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Abstract

Flash floods are a sudden natural hazard caused by successive heavy rains in a short period of time. The
world suffers from heavy and frequent rains due to climate change. So, the risk assessment of flash floods is
considered increasingly important and urgent. Egypt is considered one of the countries exposed to sudden
floods resulting from heavy rains, especially in Upper Egypt. Multi-criteria techniques are widely used to
study and analyze the causes and effects of natural hazards. In contrast to the traditional multi-criteria
techniques used in the process of estimating flood problems, we applied neutrosophic logic in this study that
has a great ability for simulating and reflecting uncertain human’s thoughts in real world problems. Our
study area sits in Southeast Sohag, and it is one of the most flash floods prone regions of Egypt's Eastern
Desert. This area of Sohag has suffered from frequent flash floods, with some flood events resulting in
human casualties in the last decades. This study focuses on using a neutrosophic stepwise weight assessment
ration analysis (N-SWARA) technique with remotely sensed data and geographical information system
(GIS) for producing a flash floods hazard map. The N-SWARA technique is applied to determine the weights
of various factors that related to flash flooding, including elevation, slope, topographic wetness index,
distance from the stream, flow accumulation, aspect, and flow direction. The obtained weight of selected
criteria used then to produce the flood hazard map (FHM) using a raster calculator tool in geographic
information system. The weight of each factor calculated by using the N-SWARA multi criteria analysis
method and obtained the following results: 0.39 for slope, 0.21 for elevation, 0.12 for distance, 0.08 for flow
direction, 0.05 for flow accumulation, 0.09 for TWI and 0.03 for aspect.

Keywords: Neutrosophic Set; Multi-Criteria Decision-Making Technique (MCDM); Stepwise Weight
Assessment Ratio Analysis (SWARA); Geographic Information System (GIS); Flood Hazard Map.

1. Introduction

The occurrence of extreme weather changes around the world has a significant impact on the frequency of
flood occurrence, as well as its dynamics, speed and destruction. Flash floods are considered as one of the
most common natural disasters worldwide which cause serious harm to humans the environment and
socioeconomic all over the world. Climate changes, as well as other geographical factors such as topography
and geomorphology, greatly affect the amount of surface runoff and, accordingly, the intensity of floods.
Therefore, the increase in flash floods and the increase in their damages all over the world needs continuous
studies and continuous updating in identifying and mapping the risks of flash floods.

Flash flood risk maps provide information about potential damage and help in decision-making on how to
prevent potential disasters. Geographic information system (GIS) and remote sensing (RS) technologies have
made significant contributions to the analysis of natural hazards. There are many factors that used for
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producing flash flood susceptibility maps and depends on the effect and importance of each independent
factor and varies between different areas, including elevation, slope, topographic wetness index, distance
from the stream, flow accumulation, aspect, and flow direction.

Multi-criteria decision-making analysis is a broad term that used to describe several models that facilitate
decision making and considering many criteria within a defined system. There have been a large number of
studies that combine remotely sensed data and geographical information system (GIS) with multi-criteria
decision-making techniques for producing a flash flood hazard map and planning and formulating more
flexible and accurate risk decisions [1-9].

In literature there does not exist any model which combined neutrosophic SWARA technique with GIS for
analyzing flash floods problems. The SWARA was introduced in 2010 in the MCDM field with a different
paradigm. It was created for the processes of decision-making which highlights making policy more than
classical decision-making process [10-13]. SWARA technique have several advantages as follows: (1) it is
a simple and straightforward technique, (2) experts can work together easily, (3) it is useful in gathering and
coordinating data from experts, and (4) it can assess expert judgment on the relative importance of criteria
in the weight determination process [14]

Our study focuses on extending the SWARA technique under neutrosophic environment and combining it
with remotely sensed data and geographical information system (GIS) for producing a flash flood hazard
map.

The structure of this research is planned as follow: Section 2 describes the study area and flash flood
influencing factors with details. Section 3 describes some basics of neutrosophic theory. Section 4 describes
the proposed method of neutrosophic SWARA based GIS. The application of the proposed method is
described in section 5. Section 6 describes results and discussions of study area using proposed method.
Section 7 summarizes research and conclusions of this study.

2. STUDY AREA AND FLASH FLOOD INFLUENCING FACTORS

The study area is situated in Upper Egypt in the southeast of Sohag governorate and is located between 26°
15'09" —27° 11’ 37" N and 31° 59’ 40" — 32° 35’ 40" E (Figure . 1). Physiographically, we can divide the
drainage basins of Sohag province into two sectors, one on the western side of the Nile River and another
on the eastern side.

Our study area is on the eastern of the Nile River. There is a limestone plateau on both sides of the Nile.
Cultivated land and Urban areas in the basin outlets remarkably dominate and the area is characterized by
elevations and undulating surfaces. Semi-arid and arid conditions are prevalent in Egypt [8]. Rainfall in the
Sohag region is very variable and can happen at high rates and unexpectedly. Susceptibility to floods
increases when the rate of rainfall is higher than the ability of the soil to absorb water and is higher than the
rate of water evaporation. [15] Mentioned in his research that the average annual rainfall on the eastern part
of the Sohag is 2.25 mm. More than 11 floods occurred from 1950 to 2000, with a range of 2 to 9 years
between floods occurring [8]. Regarding to temperature, the maximum recorded temperature was in August
(47.3 °C) and the minimum recorded temperature was in January (14-30.8 °C) [8]. The average temperature
in the area is 23.2 °C as appears in Table 1.
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Figure 1: Location of the Study area

Table 1: Climatic conditions in the Sohag region (EMA, 2000)

Maximum Minimum Average Maximum Average Average
Temp. Temp. Rainfall Rainfall Humidity Evaporation
47.3C° 04co° 41m/yr 17.8 mm 41%/yr 7.2 mm/yr

Susceptibility mapping and flood hazard mapping focus on determining influencing factors. To determine
the factors causing and influencing flash floods, the opinions of experts in the field are relied upon and the
use of previous studies. The choice of spatial criteria or factors is very important in decision-making analysis
[16]. [17] Used slope, elevation, distance from stream, and hydrologic units to implement a multi-hazard
approach hazard so as to ultimately evaluate and specify the appropriate locations for urban development.
While [18] assumed factors as follows: slope, cover type, elevation, land use, population density and distance
from river and mainstream for estimating areas prone to flood risk, and help water resources planners and
decision makers to focus on specific areas in order to perform a further detailed assessment of flood risk.
Also, [19] used lithology, slope, drainage network, wetness index of topographic, elevation and curvature as
influencing factors to establish a flood susceptibility map for the study area. As said by [20] , geological,
hydrogeological, and physio-geographical factors that affect flash floods include slope, soil type,
precipitation, catchment area and land use. Also,[8] used the following six flood causative factors: digital
elevation model (DEM), slope, distance from stream, topographic wetness index (TWI), lithological units,
and land use (LULC) and reclassify these based on their contribution and their effect on flood probability.
Both elevation and slope have the highest values in terms of susceptibility of flooding, while the area of low
slopes and low ground elevation are more susceptible to flash floods [8, 19, 20, 21].

From reviewing relevant literature, we selected the following seven flash flood factors for our study area as
follows:

2.1 Elevation

According to a DEM downloaded from the United State Geological Survey (USGS). The elevation of the
study area was categorized into five categories (Figure . 2), which each category weighted according to its
effect on the occurrence of floods. The lower areas are more prone to flooding [23], whilst higher areas are
less prone to flooding. According to [24] areas of lower elevation are more susceptible to flooding as water
is flow into the lower areas more than the higher areas.
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2.2 Slope

Slope refers to the rate of change in elevation values and is very important factor in determining vulnerability
to flash floods because it determines the stream water flows and runoff. Areas with gentle slopes are more
affected by flooding, as it’s the first areas to be inundated when a flood enters an area [23]. The slope of our
study area was divided into five slope classes (Figure . 3). The lower slope given the highest rating.

2.3 Topographic Wetness Index (TWI)

TWI is an indicator that determines the ability of the Earth's surface to be saturated with water and could
determine overland flow output. Many researchers have used TWI as an input to develop predictive maps
regarding hazard risk of wildfire landslide susceptibility and soil sensitivity [25, 26].

The TWI (Figure . 4) was calculated using the following equations for our study area:

Fd = flow direction (DEM) Q)
Fa = flow accumulation (Fd) 2
Slope = (slope (DEM) = 1.570796) / 90 3)
Tan_slope = con (slope > 0,tan(Slope),0.001) (@)
Fa scaled = (Fa + 1) =cell size (5)
TWI = In (Fa_scaled / Tan_ slope) (6)

2.4 Drainage Network
We used the DEM to extract the drainage network. Several network buffer zones

( 0 — 0.002247371; 0.002247371 — 0.005158307; 0.005158307 — 0.008368898;
0.008368898 — 0.011237027; and > 0.011237027 ) were applied and created five drainage network
classes (Figure . 5). The closer we are to the drainage network system, the greater the effect of flooding.

2.5 Aspect

Aspect is the orientation of slope, measured clockwise in degrees from 0 to 360, where 0 is north-facing, 90
is east-facing, 180 is south-facing, and 270 is west-facing. Aspect is related to the directions of water flow
affecting flash flood occurrence. It governs evapotranspiration, soil moisture retention and vegetation
development, thereby determining the flow direction and infiltration-to-runoff ratio. In our study, aspect was
classified into four classes directions (Figure . 6).

2.6 Flow Direction and Flow Accumulation

Flow direction means the direction the stream flows in each cell. The flow direction value for each pixel is
the direction in which water is flowing over that pixel as it makes its way downstream. The flow
accumulation value for each pixel is the sum of all flows from upstream of that pixel that is the accumulated
value or magnitude of the stream that flows over that pixel. Flow accumulation is one of the most important
criteria in determining areas vulnerable to flood hazard. It calculates the number of cells that flow to each
cell. High values of flow accumulation indicate potential high flood hazard, whereas low values indicate low
flood hazard. Flow direction raster (Figure . 7) and Flow accumulation raster (Figure . 8) both were classified
into five classes.
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3. NEUTROSOPHIC PRELIMINARIES

In this part, some significant definitions of neutrosophic set are presented [27]. The neutrosophic set N has
three membership functions which are truth Ty, (x), indeterminacy Iy.(x) and falsity Fy.(x) membership
functions, where Ty, (x):X—10, 1*[, Iy.(x):X—]0, 1*[ and Fy.(x):X—]0, 1*[. This set is free from
restriction on the sum of Ty, (x), Iye(x) and Fy.(x), S0 0" < sup Tye(x)+ SUp Iye(x) + Sup Fye(x) <3

A single valued neutrosophic set Ne over X has the following form A={(x,Ty(x), Iye (%), Fye(%)):xEX},
where Ty, (x):X—[0,1], Iye (x):X—[0,1] and Fy,(x):X—[0,1] with 0< Ty, (x)+ Iye(x)+ Fye(x)<3 for all
X€EX.

A single valued triangular neutrosophic number, @ =((a,, a,, as); as , qa, bg) is a neutrosophic set whose
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membership functions are as follows:

x—aq
. <x<
oo (25) @ < x 2 0)

ag (x=a; )
az—x
- <
oo (22 (0, < x = 0
0 otherwise ,

Ta(x) =

(az—x+qg(x—aq))
T aay (e, £x<ay)
I;(x) = qa (x=a3)
(x—az+qg(az—x))
T aneay (a, <x <aj)
k 1 otherwise,

(az—x+bg(x—ay))
~ = - <x<
fetenn o, < s,

{ bg (x=az)

Fi(x
a( ) (x—a2+ba (ag—x)) (a <x<a )
2 —= ¥3

k (az—az)
1 otherwise .

U]

©)

€))

Where a; ,q; and by , represent the greatest degree of truth membership, least degree of indeterminacy and

falsity memberships, respectively. Basic operations of single valued triangular neutrosophic numbers are

as follows:

Let G=((ay, az, as); ag,qq ba) and b =((by, b, b3 ); a; , q;, bs) be two single valued triangular

neutrosophic numbers and g+ 0 be any real number. Then,
1. Addition of d@and b :
@+b=((a; + by ,a, + by, az + bs); ag Aaz, qzvqs, ba vbs)

2. Inverse of a:

d_l = <(i L i) ;g 594, ba),Where(d * 0)

as’ay’ a;
3. Multiplication of @ by constant value:

~ _{((gal,gaz,ga3); ag,qa ba) if(g>0)

a-= .

97U (gas, g2z, 801); aa , 4a, ba) if (g < 0)
4, Division of @ by constant value:

a; a; as .
~ (<_’_’_);a~’ ~,b~> 3 >O
a g g g)% da ba) if(g>0)

as a, a .
5. Division of @and b :
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a, a, as .

((—,—,—);ad AGg, qzVq5, bg vbg) if (az > 0,b; > 0)
bs b, by

((a3 a; a;

- b3'b2'b1

((a3 a; a;

bl'bz'bB

); ag AN, QaVqs, bg vbg) if(a; < 0,b3 >0)

); ag AN, QaVqs, bg vbg) if(as < 0,b3 <0)

6. Multiplication of @ and b :

3 ((ayby , azby, azbs); agnap, qavas, bg vbg) if (az > 0,b3 > 0)
ab = {{(a;bs ,a;b,,azby);azna5,q5vq5 bs vbs) if (az <0,b3 > 0)
((aghs, azby, a,by); agnag, qzvqs bg vbs) if (as < 0,b; < 0)

4. Proposed Neutrosophic Extended Stepwise Weight Assessment Ratio Analysis (N-Swara)

Technique

There are various methods for evaluating the weights of decision attributes as AHP [28], FARE [29], and

entropy [30]. The SWARA [10, 11] is a new technique that has an interesting framework that is completely
varied from other techniques as BWM, FARE, ANP or AHP. Regarding to SWARA technique, the most
significant factor is ranked as the best and takes rank 1, but the least important factor is ranked as the last.
The whole ranks are represented according to the average value of all ranks based on the experts [31, 32].
This technique also provides experts an important role in calculating the weights of factors. The advantage
is that each expert determines the importance of each factor exclusively. Subsequently, they can sort the
factors from first to last by taking into consideration the general outcome. The information, experience and
implicit knowledge are the main factors which help experts in decision-making process.
The main disadvantage of traditional SWARA technique is incapability of simulating and handling
uncertainty of human’s thoughts. Since neutrosophic logic has a great ability for simulating human’s
thoughts and increasing flexibility of expert's preferences, we applied it in this part with SWARA technique.
So, we can say that the neutrosophic SWARA (N-SWARA) technique will be able to deal with uncertainties
in input data or when decision makers are not entirely sure about their suggestions.

The procedure for determination of weights by N-SWARA is stated in the steps below:
Step 1: Let decision makers begin to evaluate criteria according to their expected significances using the
neutrosophic scale as appears in Table 2. In this part, we used triangular neutrosophic numbers to represent
values of linguistic variables.

Table 2: The linguistic values and its corresponding neutrosophic values for evaluation process

Linguistic Rating for

Linguistic Ranking of Corresponding Relative Importance Corresponding
Criteria Neutrosophic Values (NVs) npo Neutrosophic Values (NV)
of Criteria
Very Low (VL) (0.0,0.0,0.25) Low Importance (LI) (0.0,0.25,0.5)
Low(L) (0.0,0.25,0.5) Med'“m(;ﬂn?g’ortame (0.25,0.5,0.75)
Medium(M) (0.25,0.5,0.75) Important (1) (0.5,0.75,1)
High (H) (0.5,0.75,1) Very Important (V1) (0.75,1,1)
Very High (VH) (0.75,1,1) Equally Important (0.5,0.5,0.5)

The previous linguistic variables are used by decision makers to clear their preferences.
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Step 2: Let decision makers determine their confirmation degrees of linguistic variables as follows:

Absolutely Sure (AS)= (1,0,0); the first parameter (1) is the truth degree, second parameter (0) is
indeterminacy degree and finally the falsity degree. Very Strongly Sure (VSS)= (0.9,0.1,0.1), Equally Sure
(ES) = (0.5,0.5,0.5), Absolutely Not Sure (ANS) = (0.0,0.0,1), Very Strongly Not Sure (VSN) =
(0.3,0.75,0.7) and Strongly Not Sure (SNS) = (0.4,0.65,0.6).

Step 3: Calculate ¢, values which obtained by interviewing the decision makers. After then, calculate the
average rank value of criteria ¢, using this formula:

~ TR
g = 2k=tk ;Cﬂf (10)

where ¢j.is the neutrosophic ranking of the j criteria by the k decision maker and d is the number of decision
makers.

Step 4: Make the final ranking of criteria based on their score functions as follows:

Let A, =((ay, ay, as); Ii, Y4, Aa,) be triangular neutrosophic number then the score function equals:
= 1
S(4,) = e (a1 + 2a, + az)* [2 +uz, —va, — A4,] (11)
From obtained score function of criteria, if S(C;) > S(C,)then €, > C,. Also, if S(C,) < S(C,) then € <
62, aﬂd if S(Cl) = S(Cz) then C~1 = 52.
Step 5: Begin to determine the comparative importance of the average value ¢ot; , which starts with the

second criterion since the decision maker states the relative importance of criterion j in relation to the
previous (j — 1) criterion, for each criterion. The decision maker will use the determined scale in Table 2
for determining coi;. Besides the pervious scale the decision makers must also use the predefined
confirmation degree.

Step 6: Begin to calculate coefficient IE]- as follows:

- ((1,1,1;1,0,0) j=1
i = {cmj +(1LL,151,00) j>1 (12)
Step 7: The recalculated weight w7; is determined as follows:
(1,1,1;1,0,0) j=1
wrj = {E j>1 13)
kj
Step 8: Calculate relative weights of the estimation criteria as follows:

Step 9: Use the predefined score function (i.e., Eq. (11)) to transform each neutrosophic weight value to its

crisp value.

5. Neutrosophic Swara Analysis For Weighting Flood Influencing Factors

The SWARA technique has been used in various applications areas [10, 11, 31, 32]. But there exists only
two research which integrated SWARA with other MCDM techniques in neutrosophic environment. The
first research integrated SWARA with VIKOR technique in neutrosophic environment for assessment of
eco-industrial thermal power plants [33] and in this research the steps of estimating criteria are as in classical
SWARA and the role of neutrosophic appears exactly in the calculations of best and worst degrees. The
second research integrated classical SWARA with neutrosophic TOPSIS and EDAS techniques [34].

In our study, we are the first to propose a new extended neutrosophic SWARA technique based on GIS for
analyzing flash floods. The N-SWARA used to obtain weights of flood influencing factors and combined
into the GIS - environment to create flood susceptibility maps. The integration of GIS-environment with
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neutrosophic SWARA analysis provides more flexibility for to assess the causative agents of flooding. The
general framework of proposed model for analyzing flash floods appears in Figure .9.

Select a group of experts regarding
to problem domain

v

7

Making a brainstorming for identifying
- major influencing factors of flash < -
floods and then gathering their data

Obtain experts
oninions

Search
literatures

\.

\

Using N-SWARA for calculating
factors weights

v

Use weights of factors and raster
calculator tool

v

Obtain susceptibility and hazard map

v

Make a classification of output and
obtain final analysis and decision

Figure 9: Study methodology

Since in our study area we discuss various factors related to flash flooding as slope, distance from stream
network, elevation, TWI, aspect, flow direction and flow accumulation. So, let us now use proposed
algorithm for calculating its weights and then make analysis of flash floods as follows:

Step 1: The decision makers begin to evaluate criteria based on their expected significances using
neutrosophic linguistic variables which presented in Table 2 and beside each neutrosophic linguistic variable
the decision makers presented their confirmations degrees. Here in our study, we have five decision makers
and by interviewing them we obtained data which presented in Table 3.

Table 3: The neutrosophic values for evaluating criteria

Slope Elevation TWI Flow Flow Aspect

Experts | cy) (C2) (c3) | Distance(C4) \ Accimulation(C5) | Direction(C6) | (C7)
1 VH:AS | HVSS | MES = VHAS M:ES LiES VLES
2 VH; AS H;VSS L;ES H;VSS M;VSS M;ES L;ES
3 H;VSS | VHAS | MES | HVSS LiES MVSS | VLES
4 H; VSS HAS | MVSS  M;VSS H:ES MEES | MVSS
5 H;VSS | H;VSS | L;ES | M;VSS L ES H;VSS | M:VSS
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The calculation for making the final rank of criteria presented in Table 4.

Step 2: The comparative importance of the average value ¢ot; using predefined scale in Table 2 and the
suitable confirmation degree presented in Table 5.

Table 4: The neutrosophic computations of criteria for ranking process

Criteria

Computatio Flow Fl

ns Slope | Elevation Distance | Accumula low Aspect

€y | © TWE) Ty tion | PTEET ()
(C5)

Sum of (2.75,4,5 (125253,
criteria (3,4.25,5 : (0.75,23.25 (225354 (1,2253.5; o 0r" (0.51.252
ranks 09,010, 090.10. | 050.50.5) 090.10.1 050505 ~ > 050.50.5)
Yie=16k 1)
Average
rank — of | 6085 (055081 (0.150.4,0. (0.45,0.7,0 (0.2,0.45,0. (0.25,0.5,0. (0.1,0.25,0
criteria 1 .9,0.1,0. 0.9,0.1,0.1) 0.5,0.5,0.5) 0.9,0.1,0.1 0.5,0.5,0.5) 0.5,0.5,0.5) 0.5,0.5,0.5)
G = M
Score value
of average | 0.742 0.708 0.200 0.619 0.225 0.250 0.137
rank
Final rank 1 2 6 3 5 4 7
of criteria

Table 5: The relative importance assessment of criteria with neutrosophic linguistic variables

Experts | C1€=2C2 C2€2>C4 C4 €9C6 C6 €=2C5 C5 €=2C3 C3 €=2C7

1 VI;VSS I;AS MI;VSS El;AS MI;VSS El;AS
2 VI;AS I;AS I;AS MI;AS EI;AS MI;AS
3 I;AS El;VSS El;VSS I;VSS LI;AS LI;VSS
4 I;VSS VI;VSS El;AS MI;VSS I;VSS MI;VSS
5 VI; VSS VI; VSS I; VSS I; VSS El;VSS LI; VSS

Step 3: Calculate coefficient I"éj using Eq. (12).

Step 4: The recalculated weight w7; is determined using Eq. (13).

Step 5: Calculate weights of the estimation criteria using Eq. (14).

The previous calculations from steps 3 to step 5 appears in Table 6.

Table 6: The weights of criteria using N-SWARA technique
Criteria coy; k; wr; w;
1 - (1,1,1;1,0,0) (1,1,1;1,0,0) (0.37,0.43,0.49;0.9,0.1,0.1)
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(0.65,0.9,1;0.9,0.1,0.1) (1.65,1.9,2;0.9,0.1,0.1) (0.5,0.526,0.61;0.9,0.1,0.1) (0.19,0.23,0.29;0.9,0.1,0.1)
(0.6,0.8,0.9;0.9,0.1,0.1) (1.6,1.8,1.9;0.9,0.1,0.1) (0.26,0.29,0.38;0.9,0.1,0.1) (0.09,0.13,0.18;0.9,0.1,0.1)

(0.45,0.6,0.75; 0.9,0.1,0.1) | (1.45,1.6,1.75;0.9,0.1,0.1) | (0.15,0.18,0.26;0.9,0.1,0.1) (0.06,0.08,0.12;0.9,0.1,0.1)

(0.4,0.6,0.8;0.9,0.1,0.1) (14,1.6,1.8:0.9,0.1,01) | (0.08,0.11,0.18:0.9,0.1,0.1)  (0.03,0.05,0.09;0.9,0.1,0.1)
(0.35,0.5,0.65:0.9,0.1,0.1) | (1.351.51.650.9,0.1,0.1) = (0.050.1,0.13;0.9,0.1,0.1) = (0.02,0.04,0.06;0.9,0.1,0.1)
(0.2,0.4,0.6;0.9,0.1,0.1) (1.2,1.41.6,09,0.1,01) | (0.03,0.1,0.11;0.9,0.1,0.1) | (0.011,0.04,0.05;0.9,0.1,0.1)

Step 6: Use the predefined score function (i.e., Eq. (11)) to transform each neutrosophic weight value to its

crisp value as presented in Table 7 and Figure .10.

Table 7: The relative weights for each criterion using N-SWARA technique

Criteria Weights

C1 0.39
Cc2 0.21
C4 0.12
C6 0.08
C5 0.05
C3 0.09
C7 0.03

045

0.4 .

0.35

0.3

0.25

0s ®

015

01 P L =

0.05 @

<]

Slope Elevation Distance  Flow Direction  Flow Accumulation Ty Aspect

Figure 10: Weights of flash floods controlling factors
6. Results and Discussion

The applications of a multi-criteria decision-making analysis in our study area was used for evaluating the
relative weights of flood controlling factor. The weights of the flood variables were calculated using N-
SWARA model through evaluating criteria based on their expected significances. For determining the
importance of each criterion, the decision maker used the suggested neutrosophic linguistic variables and
their confirmations degrees. The integration of GIS-environment with N-SWARA technique provides more
flexibility to assess the causative agents of flooding.

We identified flood influencing factors and by using these factors in multi-criteria analysis we developed a
flood susceptibility map of the study area. Regarding to our flood influencing factors, the elevation factor
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was classified into the five classes: less than 183 m; 183 - 322 m; 322-430 m; 430- 523 m, and above
523 m. From our results, the class of less than 183 m was assigned with the highest rating. as presented in
Figure .11

The slope factor was classified into the five classes: less than 5.5°,5.5 - 10.8°,10.8- 18.24°,18.24- 30.4°,
and above 30.4°. From our results, the class of the lowest slope had the highest rating. as presented in Figure
12

The TWI factor was classified into the five classes: less than
—6° (—6)-(—5°),(=5) - (—4°), (—4) - (—2°), and above —2°.The class * < —6°" had the highest rating.
as presented in Figure .13

The distance factor was grouped into five classes :0 — 0.002247371; 0.002247371 —
0.005158307; 0.005158307 — 0.008368898; 0.008368898 — 0.011237027; and > 0.011237027,
according to buffer distance. From our results, closer to the stream, the more susceptibility to flooding as
presented in Figure .14

The aspect factor was grouped into four classes: < 90; 90 — 18; 181 — 269 ; and > 269 as presented in
Figure .15. The flow accumulation factor was grouped into five classes: < 10; 10 — 40; 40 —
102 ; 102 — 239 and > 239 as presented in Figure .16. The flow direction factor was grouped into five
classes: < 36; 36 — 95; 95 — 159 ; 159 — 205 and > 205. as presented in Figure .17

Elevation Slope
5% 2%
= <183 <55
= 183-322 =55-10.8
= 322-430 =10.8-18.24
= 430-523 = 18.24-30.4
u>523 u>304
Figure 11: classification of Elevation factor Figure 12: classification of Slope factor
TWI Distance
1< (0.002247371
u<-6 = 0.002247371 -
0.005158307
= (-6)-(-5)
= 0.005158307 -
= (-5)-(-4) 0.008368898
" (-4)-(-2) = 0.008368898 -
0.011237027
">2 = >0.011237027
Figure 13: classification of TWI factor Figure 14: classification of Distance factor
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Aspect Flow Accumulation
2% ,~0% o
<10
=< 90
=10-40
=90-181
= 40-102
= 181-269
= 102-239
= > 269
u> 239
Figure 15: classification of Aspect factor Figure 16: classification of Flow Accumulation
factor
Flow Direction
0% 0%
= <36
=36-95
=95-159
= 159 - 205
= >205

Figure 17: classification of Flow Direction factor

By using the N-SWARA multi-criteria analysis method, the weight of each factor calculated and obtained
the following results: 0.39 for slope, 0.21 for elevation, 0.12 for distance, 0.08 for flow direction, 0.05 for
flow accumulation, 0.09 for TWI and 0.03 for aspect. Flood hazard map and flood susceptibility map was
generated using the following equation:

FHM = X (C1Wjl1 + C2W;j2 + C3Wj3 + CnWjn), (15)

Where, Wj is the weight of each factor; n is the number of factors, C1, €2, C3, and Cn are the respective
factors. In our study, five classes were identified: very high, high, moderate, low, and very low.

The resulting hazard map reveals that ‘very high” susceptibility category reflects approximately 12%. whilst
the ‘high’ susceptibility class reflects approximately 4% and the ‘moderate’ susceptibility category covers
approximately 21%. Furthermore, the ‘low’ susceptibility category reflects approximately 39% and the
‘very low’ susceptibility class reflects approximately 24% of our study area. (see Figure .18 , Figure . 19 &
Figure . 20).
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7. Concluding Remarks

Flood susceptibility map provides valuable data for decision-makers and the planners dealing with flood
hazards and susceptibility. Flood susceptibility map provides residents with information about probable
damages and how to prevent potential disasters. Our study area is in Upper Egypt in the southeast of Sohag
governorate. To analyze the influence of flash floods on study area, seven influencing factors such as
elevation, slope, topographic wetness index, distance from the stream, flow accumulation, aspect and flow
direction were determined. The weight of each factor calculated by using the N-SWARA multi criteria
analysis method and obtained the following results: 0.39 for slope, 0.21 for elevation, 0.12 for distance,
0.08 for flow direction, 0.05 for flow accumulation, 0.09 for TWI and 0.03 for aspect. Our results reveal
that ‘very high’ susceptibility category reflects approximately 12%. whilst the ‘high’ susceptibility class
reflects approximately 4% and the ‘moderate’ susceptibility category covers approximately 21% .
Furthermore, the ‘low’ susceptibility category reflects approximately 39% and the ‘very low’ susceptibility
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class reflects approximately 24% of our study area. From our study we concluded that the integration of
remotely sensed data and geographical information system (GIS) with neutrosophic SWARA is a valuable
and an appropriate tool to assess flash flood susceptibility.
In the future, we will analyze the influence of flash floods on various study areas using various neutrosophic
MCDM techniques and geographical information system.

Limitation of Proposed Research: More involvements from more companies will make our research better.
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