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Abstract
E-_mail: _ Flash flood hazard is one of the most frequent hydrological hazards in the
mirnashaddoud@tartous-univ.edu.sy Syrian coastal region. The Northern Kabir River Basin (NKRB) is among the

most susceptible regions to flooding. Assessing the spatial distribution of flash
flood risk presents a significant difficulty in the NKRB. The absence of regular
hydrological measurement and common political boundaries are the main
challenges to identifying the actual hazard locations in the NKRB.
Morphometric analysis and spatial techniques combined with remote sensing
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data provide a comprehensive objective approach to mapping flash flood
hazard. This research focused on determining the spatial distribution of flash
flood hazard degree in 10 sub-basins of the NKRB. 16 morphometric
parameters were calculated, including area (A), drainage density (Dd), stream
frequency (Fs), texture ratio (T), shape index (ISh), circulatory ratio (Cr),
stream order (U), stream number (Nu), stream length (Lu), mean bifurcation
ratio (MRb), weighted mean bifurcation ratio (WMRDb), length of overland flow
(Lg), basin relief (BH), relief ratio (Rh), ruggedness Number (Rn) and slope
index (SI). The flash flood hazard degree was determined according to the
Keywords: Flash flood, morphometric prioritization method in a geographic information system (GIS)
environment. The hazard degree was classified into five categories: very high,
high, moderate, low and very low. The results indicated that the sub-basins of
. ; SW2 and SW1 can be classified as very high and high-risk (49.15%) areas, the
Mediterranean, Syria sub-basins of SW10, SW9, SW7, SW8 and SW4 are moderate risk (27.98%)
areas, the sub-basins of SW3 and SW6 are low risk (15.84%) areas, and the
areas of sub-basin SW5 are very low risk (7.03%) areas. The very high-risk sub-
basins were concentrated in the upper parts of the study area. The high flood
risk values in the upper basins are attributed to the high values of T, Lu, Nu, 4,
Cr, and ISh. Consequently, there is an immediate necessity to implement
adaptive measures in the elevated regions of high and very high-risk sub-
basins.
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1. Introduction

Water is one of the most important natural resources and is the basis of the socio-economic development process [1].
Spatial and temporal variation in water availability creates a surplus of water in many landscape units, and a deficit in
others. Water availability exerts a dual influence as it can be beneficial, characterized by adequate supply or effective
water harvesting leading to excess, or detrimental, manifesting as dangers of flooding and flash floods [2].

Flood risk is one of the most devastating environmental, economic, and social natural disasters. The intensity of flood
is influenced by many natural and human factors such as rainfall intensity and duration, land use, and hydrological
response at the river basin scale [3]. Flash flood occurrences wreak havoc on infrastructure, individuals' lives, and
their overall well-being [2], especially in areas with poor natural hazard mitigation strategies and scarce relevant data
[4]. Hydrological prioritization highlights the understanding of hydrological behavior or the degree of hydrological
response and thus flood risk [5][6]. Hence, it is necessary to determine hydrological prioritization at the level of sub-
river basins to achieve environmental, economic, and social sustainability [7][8].

Morphometric analysis reflects the mutual influence of landscape, topography, vegetation, climate, and hydrology
characteristics through precise mathematical parameters [7][9]. This analysis utilizes basic, areal, hydrological, and
topographic parameters to determine the hydrological response of the river basin [10][11]. Many investigators have
used morphometric analysis to determine soil erosion risk [12], groundwater potential [13], potential runoff risk [14]
and flash flood risk [15]. In this regard, morphometric analysis is one of the most widely used methods to determine
hydrological prioritization at the sub-basin scale.

Numerous studies have utilized morphometric analysis to prioritize flash flood risk [16-18] and for assessing water
accumulations [2][19]. Morphometric analysis combined with spatial approaches such as geographic information
system (GIS) and remote sensing (RS) data provide precise and dependable outcomes that are cost-effective, efficient,
and less time-intensive in evaluating flash flood risk [20-22].

The Northern Kabir River Basin (NKRB) is the largest basin in the mountainous western region of Syria, encompassing
an area of 1079 km?. Consequently, establishing the hydrological prioritization of this basin is crucial for conserving
natural resources [22] and preventing natural disaster risks such as water erosion [23] and flash floods [20][21].
Moreover, flash flood hazard maps generated from morphometric analysis in this basin can aid decision-makers with
managing the river at the sub-basin level [23][24]. Therefore, this study sought to ascertain the spatial distribution of
flash flood hazard levels across 10 sub-basins of the NKRB by employing morphometric analysis and spatial
techniques in conjunction with remote sensing data, thereby offering a thorough and objective methodology for
mapping flash flood hazards in data-scarce areas of the Eastern Mediterranean.

2. Material and Methods

2.1. Study area

The NKRB extends between latitudes 35° 29’ 11"/, 35° 53’ 48" and longitudes 35° 48’ 14", 36° 15’ 7" (Fig. 1). The river
network originates from the northwestern extremity of the Latakia Mountains, situated on the Turkish-Syrian border,
referred to as the Ansari Mountains, and flows southward of the city of Latakia, 2 km from the village of Al-Bassa, into
the Mediterranean Sea [25]. The study area is bordered to the north by Turkey, to the south by the Al-Snawbar River
Basin, to the east by the Al-Assi River Basin, to the west by the Arab River Basin, the Al-Qashish River Basin, and the
Wadi-Qandil River Basin. The elevation within the basin ranges from 24 m (flood plain) to 1771 m (Ansari
Mountains), with slope degrees ranging from 0° to 69.08°. The NKRB belongs to the Mediterranean climate, the
average temperature is estimated to be 12° - 28°, and the annual rainfall is 550 - 1100 mm. The vegetation consists of
forest cover and shrubs in the eastern section, and agricultural lands mainly constituted of citrus, olives, and other
fruits orchards in the western section [26].
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2.2. Derivation of river basin and sub-
river basins

The digital elevation model (DEM) with a
spatial resolution of 12.5 was obtained from
Alaska Satellite Facility (ASF) - Distributed
Active Archive Center (From Link) and
utilized to ascertain flow direction and
accumulation, hence identifying the primary
basin and sub-basins based on concentration
sites and stream order, as well as evaluating
the basin's slope gradient.

Map data 2024 Google
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Morphometric parameters [28-39] were
calculated in order to assess the degree of

flash flood risk. Overall, 16 morphometric

parameters were calculated (Table 1). The

areal parameters, area (A), drainage density
(Dd), stream frequency (Fs), texture ratio (T),
shape index (ISh), and circulatory ratio (Cr)
[28-34], were determined in the GIS
environment. Also, linear parameters
including stream order (U), stream number
(Nu), stream length (Lu), mean bifurcation
ratio (MRb), weighted mean bifurcation ratio
(WMRb), and length of overland flow (Lg)
[28][29][31][33][35] were also determined.
Moreover, topographic parameters including
basin relief (BH), relief ratio (Rh), ruggedness Ve bagiy
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[28][31][35-39] were determined.
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Most of the morphometric indicators were 35°50'0"E 36°0°0"E 36°10'0"E
positively correlated with the degree of Figure 1. Location of the study area

hazard except for the mean bifurcation ratio

(MRD), the weight of the mean bifurcation ratio (WRMb), and the length of the ground flow (Lg) which were inversely
correlated with the degree of flash flood hazard. For the parameters with a positive correlation, the following equation
was applied:

_ (Ymax — Ymin) (X — Xmin)

Y
(Xmax — Xmin)

+ Ymin
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On the other hand, the following equation was applied for negatively correlated parameters

v = (Ymax — Ymin) (X — Xmax)

+ Ymi

(Xmin — Xmax) e
Where Y is the flash flood hazard degree, Ymax and Ymin are the upper and lower limits of the proposed scale of
hazard degree, Xmax and Xmin are the highest and lowest values of any parameter, X is the estimated value of any
parameter between the highest and lowest values. Then, the sub-basins are classified according to the estimated
hazard degree by giving a final score from 1 to 5.

Table 1. The utilized morphometric parameters and their determination method

Parameter Determination method Reference
A
i 2
Basin area (A) km Extracted by the spatial analyst tool in ArcMap [28]
. . P
Basin perimeter (P) km Extracted by the spatial analyst tool in ArcMap [28]
: Ib
basin length (Lb) Km Extracted by the spatial analyst tool in ArcMap [29]130]
Stream order (U) Hierarchical order [29][31]
Stream number (Nu) Nu=N1+N2+..+ Nn [29]
Stream length (Lu) Km Lu=L1+L2+..+Ln [29]
: . Dd = XLu/A
2
Drainage density (Dd) km/ km YLu = total length of the stream, A = area of the basin [29][32]
Fs = ZNu/A
Stream frequency (Fs) Nu = total number of stream segments in all orders, A = area [29][32]
of the basin
T =XNu/P
Texture ratio (T) XNu = Total number of stream segments in [28][33]
all orders, P = perimeter of the basin
. Ish =1.27 x Rf (Rf form factor)
Shap index (ISh) Rf= A / Lb? [32][33]
. . Rc=4mA /P2
Circulatory ratio (Cr) A = area of the basin, P = perimeter of the basin, m=3.14 [34]
Rb =Nu/Nu+1,
Bifurcation Ratio (Rb) Nu = number of stream segments in order (u), [28,29,35]
Mean Bifurcation ratio (MRb) Nu + 1 = number of segments of the next higher order T
MRb : The average of bifurcation ratios of all orders
WMRb =X (Nu/Nu+1) x (Nu+Nu+1)/N
Weighted Mean bifurcation ratio Nu = number of stream segments in order (u), 28,35]
(WMRD) Nu+1 = number of segments of the next higher order, ’
N = total number of streams involved
Length of overland flow (Lg) km Lg = 1/2 Dd, where Dd = drainage density [29,33]
. . Bh = Hmax - Hmin
Basin relief (BH) Hmax: maximum Elavation ,Hmin: Minimum Elavation [31,36]
. . Rh = Bh/Lb,
Relief ratio (Rh) Bh = basin relief, Lb = basin length [28,37]
Rn = Bh x Dd/1000
Ruggedness Number (Rn) Bh = basin relief, Dd = drainage density [28,35,38]
Slope index (SI) SI'= Bh/Lms, [39]

where Bh = basin relief, Lms = length of main stream
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2.5. Flash flood hazard map

The hazard level is divided into five categories: Very low hazard, Low hazard, Moderate hazard, High hazard, Very
high hazard according to their hazard weights from 1 to 5, respectively. The final weights (W) for each parameter
were calculated, and the risk score (Dh) was determined as shown in Table 3. Based on these weights, a potential flash
flood map was produced in a GIS environment.

3. Results and Discussion

The NKRB was divided into 10 sub-basins (SB). The areal, linear and topographic morphometric parameters (Table 2)
were analyzed according to the method of Davis and John [40].

3.1. Areal parameters

The total area of the NKRB is 1079.356 km?. The areas of the sub-basins ranged from 22.65 km? in SW6 to 384.77 km?
in SW2 (Table 2). The results indicate that SW2 and SW3 and SW1 have a greater flash flood risk due to their larger
area, while SW6 and SW10 have a lower risk (Table 3). In fact, a larger area means a higher hydrological response
capacity [32], thus a greater potential of flash flood risk.

The values of the drainage density (Dd) ranged from 3.41 km/km?2 in the SW4 to 4.27 km/km? in the SW10 (Table 2).
The drainage density (Dd) determines the interval between the amount of precipitation and discharge, thus the peak
flow [41]. High values of Dd indicate high effective precipitation values, and low infiltration rate. Conversely, low
values indicate the presence of dissected rock formations, high infiltration, and groundwater recharge [42]. Therefore,
the high Dd values found in SW10, SW9 and SW8 reflect the higher risk of flash flood in these areas, while the low Dd
values observed in SW4 and SW3 may indicate a lower risk compared to other areas (Table 3).

The Stream frequency (Fs) values within the river basin ranged from 13.29 in SW4 to 17.96 in SW10 as (Table 2). The
Fs value reflects the influence of basin characteristics and precipitation patterns on stream formation [43]. High
values indicate impermeable structures, while low values indicate the presence of silt deposits and high infiltration.
Stream density, also, is positively related to discharge density [32]. High flash flood risk values are observed in SW10
and SW9, which basically have high discharge density, while the lowest risk is observed in SW4 and SW3 sub-basins
(Table 3).

The values of the texture ratio (T) ranged from 10.25 in SW6 to 34.86 in SW2 (Table 2). Overall, the study area
belongs to the soft texture, since the total area recorded a T value greater than 8 [44]. The soft texture in the entire
basin reflects that the faults are still in their initial stage with the presence of close terrain and low vegetation cover
[45]. In general, low values indicate low-slope plain areas [46][47]. According to the application of the weighting
method, the SW2, SW1, and SW9 have a high flash flood risk, and the basins SW6 and SW10 have a lower flash flood
risk (Table 3).

The shape index (ISh) values ranged from 0.18 in SW3 to 0.92 in SW7. High values (closer to circularity shape)
indicate high flow for short duration, while low values indicate low peak flow for long duration [48]. The weighting
results showed that SW7, SW10, SW1, and SW2 have a higher risk degree, while SW3 and SW5 sub-basins have a
lower (Table 3).

The circularity ratio (Cr) values ranged from 0.14 in SW3 to 0.3 in SW1. High values indicate higher surface runoff and
higher peak discharge values [49]. The weighting results showed that SW1, SW2, SW4, and SW10 have a higher flash
flood risk degree compared to SW3 and SW5.

According to the areal parameters, SW2 and SW10 are the sub-basins with higher flash flood risk, followed by SW1.
The most influential spatial parameters were the basin texture, area, and circularity parameters, respectively (Table
3). These findings can be attributed to the impermeable structures and larger slope degrees of these sub-basins. SW2
and SW1 have achieved significant advancement in geomorphological development, resulting in a markedly high
hydrological response.
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Table 2. Morphometric parameter values of the sub-basins in the study area

Parameter Swi Sw2 SW3 Sw4 SW5 SWé6 Sw7 Sw8 SW9 SW10
A (km?) 145.73 384.77 14831 66.14 75.88 22.65 68.14 64.96 71.27 31.52
Dd (km/km?) 3.49 3.53 3.43 3.41 3.48 3.59 3.52 3.79 3.96 4.27
FS 14.59 15.76 14.72 13.29 15.84 16.02 15.25 15.38 17.3 17.96
T 27.23 43.86 18.77 15.12 15.97 10.25 15.19 15.52 18.97 14.01
ISh 0.69 0.57 0.18 0.33 0.2 0.31 0.92 0.28 0.42 0.76
Cr 0.3 0.25 0.14 0.25 0.17 0.23 0.18 0.2 0.21 0.24
U 6 6 6 5 5 5 7 7 7 7
NU 2126 6064 2183 879 1202 363 1039 999 1233 566
LU 507.98 1358.38 509.01 225.6 264.14 81.26 240 246.17 282.18 134.56
MRb 2.15 1.88 3.16 2.13 2.58 1.69 1.9 1.88 1.79 1.99
WRMb 2.04 2.01 2.48 2.05 2.21 1.81 1.84 1.82 1.79 1.83
Lg (km) 0.14 0.14 0.15 0.15 0.14 0.14 0.14 0.13 0.13 0.12
Bh 1308 1588 1541 1396 787 332 491 508 277 127
Rh 0.08 0.05 0.05 0.09 0.04 0.04 0.05 0.03 0.02 0.02
Rn 4.56 5.61 5.29 4.76 2.74 1.19 1.73 1.93 1.1 0.54
SI 0.05 0.05 0.04 0.05 0.03 0.03 0.03 0.03 0.01 0.01

The used morphometric parameters are: area (A), drainage density (Dd), stream frequency (Fs), texture ratio (T), shape index
(ISh), circulatory ratio (Cr), stream order (U), stream number (Nu), stream length (Lu), mean bifurcation ratio (MRb), weighted
mean bifurcation ratio (WMRDb), length of overland flow (Lg), basin relief (BH), relief ratio (Rh), ruggedness Number (Rn) and
slope index (SI).

Table 3. Flash flood hazard degree for sub-basins in the study area
Parameter Swi SwW2 SwW3 SwW4 SW5 SW6 Sw7 Sw8 SW9 SW10

A 2.36 5 2.39 1.48 1.59 1 1.5 147 1.54 1.1
Dd 1.35 1.56 1.1 1 1.33 1.82 1.52 2.77 3.56 5
FS 211 3.12 2.23 1 3.19 3.34 2.68 2.79 4.44 5
T 3.02 5 2.02 1.58 1.68 1 1.59 1.63 2.04 1.45
ISh 3.79 3.12 1 1.84 1.12 1.73 5 1.58 2.3 4.17
Cr 5 3.84 1 3.67 1.74 3.2 211 2.46 2.83 3.59
U 3 3 3 1 1 1 5 5 5 5
NU 2.24 5 2.28 1.36 1.59 1 1.47 1.45 1.61 1.14
LU 2.34 5 2.34 1.45 1.57 1 1.5 1.52 1.63 1.17
MRb 3.73 4.48 1 3.81 2.57 5 4.42 4.47 4.73 4.17
WRMb 3.55 3.73 1 3.46 2.55 4.85 4.68 4.82 5 4.75
Lg 1.53 1.67 1.13 1 1.4 2.07 1.67 3 3.8 5
Bh 4.23 5 4.87 4.47 2.81 1.56 2 2.04 141 1
Rh 4.54 3.06 2.66 5 2.03 1.97 2.89 1.69 1.06 1
Rn 4.17 5 4.75 4.33 2.74 1.51 1.94 2.09 1.44 1
SI 4.3 5 3.9 4.2 2.4 2.5 2.6 2.3 1 1
w 3.21 391 2.29 2.54 1.96 2.16 2.66 2.57 2.71 2.85
Dh 4 5 2 3 1 2 3 3 3 3

The morphometric parameters used in the determination of hazard weights (W) and the risk score (Dh) for each sub-basin are:
area (A), drainage density (Dd), stream frequency (Fs), texture ratio (T), shape index (ISh), circulatory ratio (Cr), stream order
(U), stream number (Nu), stream length (Lu), mean bifurcation ratio (MRb), weighted mean bifurcation ratio (WMRD), length of
overland flow (Lg), basin relief (BH), relief ratio (Rh), ruggedness Number (Rn) and slope index (SI).

3.2. Linear parameters

The river network in the NKRB was classified as seventh, sixth, and fifth order (Fig. 2). The higher order is anticipated
to produce a high peak of runoff during rainstorms, resulting in greater discharge [29][31] and an increased flash
flood risk relative to lower orders.
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Figure 2. Stream order in the sub-basins of the Northern Kabir River Basin
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The basins with the highest stream order (U) were weighted as higher risk, i.e. SW10, SW9, SW8, and SW7,
respectively, while the basins with the lowest risk are SW6, SW5, and SW4 (Table 3). The Stream number (Nu) varied
from 363 channels with a length of 81.26 km in the SW6 to 6064 channels with a length of 1358.38 km in the SW2
(Table 2). Stream number (Nu) and their length (Lu) reflect the hydrological response of the river basin [29][31]. The
results of applying the weighting index showed that SW1, SW3, and SW2 have a higher risk degree, while SW6 and
SW10 have a lower risk degree (Table 3).

The values of the mean bifurcation ratio (MRb) ranged from 1.69 in SW3 to 3.16 in SW6, while the values of the weight
of the bifurcation ratio (WRMb) ranged from 1.79 in SW3 to 2.48 in SW9 (Table 2). There is an inverse correlation
between the mean bifurcation ratios and their weight with the flash flood risk [40]. Elevated values in the preceding
two indicators signify minimal surface runoff, considerable roughness, and substantial elongation. Lower values
generate a higher flash flood peak and exhibit greater circularity [50] resulting in an increased weight. According to
the mean bifurcation ratio (MRb) the sub-basins with high flash flood risk are SW6, SW9, SW2 and SW8. Similarly,
according to the weight of the mean bifurcation ratio (WMRb), the most dangerous basins are SW9, SW6, and SW8. On
the other hand, the basins with the lowest danger are SW3 and SW5 according to both parameters (Table 3).

The Lg values ranged from 0.12 in SW4 to 0.15 in SW10 (Table 2). There is an inverse relationship between Lg values
and flash flood risk. Low Lg values indicate a low slope with a longer flow path, and thus highlight an area more prone
to flash floods [19][40]. The Lg weighting results showed that the basins with the highest risk score are SW10, SW9,
and SW8, and the lowest are SW4 and SW3.

According to the linear morphometric indicators, the most vulnerable sub-basins are SW2 and SW10 followed by SW9
and SW6. The most influential linear indicators on flash flood risk are the Nu and Lg, followed by the MRb and U
(Table 3). The significant basin area and steep slopes of sub-basin SW2 result in the largest hydrological response,
particularly due to the predominance of topographic precipitation, whereas SW10 features impermeable geological
formations facilitate prolonged flow distances.

3.3. Topographic parameters

The values of the Bh ranged from 127 in SW10 to 1588 in SW2 (Table 2). Higher Bh values indicate an increased risk
of erosion with higher runoff volume and peak flow [51]. Accordingly, the upper sub-basins (SW2, SW3, SW4, and
SW1) were classified at higher risk, while the lower basins, SW10, SW9 recorded lower flash flood risk.

The values of the Rh range from 0.02 in SW10 to 0.09 in SW4 (Table 2). High Rh values indicate a short concentration
time and a fast peak flow and vice versa [52]. The results showed that SW4, SW1, and SW2 have the highest flash flood
risk degree, while the lowest risks are observed in SW10 and SW9 (Table 3). The values of Rn range from 0.54 in
SW10 to 5.61 in the SW2 (Table 2). High values indicate high runoff peak during rainstorms. Thus, there is a positive
correlation between the Rn and the degree of flash flood risk [50]. The risk increases on bare slopes where
morphodynamic processes accelerate [53]. The weighting results show that the sub-basins with higher flash flood risk
are SW2, SW3, and SW4, and the lowest are SW10, SW9, respectively.

The SI index reflects the integration between the relief and the length of the main channel [39]. The values of SI index
ranged from 0.01 in SW9 and SW10 to 0.05 in SW2, as shown in Table (2). High values indicate a higher flow volume,
and a high peak in the maximum runoff hydrograph [54]. Therefore, an increased SI value, similar to that observed in
the SW2, SW1, and SW4, indicate a high potential flash flood risk, while SW10 and SW9 were classified in a lower risk
degree due to their low SI values (Table 3).

According to the topographic parameters, it was found that the upper basins were the areas with higher flash flood
risk. The parameters with higher influence on the flash flood risk was the SI index, followed by Rn index and the Bh
index. This can be explained by the fact that the higher areas have higher slopes and receive higher amounts of
rainfall. Thus, the SW2, SW1, and SW4 were more hazardous according to the topographic parameters.

3.4. Prioritization of sub-basins

The morphometric weight method was used to determine the degree of flash flood risk in the NKRB (Table 3). The
degree of risk was classified based on the 16 parameters in each sub-basin into five categories: very high, high,
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moderate, low and very low (Table 3) (Fig. 3). The results showed that SW2 is the basin most susceptible to flash flood
risk, followed by SW1, while SW5 is the sub-basin with the lowest susceptibility to flash floods. SW10, SW9, SW7, SW8
and SW4 recorded moderate risk values, while SW3 and SW6 recorded low risk. Areas classified as very high risk
comprised 35.65% of the total area, high risk accounted for 13.50%, and moderate risk represented 27.98%. Low-risk
zones comprise 15.84%, while extremely low-risk areas account for 7.03%. Consequently, the areas with high and
very high flash flood risk susceptibility represented 49.15% of the total area, which highlights the importance of
applying effective flood management measures in these areas.
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Figure 3. Flash flood hazard map in the sub-basins of the Northern Kabir River Basin

180



DYSONA — Applied Science 6 (2025) 172-185 Shaddoud et al.

The influence degree of each parameter on the risk score was calculated using Pearson's correlation coefficient (Fig.
4). Pearson's correlation coefficient was calculated between the W value calculated according to the Davis and John
[40] method for each parameter, and the final Dh. Correlation analysis showed that T parameter was the most
influential parameter on the flash flood risk with a direct correlation coefficient of 0.866, while Lu, Nu, and A showed a
strong direct correlation (>0.7), followed by the Cr and ISh. The lowest influential parameters were the Fs, Dd and Lg.
The upper sub-basins are more susceptible to flash flood risk, which is similar to previous reports [2][19][27]. Also,
the average flash flood risk for the lower basins is similar to that reported previously in another study [55].

ISh

Cr

LU

Figure 4. The degree of influence of morphometric parameters on flash flood hazard in study area
4. Conclusion

Flash floods pose significant hydrological risks that can severely impact ecosystems and communities. This study
employed morphometric analysis using advanced spatial technologies to objectively assess the degree of flash flood
risk in the Northern Kabir River Basin (NKRB), focusing on 10 sub-basins. The analysis incorporated 16 key
morphometric parameters from four main categories such as basin shape and morphology, drainage and stream
network characteristics, relief and terrain ruggedness, and flow and runoff potential. These indicators were assigned
weights across five risk categories to create a comprehensive flood risk map. Pearson's correlation analysis revealed
that the Texture Ratio (T) had the highest influence on flood risk, with a strong direct correlation of 0.866, followed by
Stream Length (Lu), Stream Number (Nu), and Area (A). The least influential parameters were Stream Frequency (Fs),
Drainage Density (Dd), and Length of Overland Flow (Lg). The results classified the study area into zones of very high,
high, moderate, low, and very low flood risk. Notably, the upper portions of the basin, specifically sub-watersheds
SW1 and SW2, exhibited the highest levels of risk. The generated flood risk map provides a valuable tool for
identifying areas most susceptible to flash flooding. Additionally, it can support sustainable land-use planning,
disaster preparedness, and mitigation strategies aimed at minimizing the impacts of flash floods on vulnerable
ecosystems and human settlements. This study underscores the importance of integrating morphometric analysis
with GIS technologies for effective hydrological risk assessment.
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