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Shokry M. Abdelazizt Abstract
Mohamed I. Gad 3
Hassan S. Ahmed 4! Good management of flash floods requires accurate estimation for both

the hazard degrees and flood risk maps. Morphological parameters greatly
affect the strength of flood’s hydrograph and accordingly the flash flood
hazard degree. This study uses decision-making tools such as Multi
Criteria Analysis (MCA) and/or Multi-Attribute Utility Theory (MAUT)

Keywords to estimate the Gulf of Suez’s flash flood hazard degree, Sinai Peninsula,
Multi-Attributes Utility Egypt. The MAUT was applied successfully in estimating the hazard
Theory, flash floods, degrees of 56 basins in the coastal zone of the Suez Gulf. Based on the
morphological parameters, resulted correlation between all hydro-morphological parameters, only six
hazard degree, risk map. equal weight parameters were selected and used to calculate the hazard

degree. The results showed that, about 40 % of the 56 basins have high or
moderately high hazard degree. Values of the correlation factors between
the hydro-morphological parameters and the resulted hazard degrees are
ranged between 0.813 for basin’s Sinuosity and 0.011 for Centroid Stream
Slope. The weights of those parameters were non-linearly optimized to
make the correlation of all chosen parameters with the hazard degree
higher than or equal to the threshold value (0.6). Accordingly, percentage
of basins with high or moderately high hazard degree have decreased to 32
%. Capability and validation of current model have been achieved using
the damage information of some flood events in the last few decades. The
comparison between current model’s scenarios and flood events showed
that, all the affected basins that had high or moderated high hazard degree
are highly coincide with the real cases.

Abbreviations:
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1. Introduction

An accurate estimation of the flash flood hazard degrees can be used to recognize areas vulnerable
to high flooding and to design works and infrastructure for flood control and to prepare new land
use for future development plans [1]. Several researchers indicated that, the morphological
parameters of the basins are the most significant factors affecting the strength of the flood
hydrograph and should be considered in any flash flood risk assessment studies [2-4]. To estimate
the flash flood hazard degrees based on hydro-morphological parameters, a decision-making tool
such as Multi-Criteria Analysis Technique (MCA) has been widely used [3,5-8]. One of these MCA
techniques is the Multi-Attribute Utility Theory (MAUT). The overall hazard degree for each Basin
is defined in MAUT as a weighted addition of its values with respect to its relevant attributes. This
relative value is called the Utility Function that could be estimated assuming linear, concave, or
convex shape [9]. The key issue in selecting the type of these functions is their inability to predict
revealed behaviour [10].

Additional challenge in the MAUT is the weight and the selection of the independent attributes.
Seven plus or minus two attributes is proposed by several studies [11-13]. Hall [14] has concluded
that good attributes should be highly correlated with the objective and uncorrelated with each other.
Also, the weights of the attributes should be adjusted according to the relative importance of the
attribute i"" relative to the others. The simplest is the ‘Equal Weights Method” where the decision
maker gives the same weight to all attributes. No attention was paid to the shape of the utility
function or the weight of each parameter in previous studies concerning flash flood hazard degrees.
They usually apply linear function with equal weights for all analysed parameters regardless their
number [3,7,8]. The presence of the extreme high or low values of the parameters used may lead to
biased results and may cause skewness to the resulted hazard degree. At least 20 % of the basins
included in any study may have extreme outlier values in one or more parameters and should be
removed before estimating the hazard degree. In addition, given equal weight to all parameter
without any statistic basic or parameters importance is another Problem. Odu [15] has evaluated
different weighting methods applicable to multi-criteria optimization techniques. The study had
emphasized on the use of these weighting methods in determining the criteria preference of each
criterion to bring about desirable properties.

Several fatalities and enormous damages to infrastructure in urban centres, such as bridges, roads
electric poles, and water and oil pipelines, have been reported in several flash floods in the Sinai
Peninsula [16,17]. Examples of these floods are the flood in Wadi El-Aawag in 1991, which
damaged some houses in EI-Wadi village and killed some livestock, the flood in Wadi Water in
2004, which destroyed 40% of the highway to Nuweiba city, and the flood in Wadi EIl-Arish in
2010, which crossed Al-Rawafa Dam and destroyed Mubarak-sport city in El-Arish city [19,20].
Also, flash floods are an important source of water in arid and semi-arid areas [1,21]. Major
challenges in these areas are the safety and protection of the infrastructures and the sustainable
management and development of the flood’s water, the important water resource in this region. In
present study, the ability of three different utility functions to manage the extreme outlier values are
examined and investigated. In addition, to decrease the number of attributes and adjust their relative
weights, a correlation-based criterion is developed and applied. The study is linked to the Gulf of
Suez area, Sinai Peninsula. In terms of local topography, accessibility and water availability, this
region strongly attracts human occupation as it represents desired areas and has been affected
during recent years by frequent violent desert flash floods.

2. The Study Area

The study area is located on the eastern coast of the Gulf of Suez between latitudes 27°27'58" to
30°21'47" N and longitudes 30°51'20" to 35°59'6" E within the southwest Sinai as shown in Fig. (1-
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a). It is an elongated northwest-trending zone with approximately 300 km long and 20-40 km wide
parallel to the Gulf of Suez with total surface area of 12260 km?2. Land uses, including tourism,
urbanization, land reclamation, medical tourist, industrial and petroleum activities, are dominated
by heavy showers accompanied by sporadic torrential floods, coastal erosion, and sand
encroachment hazards [19,20].

In addition, short winters from January to March and extreme aridity, long hot and rainless
summers from April to October distinguish the climate conditions of the study area. In summer and
winter, the average temperature is 27 and 17°C respectively. Evaporation values increase toward
south Sinai Peninsula about the continental effect, while the annual evaporation rate approaches 10
mm/day for EI-Tur, 12 mm/day for Ras Sudr and 17.9 mm/day for Sharm EI-Sheikh. In addition,
the mean annual rainfall is 10 mm/year for EI-Tur, 15.4 mm/year for Ras Sudr, 21.5 mm/year for
Abu Rudeis, and 63 mm/year for St. Catherine [20]. Some areas experience brief but intense rainfall
during the winter months that sometimes causes extreme flash floods. The highest amounts of
rainfall recorded in one day were 21 mm in Ras Sudr, 19 mm in EI-Tur, 24 mm in Abu Rudeis, and
48 mm in Sharm El-Sheikh. Figure (1-b) shows the geological setting of the study area, Suez Gulf
Basins. The rocks that outcrop it are belong to Pre-Cambrian, Pre-Tertiary, Tertiary and Quaternary
[22-24]. Most of the coastal plain, especially El Qaa plain, is covered by the Quaternary deposits,
while the Tertiary and Pre-Tertiary sediments are mainly located in the northwestern parts from
Gabel Qabaliat to EI Tur. The study area can be divided into a several zones. El Qaa plain, located
in the southern parts, is covered by sand dunes and deposits. At the north, limestone, clay and initial
rocks can be found. In addition to layers of Sabkha deposits and marine fossils, other rock
compositions can be found in the eastern mountains, including Granitr, Alserbeltan, Limestone,
Carbonate and phosphate rocks.
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Figure 1: Study Area (modified after Elsayad 2013).

It is possible to classify the geomorphological units recognized in the study area as follows:

e The eastern mountainous region which characterized by high relief with altitudes ranging
between 300 m and 2624 m.

e The Western Sedimentary region which represented by Gabel El-Qabaliat and some hillock,
e.g., Gabel Naqus and Gabel Hammam Saydna Musa. It has an average elevation of 250 m with
moderate slope towards EI-Tur plain. It is characterized by dense consequent net of drainage
lines that following the general slope towards the east.
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e Saline sand (Sabkhas) that are present either in the coastal area or inland in different patches at
the south of El Tur and along Gulf of Suez coast. In most cases, parallel drifting sands cover the
surface. The sabkhas are of lagoonal origin in south EI Tur area. These sabkhas are,
hydrologically, sources of saline water feeding the adjacent sediments.

e The central plain, which formed mainly during Quaternary periods, can be described as a pen
plain. It is categorized into four sectors: Bilaiyim, Sudr, Ras Malaab, and EI-Tur coastal plain.
However, it is not exactly flat and is dissected by Wadi courses terraces, playa deposits, alluvial
fans with sand dune and sheets. According to their catchment areas, the hydrographic basins are
classified into major and minor basins. The upstream portions of the major basins are located
along the mountainous areas, while they are locally constituted the coastal hills in the minor
basins.

3. Materials and Methods

The data collection methodology and the theoretical technique used to evaluate the Flash Floods

Hazard Degrees are described and summarized in Figure (2).

e The study of morphometric basin characteristics in Gulf of Suez Basins is based on the analysis
of a 90 m resolution Digital Elevation Model (DEM) file obtained from SRTM3 (Shuttle Radar
Topography Mission) via the TOPAZ module [25,26].

e The Watershed Modeling System (WMS v.11.) package is used to delineate the watershed
boundaries and their characteristics, and the hydro-morphometric drainage characteristics of
terrain are extracted too.

e Pearson's correlation coefficients between morphological variables are estimated. Based on the
results, the uncorrelated parameters are selected.

e Based on their effect on flash flood hazard, these variables are divided into two groups. The first
group includes the ascending hazard degree variables (high values represent the higher hazard
degree), while the second group includes the descending hazard degree variables (low values
reflect the higher hazard degree).

e The Single Utility Function (U;) for each variable is constructed by arranging the assigned
values for all basin in ascending or descending order.

e Three different utility functions are tested and compared to each other to estimate the hazard
degree of the selected basins. Those functions are Linear, Logarithmic, and Rank-Dependent
Utility (RDU) functions.

e In addition, the Multi-Attribute Utility Theory (MAUT) is used to estimate the hazard degree
using equal weights for all variables.

e Using the Generalized Reduced Gradient method (GRG Nonlinear [27]) by Excel Solver, the
weights of these attributes are then optimized nonlinearly to make the correlation of all chosen
attributes with the hazard degree higher or equal to the threshold value.

e Finally, to identify the different basins as shown in Table (1), the relative hazard degrees of the
studied basins with respect to flash floods are calculated according to MAUT with the
optimized weights.

Table 1: Classification of relative hazard degrees.

Hazard Degree Class of the hazard degree
0.0-0.2 Low (L)
02-04 Moderately Low (ML)
0.4-0.6 Moderate (M)
06-0.8 Moderately High (MH)
0.8-1.0 High (H)
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Figure 2: Flowchart of the risk map method.

3.1 Multi-Attribute Utility Theory (MAUT)

MAUT is one of the widely used decision maker methods. It represents the preferences of the
decision-maker as a function, called the Utility function U [28]. MAUT is a way of measuring the
desirability of the preference of objects, called Alternatives. It depends solely on the reference level
and not on the absolute level. It has an interval range from zero, which reflects the least preferred
performance, to one, which corresponds to the best attribute performance. In present study, MAUT
could be used to estimate the flash flood risk assessment. MAUT is suitable for structured problem
where utility function is known. It has the ability of making a complete ranking of the given
alternatives, specifically, in our problem. Moreover, the methodology of the MAUT that used in
current study depends on the Multi-Attribute Utility Function (U) in the form of U (di, do, .... dh).
Where ds, dz, dn represent independent parameters. In the sense that the decision maker’s attitude
towards risk with respect to d; is not affected by values of the other fixed attributes. The Utility
function U is either additive or multiplicative. Due to its simplicity, the additive function could be
used as:

U(dy, dgy e eeedy) = T W U (d) oo, e, )

Where U; are utility functions scaled from zero to one for the parameter i. The w; values are scaling
constant or weight of the i attribute with 0.0 < w;i <1.0, where:

DI Wy = L0 (2)

The multivariate utility function U (ds, do, .... dn), given by Eq. (1), should be rescaled from 0 to 1.0
to ensure the presence of all classes applying Eqg. 3:
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Uldydgmmlln) =Umin
U:l:l:ln:r_U:l:l:lr':l:l

Udy, dyy o0 poscated = .. (3)

3.2 Selection of the variables

It is the process of identifying and removing irrelevant and redundant information as much as
possible. This reduces the dimensionality of the data. Keeney and Raiffa [28] suggested five
properties that are desirable for selecting a set of attributes (completeness, operational,
decomposable, non-redundancy, and minimum size). Yurdakul and Tansel [29] argued that most of
studies completely ignored constructing formal procedures for the selection of attributes. Several
studies suggested seven plus or minus two criteria for a selection problem [11-13]. Hall [14]
mention that good attributes should be highly correlated with the objective and uncorrelated with
each other. Yurdakul and Tansel [29] applied these criteria using 0.65 as threshold value for
positive correlation and -0.65 for negative correlation.

3.3 Single utility function

Moreover, the third step of MAUT is the selection of proper utility functions in which the shape of
the utility function represents the risk-attitude of the decision maker. It could be linear, logarithmic,
exponential, or any other suitable shape. Linear utility functions are frequently used in flash flood
hazard [6,7].

(di—dmin)
U(dy) = —220mind e @)

|
(dmay—Emin)

Where U;(d;) is the utility function of attribute d, dmax and dmin are the higher and lower estimated
values of any attribute d. Extreme outliers leads to inflated error rates and substantial distortions of
parameter and statistic estimates and should be removed before estimating dmax and dmin.
Furthermore, several utility functions are tested including logarithmic and Rank-dependent utility
functions (RDU). The logarithmic utility function is one of commonly used utility function.

log (d;)—log (dmin)

U(d,) = —Z00708 Bmin) ) )

{aﬂidmnw]_log I:d””_”-]

Laghrabli et al. [30] argued that utility function cannot have a unique curvature. It may have two or
more behaviours adopted simultaneously. Rank-Dependent Utility (RDU) that originally developed
by Quiggin [31] has been proposed as alternative utility function in decision making under risk in
recent years [31-33]. RDU assumes that the weight assigned to outcomes is a function of their rank
in the distribution of possible outcomes. In this article, the data given for all the basins in each
parameter are arranged in ascending or in descending order according to the behaviour of this
parameter. The utility function U;(d;) is then calculated as the ratio between the rank value and the
total number of the basins.

Rank order

Ud) = — e, (6)

number of Basins

3.4 The weights of the variables

Moreover, the most important step of MAUT is the scale constant or the weight of the attributes. It
should be adjusted according to the relative importance of the attribute it relative to the others.
Several weighting methods have been proposed in the literature by Wang et al. [34]. The simplest
one is called ‘equal weights method’ where the decision maker give the same weight to all
attributes. Additionally, the ‘rank-order method’ was classified by Wang et al [34] to three
categories, namely, (a) subjective weighting method (depends on the preference of decision-
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makers), (b) objective weighting method (obtained by mathematical methods based on the analysis
of the initial data.) and (c) combination weighting method. In this study, a technique based on
objective weighting method and the correlation matrix is adopted and used. As mentioned before,
the attributes should be highly correlated with the objective. The method can be summarized as
follow:

1. Initially, an equal weight value is given to each attribute in form
1
W, = PR I T L L L e LT P L P e LR P P PP EPP PP ERRRPPRRHEY @)
2. The MUF is calculated and its correlation with each attribute is calculated
3. Then, the weights are optimized in the way that the correlation between the resulted hazard

degree and each attribute should be greater than a threshold value.
Max Yi—g ABS(COTT;j) oooiiiiiiiiiiiieiiiee (8)
Where, (corrij) > threshold.

::I:U w; = 1, W e (9)

4. Results and Discussions

The morphometric drainage characteristics of terrain surfaces of the studied 56 drainage basins
were performed using WMS as shown in Fig. (3). The computed non-parametric hydro-
morphological variables include the basin drainage area (A), the basin average slope (BS), the
average overland flow (AOLF), the basin length (L), the basin shape factor (Shape), the basin
sinuosity factor (SIN), the basin average elevation above mean sea level (AVEL), the basin
maximum stream length (MSL), the basin maximum stream slop (MSS), the basin perimeter (P),
the basin centroid stream distance (CSD), and the basin centroid stream slope (CSS).

Figure 3: Drainage network of the studied basins extracted by WMS
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The basic statistics of the selected non-parametric hydro-morphological variables show high
variation in the basins characteristic data. The area (A) of the drainage basins ranges from 7.6 km?
for N- Kabalyatl basin, to 1915 km? for Al-Aawag basin, with mean value of 239.5 km? and
standard deviation of 398.7 km?. The Basin Slope (BS) ranges from 0.021 to 0.395 with mean value
of 0.112 and standard deviation of 0.079. The high BS value reflects a high tendency to generate
great runoff and sediment load yields. This variation in the data could be an indication of the
present of outliers.The Box-and-Whisker's plot of the extracted hydro-morphological parameters is
shown in Fig. 4, where the original 12 non-parametric hydro-morphological parameters as a
percentage of their maximum value are shown. It also displays the three quartiles, Q25, Q50 and
Q75 on a rectangular box in addition to each parameter’s extremely high values that may lead to
unrealistic risk factor (extreme outliers) and need to be excluded. As a result, the excluding of these
extreme outliers in the linear utility function enhances the utility shape.
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Figure 4: Box-and-Whisker's plot of the 12 hydro-morphological parameters as a percentage from its
maximum values.

Using the criteria described in the current study, the estimated 12 hydro-morphological parameters
are statistically analysed using Pearson's correlation coefficient considered the most applicable in
multivariate correlation [35]. Correlation matrix of these different variables is obtained as shown in
Table (2).

Table 2: The correlation coefficients matrix between the selected variables of the studied area.

A BS |AOLF| L Shape | Sin |AVEL| MSL | MSS P CSD | CSS

A 1.00 | 0.26 | -0.22 | 0.83 | -0.34 | 0.62 | 0.50 | 0.86 | -0.30 | 0.92 | 0.83 | -0.26
BS 1.00 | -0.09 ) 032 | 005 | 017 | 0.83 | 030 | 057 | 0.33 | 0.31 | 0.47
AOLF 1.00 | -0.27 | 054 |-050|-0.11| -035 | 0.19 [-0.30 | -0.32 | 0.16
L 100 | -0.17 | 075 | 065 | 098 | -0.31 | 0.97 | 0.98 | -0.33
Shape 1.00 | -0.34 | 0.07 | -0.26 | 0.26 | -0.27 | -0.20 | 0.15
Sin 1.00 | 0.39 | 0.80 | -0.50 | 0.75 | 0.76 | -0.54
AVEL 100 | 062 | 0.36 | 0.63 | 0.65 | 0.28
MSL 1.00 | -0.32 | 098 | 0.99 | -0.32
MSS 1.00 | -0.31 | -0.31 | 0.94
P 1.00 | 0.96 | -0.29
CSD 1.00 | -0.31
CSS 1.00

Based on Pearson's correlation coefficients, six Attributes are selected including the basin drainage
area (A), the basin average slope (BS), the basin shape factor (Shape), the basin sinuosity factor
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(Sin), the basin average overland flow (AOLF), and the basin centroid stream distance (CSD). The
remaining 6 attributes could be eliminated. The basin catchment area (A) is highly positively
correlated with L, MSL, P and CSD (with correlation coeff. of 0.83, 0.86, 0.92 and 0.83;
respectively). So, the area A was selected as an independent attribute, while, L, MSL, P and CSD
were eliminated. In addition, the Basin Slope (BS) is highly positively correlated with AVEL
(0.83). Consequently, BS was selected and AVEL was eliminated. Both the AOLF and the Shape
Factor were not correlated with any other criteria, so that they were considered as independent and
were selected. The Sin Factor was highly correlated with L, MSL, P and CSD (with correlation
coeff. of 0.75, 0.8, 0.75, and 0.76; respectively) which have already been eliminated and the Sin
Factor was selected. The MSS was only correlated with the CSS. So, CSS was selected, and MSS
was eliminated. These attributes were divided according to their effect on flash flood risk to two
groups. The first group includes the A, BS, Sin, and the CSS. This group reflects the ascending
hazard degree (high values reflect the higher hazard degree) (Fig. 5 (a-d)). While the second group
includes the Shape Factor and the AOFL with descending hazard degree (low values reflect the
higher hazard degree) (Fig. 5 (e and f)).

1 -
- = = 08 -
p g g
2 £ =
g E E 0.6 -
& & ]
.*E‘ E 5 0.4
5 o S 02
0
Basin Slope (BS) Sinuosity factor (Sin)
b)- Basin Slope. ¢)- Sinuosity Factor.
17 % Shape 1 AOFL
= 5 o08- W =08
g g =
= 2 2
g T 0.6 - £0.6
= g g
= = =
& | o4 -
g z 0.4 b0'4
£ =} =
- S 02 502 -
“ T T T . 1 0 T T 1
0.000 0020 0040  0.060 0 5 10 15 20 25 1000 2000 3000 4000
Centroid stream Slope (CSS) Shape factor (Shape) Average overland flow (AOFL)
d)- Centroid Stream Slope e)- Shape Factor. f)- Average Overland Flow.

Figure 5: Comparison between Linear, Logarithmic and RDU Utility functions for all selected attributes
(RDU = Rank-Dependent Utility Function; L = Linear Function; L.W.O = Linear Without
Outliers; Log = Logarithmic Function).

Excluding the Sin, all the attributes have a decreasing marginal utility (risk-averse). While the Sin
utility has sometimes an increasing and sometimes a decreasing one, i.e., neither risk-averse
(everywhere) nor risk-seeking (everywhere), as shown in Fig. 5. Using the Linear without Outliers
or the Logarithmic Shape function is seemed to be suitable for all parameters except the Sin.
Moreover, the RDU shows the real distribution of all the data which may be suitable for the utility
functions.

In addition, applying an equal weight value (1st scenario) for all attributes, the model showed
relatively high correlation with all parameters except CSS which has a very low correlation value
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(0.011) with the hazard degree (Fig.6). Accordingly, this parameter is excluded in the second
scenario and its weight is redistributed to the other parameters.
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b)- Basin Slope (Correlation = 0.616).
¢)- Sinuosity Factor (Correlation = 0.813). d)- Centroid Stream Slope (Correlation = 0.011).

e)- Shape Factor (Correlation = 0.575). f)- Average Overland Flow (Correlation = 0.638).

Figure 6: Comparison between the Single-Utility Function (SUF) and the Multi-Utility Function (MUF) for each
parameter for the 1% scenario.

a)- Area (Correlation = 0.781).

Accordingly, in the 2" scenario, only five attributes are used, and the weights of these attributes are
nonlinearly optimized using GRG Nonlinear to make the correlation of all chosen attributes with the
hazard degree higher or equal the threshold value (Fig. 7 & Fig. 8a). This implied that these
attributes are highly correlated with the hazard degree and low correlated with each other. Table 3
shows the Assigned weight values for each attribute.

Applying the above-mentioned procedure, the relative hazard degree of the chosen 56 hydrographic
basins concerning flash floods was estimated (Table 4). The results exhibit eleven highly hazardous
basins (H class) with 20% from all studied basins. Their names are EI-Raha, Werdan, Gharandal,
Teba, Al-Khaboba, BaaBa, Sedri, Firan, Al-Aawag, Abu Garf and El-Mahash. Moreover, the
moderately highly hazardous basins (MH class) include E-Elaat basin, Eghshy basin, Thiman basin,
Kabalyatlbasin, N- Kabalyatl basin, Nakhl basin, Retal basin, Waset basin, Sedr basin, Lahata
basin, Robayna basin, Elhag basin, N Elhag basin, E. Geddi basin and Elmelez basin with total ratio
of 27%. The moderately hazardous basins (M class with total ratio of 19%) include N Mabook
basin, Merbaa basin, Raud Elraha basin, N Seada basin, Seada basin, Abo Megarar basin, Kabalyat2
basin, Selly basin, Lethi basin, Markha basin, and SW-Elaat basin. Moreover, the moderately low
hazardous basins (ML class) reached 25% from the total basins (25 basins). They include E Elmelez
basin, E Geddi Mabook basin, Abo Ramath basin, Kohli N basin, Raud Elraha basin, S-Thiman
basin, Robes basin, S-Robes basin, EI-Raboud basin, Meeh basin, W-Elaat basin, Middle Elaat
basin. Accordingly, the rest of the studied basins (five basins) cover the low hazardous basins (L

136



Shokry M. AbdelAziz et al., Flash Floods Hazard Degrees Assessment Applying Multi-Attributes ...

class). Fig. (8.b) reveals the number of basins in each group while Figure 9 shows the risk map for

the two scenarios.

On the other side, when use the second scenario, some following remarks may be noticed:

1. Mathematically, the results of the second scenario are correlated to the expected hazard degree
as shown in the previous flood records (See validation paragraph)

2. The eleven highly hazardous basins (H class) in the 1% scenario decreased to ten basins while
El-Raha, BaaBa and Sedri basins were replaced by El-melez and E-Elaat basins due to applying
of 2" scenario. This may be attributed to the drainage characteristics of terrain surfaces of these
basins (Table 4) reflect great tendency of these catchments to receive flash floods with peak
runoff because of weathered and fractured nature of the volcanic bedrock.

3. The fifteen moderately highly hazardous basins (MH class) increased in number from fifteen to
eighteen basins but El-melez and E-Elaat basins were replaced according to second scenario
results by El-Raha, Seada, Baaba, Sedri and selly basins.

4. The total number of moderately hazardous basins (11 basins with total ratio of 19%) didn't
change. The only change in this M class is the replacement of Seada and Selly basins by Abo
Ramath and Middle Elaat basins.

5. The total number of moderately hazardous basins (11 basins with total ratio of 19%) didn't
change. The only change in this M class is the replacement of Seada and Selly basins by Abo
Ramath and Middle Elaat basins.

6. The fourteen moderately low hazardous basins (ML class) decreased after applying 2" Scenario
from 14 to 12 basins. Abo Ramath, S-Robes and Middle Elaat basins were disappeared and
Elsaer basin was appeared.

7. The number of five low hazardous basins (L class) didn't change but S-Robes basin replaced
instead of Elsaer basin.
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Figure 7: Comparison between SUF and MUF functions for each parameter for the second scenario.
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Table 3: Assigned weight for all attributes of the study area.

Scenario A BS Shape Sin AOFL CSS
Scenario 1 (equal weight) 0.1667 0.1667 0.1667 0.1667 0.1667 0.1667
Correlation with Hazard <781 0.616 0.575 0.813 0.638 0.011
Scenario 2 (objective method) 0.094 0.37 0.269 0.066 0.202
Correlation with Hazard 0.7VY +.640 +.640 0.748 0.640
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Figure 8: Correlation between attributes and hazard degree (left map) and number of basins classified in each group
(right map).
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Figure 9: Location map of the promising Deltas for tourism projects at Suez Gulf Wadi systems (Yellow colour).
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Table 4: The flash flood risk classes based on MAUT extracted from WMS and STA.
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5. Validation

Validation of the results of the flash hazard risk analysis seem to be difficult. Damage information
of some pervious flood events occurred in the last few decades could be collected. The obtained risk
map could be compared with those major hazard flash floods and found that they are highly
coincided. Data in Table 6 extracted from the published articles [37,38], the dissertation [19] and
the newspapers’ archive. The results showed that all the affected Wadies were considered high or
moderately high risk in the two scenarios.

Table 6: Validation of the two scenarios with the recorded previous floods (Source [38]).

Date Location Flood effects 1% Scenario | 2" Scenario

(e}

e} ..

g Wadi Sudr The flood caused the death of 5 passengers inside MH MH

N acar.

©

—

8

o - Damage of the main road following Wadi Firan

= Wadi Firan and some houses in El-Tarfa village. H H

o

R |eWadi Al- H H

% Aawag & Some houses in Wadi Al- Aawag were destroyed,

§ ¢ EI-Mahash and some animals died.

S H H
* Wadi Firan o A flash flood occurred in most of sub wadies H H

S like wadi Elshekh and wadi Elakhdar. The

Q present of wadi Elakhdar dam stored 6 m height

g of water behind it. This protected the roads

= following Wadi Firan.

= . o Several areas around Ras Sudr City were
* Wadi Sudr isolated and Some houses are destroyed MH MH
e \Werdan, H H

o | Gharandal, The construction of dams and other flood control H H

S | Teba, works protected the roads and houses and stored H H

§ ¢ Baaba, 250 thousand cubic meters behind Teba and H MH

S | e Sedri, Shiba dams and 600 thousand cubic meters H MH

~ | eFiran, and behind wadi Elakhdar and Salaf dams H H
o Al-Aawag H H

6. Conclusions and Recommendations

Protection measurements of flash flood which depend solely on the recurrence interval have been
adopted for long time giving weightless to their watershed's hydro-morphological parameters.
Present research introduces the ability of using the Multi-Attribute Utility Theory (MAUT)
technique with watershed parameters in designing flash flood events. Among the 12 morphological
parameters extracted from the Gulf of Suez Basins, only six uncorrelated parameters were selected
and used to calculate the hazard degree. These parameters were divided into two groups; the first
group introduces parameters that reflect the ascending hazard degree, and it includes A, BS, Sin,
and the CSS. The second group introduces parameters that reflect the descending hazard degree,
and it includes both the Shape Factor and the AOFL. Results showed that, the Rank-Dependent
Utility (RDU) is the best to reflect all data’s real distribution. In addition, given equal weight to the
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six parameters, values of the correlation between the hydro-morphological parameters and the
resulting hazard degrees ranged from 0.813 for basin’s Sinuosity to 0.011 for Centroid Stream
Slope. Using non-linear weights optimization of those parameters, to make the correlation of all
chosen parameters with the hazard degree higher than or equal to the threshold value, percentage of
basins with high or moderately high hazard degree has decreased from 40 % to 32 %. In the two
suggested scenarios, Wadies of Firan, Al-Aawag, Teba, Gharandal, Werdan, EI-Mahash, Abu Garf
and Al-Khaboba have been classified as highly hazard degree basins.

The study results were validated using data of the few available flash flood events in the past few
decades in the studied area. It was found that all the affected Wadies were high or moderately high
risk in the two scenarios. Although the study concentrated on the morphological parameters, other
data such as climate, weather, and soil texture data are of comparable and even have higher
importance and are recommended to be considered in any future studies. From the environmental
point of view, it is difficult to completely control flash floods and special attentions should be
given. Finally, further studies concerning the flash flood environmental hazards are still needed.

References
[1] Gad, M.I1.M., Assessment of surface water runoff in some wadis of west Sidi Barani area,
Northwestern coastal zone, Egypt. Egypt. J. P. Sci. Vol. 48, pp. 67-85, 2010.
[2] Abdo H.G., Evolving a total-evaluation map of flash flood hazard for hydro-prioritization based on

geohydromorphometric parameters and GIS-RS manner in Al-Hussain River basin, Tartous, Syria. J.
Nat. Hazards. Vol. 104, pp. 681-703, 2020. https://doi.org/10.1007/s11069-020-04186-3 .

[3] Elmoustafa, A., Mohamed, M., Flash Flood Risk Assessment Using Morphological Parameters in
Sinai Peninsula. Open J. Modern Hydrology. Vol. 3, pp. 122-129, 2013.

[4] Prama M., Omran A., Schroder D., Abouelmagd A., Vulnerability assessment of flash floods in Wadi
Dahab Basin, Egypt. Environmental Earth Sciences pp. 79:114, 2020.
https://doi.org/10.1007/s12665-020-8860-5

[5] Chen N., Zhang Y., Wu J., Dong W., Zou Y., Xu X., The Trend in the Risk of Flash Flood Hazards
with Regional Development in the Guanshan River
Basin, China. Water 2020, Vol. 12, 1815, 2020. doi:10.3390/w12061815

[6] Koem C., Tantanee S., Flash flood hazard mapping based on AHP with GIS and satellite information
in Kampong Speu Province, Cambodia. Int. J. of Disaster Resilience in the Built Environment,
Emerald Publishing Limited ISSN:1759-5908, 2020. DOI 10.1108/1JDRBE-09-2020-0099.

[7] Gad, M.1,, EI-Shiekh, A.E., Khalifa, R.A., Ahmed, K.A., Flash Flood Risk Assessment Applying
Multi-Criteria Analysis for Some Northwestern Coastal Basins, Egypt. European J. of Business and
Social Sciences. Vol. 4(10), 2016.

[8] Ali, K, Bajracharyar, RM., Raut, N., Advances and Challenges in Flash Flood Risk Assessment: A
Review. J. Geogr Nat. Disast. Vol. 7(2), 2017. doi:10.4172/2167- 0587.1000195.

[9] Vrbova, L., Hajek, J., Monte Carlo Simulation of Utility Function Shapes. The 8th Int. Days of
Statistics and Economics, Prague, Czech Republic, 2014.

[10]  Pennings, J.M.E., Garcia, P., Strategic Risk Management Behavior: What Can Utility Functions Tell
Us? 2004 Annual meeting, August 1-4, Denver, CO 20388, American Agricultural Economics
Association (New Name 2008: Agricultural and Applied Economics Association), 2004.

[11] Miller, G.A., The magic number seven plus or minus two. J. Psychol. Rev. Vol. 63(2), pp. 81-97,
1965. https://doi.org/10.1037/h0043158.

[12] Saaty, T. L., 1980. The analytic hierarchy processes. McGraw-Hill, New York.

[13]  Chen, S.J., Hwang, C.L., Fuzzy multiple attribute decision-making, methods, and application. Berlin:
Springer-Verlag, 1992.

[14] Hall M.A., Correlation-based feature selection for discrete and nu- meric class machine learning.
Proceedings of the 17" Int. Conf. on Machine Learning (ICML '00), pp. 359-366, Morgan
Kaufmann, San Francisco, Calif, USA, 2000.

142


https://doi.org/10.1007/s11069-020-04186-3
https://doi.org/10.1037/h0043158

Shokry M. AbdelAziz et al., Flash Floods Hazard Degrees Assessment Applying Multi-Attributes ...

[15]

[16]

[17]

[18]

[19]

[20]
[21]
[22]

[23]
[24]

[25]

[26]
[27]
[28]
[29]

[30]

[31]
[32]

[33]

[34]

[35]

Odu G.O., Weighting Methods for Multi-Criteria Decision-Making Technique. J. Appl. Sci. Environ.
Manage, Vol. 23(8), pp. 1449-1457, 2019. DOI: 10.4314/jasem. v23i8.7

Eltahan A., Abd-Elhamid A., Abdelaziz S., Multivariate statistical analysis of geomorphological
parameters for Sinai Peninsula. AEJ - Alexandria Engineering Journal, 2020, DOI:
10.1016/j.aej.2020.10.059

El Afandi, G., Morsy, M., El Hussieny, F., Heavy Rainfall Simulation over Sinai Peninsula Using the
Weather Research and Forecasting Model. Int. J. Atmospheric Sciences. Vol. 2013, Article 1D
241050, 2013.

Prama M., Omran A., Schroder D., Abouelmagd A., Vulnerability assessment of fash foods in Wadi
Dahab Basin, Egypt. J. Environ. Earth Sci. 79, Article114, 2020. https://doi.org/10.1007/s12665-020-
8860-5.

Sherief S.Y., Flash floods and their effects on the development in El-gaa plain area in South Sinai,
Egypt, a study in applied geomorphology using gis and remote sensing. Dissertation Universitét
Mainz, Germany, 2008.

Elsayad, M., Risk assessment of flash flood in Sinai. A thesis submitted to AASTMT for Master of
Science, 2013.

Abuel-lohom, N., Gad, M.I., Flash Flood Risk Assessment in Sana'a Basin, Yemen. J. Mansoura
Eng. (MEJ), Mansoura Univ. Vol. 59(3), C30-C48, 2011.

Jones, T.H., Geological Survey of the eastern coast Gulf of Suez, South of latitude 29°00'. Standard
oil of Egypt. Report N0.87, 1946.

Said, R., The Geology of Egypt. Elsevier Publishing Company. Amsterdam, New York, 377 P, 1962.

Webster, 1., Riston, N., Post- Eocene Stratigraphy of the Suez Rift in South-West Sinai, Egypt.
E.G.P.C., 6" Exploration Seminar, Cairo, March. 1, pp. 276-288, 1992.

Martz, M., Garbrecht, J., DEDNM: A software system for the automated extraction of channel
network and watershed data from raster digital elevation models. AWRA Proc. of the Geog. Inf. Sys.
and Water Res., pp 211-220, 1993.

Nelson, E.J., Woodruff, A.M., Dixon, E., Mud Canyon Fire: A hydrologic evaluation of rainfall
runoff from a Burned Watershed. Int. J. of Wildland Fire, Vol. 9(1), 2000.

Lee, H.T., Chen, S.H., Ye Kang, H.Y., A Study of Generalized Reduced Gradient Method with
Different Search Directions. J. Measurement Management. Vol. 1(1), pp. 25-38, 2004.

Keeney, R.L., Raiffa, H., Decisions with Multiple Objectives Preferences and Value Tradeoffs. John
Wiley and Sons, Inc., 1976.

Yurdakul, M., Tansel, iC.Y., Application of correlation test to criteria selection for multi criteria
decision making (MCDM) models. Int. J. Adv. Manuf. Tech. Vol. 40, pp. 403-41, 20009.

Laghrabli, S., Benabbou, L., Berrado, A., Estimating Utility Functions through Experimental
Designs. Proceedings of the Int. Conf. n Industrial Eng. and Operations Management Rabat,
Morocco. April 11-13, 2017.

Quiggin, J., A Theory of Anticipated Utility. J. Economic Behavior and Organization. Vol. 3, pp.
323-343, 1982.

Ryan M.J., Vaithianathan, R., Adverse Selection and Insurance Contracting: A Rank-Dependent
Utility Analysis. J. Theoretical Economics, De Gruyter. Vol. 3(1), pp. 1-20, 2003.

Adam, P., The Portfolio Standard Risk Model Based on Rank Dependent Expected Utility Model
with Quadratic Utility Function. Global J. Pure and Applied Mathematics. ISSN 0973-1768, Vol.
13(7), pp- 3801-3810. Research India Publications, 2017.

Wang, J.J., Jing, Y.Y., Zhang, C.F., Zhao, J.H., Review on multi-criteria decision analysis aid in
sustainable energy decision-making. J. Renew. Sustain. Energy Rev. Vol. 13, pp. 2263-2278, 2009.
Cohen, J., Cohen, P., West, S., Aiken, L., Applied Multiple Regression: Correlation Analysis for the

Behavioral Sciences. 3rd Edition, Lawrence Erlbaum Associates, Publishers, Mahwah, New Jersey
London, ISBN 0805822232, 2003.

143


https://doi.org/10.1007/s12665-020-8860-5
https://doi.org/10.1007/s12665-020-8860-5
https://ideas.repec.org/a/bpj/bejtec/vcontributions.3y2003i1n4.html
https://ideas.repec.org/a/bpj/bejtec/vcontributions.3y2003i1n4.html
https://ideas.repec.org/s/bpj/bejtec.html

JES, Vol. 50, No. 3, Pp. 127-145, May 2022  DOI: 10.21608/JESAUN.2022.59895.1030 Part A: Civil Engineering

[36] Abdel Fatah, M., Kantoush, S., Sumi, T., Integrated management of flash flood in Wadi system of
Egypt: Disaster prevention and water harvesting. Annuals of Disas. Prev. Res. Ins., Kyoto Univ., No
58, 2015.

[37] Eliwa, H., Murata, M., Ozawa, H., Kozai, T., Adachi N., Nishimura, H., Post Aswan High Dam
flash floods in Egypt: Causes, consequences, and mitigation strategies. Bulletin of Center for
Collaboration in Community Naruto University of Education No.29, 2015.

[38] Negm, A., Flash Floods in Egypt. Springer International Publishing, eBook ISBN 978-3-030-29635-
3, 2020.

144



Shokry M. AbdelAziz et al., Flash Floods Hazard Degrees Assessment Applying Multi-Attributes ...

Cilad) Basniia 31091 Ay a5 aladiialy Adaall) ciliLiadll g J gaud) salia ands
g-7 cwﬂ\@ﬁéﬂu\ﬂ\:\.ﬁjﬁ

1l padlal)
3oMY) adlai | ) 55 LaS 5yl ddaall) culiliadll 30y 5 ) 5 ) <ol gl & Aaliall il sl <l
L) ya 48 g Adliaall 4y ga¥) e Gliliandl) ay ) 695 ) ghadl) da jal ada ) joa8 ddaall) cililiasdll sal)
CLLadll Cay yaat (gl gad 3303 9O Lia ol 68 sall O alaal) S50 LS coliliandl) Ul 2 i) lalall
Adlall A pall aali 45 ) ghad da 3 (o (Uil s Glacadll 358 5 oy puaill Cilinie e 3 S da
el daaie Jolaill A8 jla Jie ) s g Tl L a5 gl (el il Sasill £ s s
Multi-Attribute Utility Theory <lew) sasia 313¥) 4 )k s Multi Criteria Analysis (MCA)
Aok Gkl a3 paas (sl da ddhie 8 A ldal Gliliagll llaall da o sl (MAUT)

o sal) el A8 H0l) Alalil) dshiall 8 (g3l 5 07T 2aal 3 ) ghadll s jo sl ~laiy MAUT

Ladh o ol jall o 450 W1 5 (zal a DU A 0lal) A o) 8 ) sall CoBlalaall apen (g glall Lol Y0 e 3l
O 2t e o o glail) @ elal 3 shall da 5ol Lealadiind 5 ¢ ) 1) 4 sluie <l i Can A
a5l 68 ) gall i alaall (g Tl V) Jal s i Cin gl i A i sl Alle 3 ) shd da 3 Ly Laga 01
Dl (v, 0V Y) A5 A DUSTnUOSity I ardl (A YY) G Al 5 sdadl) a5 Al
e JS3 3L COlaall Gl 5l ardasi g s a5 Centroid Stream Slope S el s )
a=aal (Threshold) aas s+, dad e J& Y 5 ) shadll da j0 Gy L Bl ¥ Jaad Jad
JYY ) e el ol Al 3 sladl) A jo <l A o) A Cacadd) canle el g i alall
CUladll 5 ) g dadll s 50wl e 4 )35 Al jall b adiiivall 23 saill daa (e il a3 )yl
LaS Apalall L0805 giad) b cund g il lilazagdl) oam ualald) s V) 5 clibul) aladinly bl
UL 5 7 all 23 sl aladiily A Hlaill A jall Leall cuals ll Cila gy jliad) oy &5 jlaall < yekil
JSiy (34 s Ainall ol Adladl 5 ) shadld) A 50 cld 3 _iliall 430 W) aen () cililiadll il dladll 5 3ed) 1)

Alle 2y el 3 el Gaakad Agla) K3 Lo Aiall YA e S

145



