

3 

98 - 420 Low 2 74 - 277 Low 2 

421 - 992 Moderate 3 278 - 673 Moderate 3 

993 - 1789 High 4 674 - 1201 High 4 

1790 - 2749 Very High 5 1202 - 1683 Very High 5 

Stream 
Order 

1st Very Low 1 1st Very Low 1 

23 

2nd Low 2 2nd Low 2 

3rd Moderate 3 3rd Moderate 3 

4th High 4 4th High 4 

5th Very High 5 5th Very High 5 

Flow 
Accumulation 

(Pixels) 

0 - 2776 Very Low 1 0 - 1370 Very Low 1 

13 

2777 - 9590 Low 2 1371 - 5022 Low 2 

9591 - 27,257 Moderate 3 5023 - 12,897 Moderate 3 

27,258 - 52,999 High 4 12,898 - 18,831 High 4 

53,000 - 64,356 Very High 5 18,832 - 29,103 Very High 5 

Geological 
Formation 

Quaternary Sand, 
Gravel, and Silt 

Deposits 
Not Suitable 1 

Quaternary 
Sand, Gravel, 

and Silt 
Deposits 

Not Suitable 1 

10 

Atiyah Monzogranite, 
Alkali-Feldspar 

Granite 
Less Suitable 2 

Marabat Suite, 
Atiyah 

Monzogranite 
Less Suitable 2 

Conglomerate, 
Siltstone and Silicic 
Volcaniclastic Rocks 

Moderate 3 
Alkali-Feldspar 

Granite 
Moderate 3 

Andesitic lavas, 
Porphyritic 

Amphibolite and 
Pyroclastic Rocks 

Suitable 4 

Pyroclastic 
Rocks 

Suitable 4 

Igneous 
Intrusive Rocks 

High Suitable 5 

Total 100 

 
flash flood hazard. As illustrated in Figure 12 and Figure 13, a flash flood sus-
ceptibility map reveals that 9.16% of Wadi Surr channel runoff is sensitive to a 
very high risk of flooding, 50.13 % is vulnerable to a high risk, 40.36% is vulner-
able to a low risk, and 0.35% is vulnerable to a very low risk. Flooding threatens 
0.23 percent of the Wadi Zawhi region, 14.33 percent is high risk, 50.99% is me-
dium, 34.27% is low, and 0.18% is extremely low. They are particularly prevalent 
in the western edge of the Wadi Surr basin and the southwest side of the Wadi 
Zawhi basin. 
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Figure 12. Flood susceptibility map of Wadi Surr derived by the analytic hierarchy process method. 

 

 
Figure 13. Flood susceptibility map of Wadi Zawhi derived by the analytic hierarchy process method. 
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5. Conclusion 

This study aimed to construct flood susceptibility zones for the NEOM region 
watersheds using Multi-Criteria Decision Analysis (MCDA), precisely the AHP 
technique, remote sensing, and Geographic Information Systems (GIS). Ten 
flash flood conditioning criteria were developed to assess where hazardous flash 
floods are most likely to occur. Each flood conditioning factor was represented 
by a raster dataset developed in GIS. The AHP was used to create the factor 
weights depending on the information provided. The approach used in this 
study has the potential to be used to generate recommendations for flood man-
agement in the study region based on the findings. Furthermore, the methodol-
ogy used in this study can be successfully applied to other studies conducted in 
other parts of the world, using the same or similar data as that used in this study. 

6. Recommendations 

For the most vulnerable areas of the NEOM region against flooding: 
1) Water defense infrastructure is required, including natural defenses like 

dunes and artificial defenses like dikes, dams, and storm surge barriers. Sensors 
activate when the water level in the surrounding area rises, closing the barrier’s 
walls and filling its water tanks. The walls are pressed firmly against their bases 
by the water pressure, preventing floodwaters from breaching the gates. Large 
swaths of the NEOM region would be flooded if these defenses were not in place. 
Minor engineering procedures include terraced farm crops, stone walls on a 
balk, and the development of forested lands and pastures (stabilizing small 
stream beds with stone thresholds, strengthening steep slopes, and stabilizing 
drainage ditches). By limiting the effects of increased runoff from urbanization, 
non-structural techniques such as spatial planning can help reduce hazards in a 
flash flood-prone catchment. Storms can cause violent shifts or develop, result-
ing in significantly higher water levels, posing a significant flood risk to coastal 
areas and communities near large lakes. 

2) Flood susceptibility mapping is helpful for planning flood disasters and 
emergency flood response. Estimating flood susceptibility areas should be a top 
priority for policymakers, as it is crucial for national and local governments in 
flood-prone areas. 

3) Additionally, existing drainage and sewerage systems must be upgraded, 
and new high-quality rain drainage systems must be installed, particularly in 
relatively flat areas. 

4) The study recommends updating and accurate spatial geodatabases in hy-
drology, meteorology, topography, geology, and morphometry. 
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