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Extended Abstract

Introduction

Flooding is one of the most destructive environmental phenomena, causing significant human and
socioeconomic losses worldwide every year. Over the past two decades, the frequency of floods
worldwide has increased by more than 40%. Between 1995 and 2015, approximately 109 million
people were affected by floods annually, with damages amounting to 58 billion Euros (75 billion
USD) annually (Khosravi et al., 2019). . In Iran, floods are the most dangerous natural phenomenon,
causing significant human and financial losses in various parts of the country annually.
Historically, floods have been recognized as the most frequent, deadly, and costly natural hazard
(Hejazi, Andariani, Almaspour & Mokhtari Asl, 2015).

Multi-Criteria Decision-Making (MCDM) methods have been implemented in diverse areas of
water management, including evaluating flood management options, optimizing resource
allocation, and assessing flood risk potential. Compared to models based on physical watershed
characteristics, MCDM methods require less detailed information and generally provide high
prediction accuracy (Dou et al., 2015). Therefore, this study aims to assess the flood risk of the
Kashafrood River sub-basins using morphometric indices and various MCDM methods.

Material and Methods
The study area is located between 9°E longitude and 35°38” to 37°N latitude, covering an
area of 15,650 square kilometers. This applied research integrates data analysis,
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geographic information systems (GIS), morphometric parameters, and multi-criteria
decision analysis techniques. Data analysis was conducted using ArcGIS and Excel
software.

Morphometric data were extracted and analyzed to enable pairwise comparisons for
hierarchical and network analysis methods, calculating the relative importance and
validity of parameters.

The TOPSIS method, introduced by Yun in 1980 and further developed by Yun and Wang
in 1981, is widely used in multi-indicator decision-making. The VIKOR method, first
introduced by Aperivik in 1979, focuses on selecting and ranking alternatives based on
conflicting criteria (Mardani, Zavadskas, Govindan, Amat Senin & Jusoh, 2016). The
ELECTRE method, developed by Bernard Roy in the 1960s, uses dominance
relationships to compare alternatives.

Validation of the models was performed using percentage change analysis and recorded
flood points in the region.

Results and Discussion

The criteria for this research were the morphometric characteristics of the 20 studied sub-
basins, extracted using a Digital Elevation Model (DEM). These characteristics were
categorized into three groups: linear, surface, and relief parameters.

Linear parameters included watercourse length and branching ratio. Basins with longer
watercourses typically produce higher runoff and faster peak flow during rainstorms
compared to basins with shorter watercourses (Batt, 2019). Surface parameters included
basin area (A), basin length (Lb), basin perimeter (P), shape factor (Ff), drainage density
(Dd), roundness ratio (Rc), elongation ratio (Re), texture ratio (Tr), waterway density
(Fs), shape index (Bs), and holding constant (C). Relief parameters included basin
elevation (Bh), elevation ratio (Rr), and elevation number (Rn). Basin elevation (Bh)
indicates slope, waterway gradient, and runoff discharge.

The prominence value of the studied sub-basins ranged from 2247 to 1049 meters, with
the highest prominence observed in sub-basins K04, K09, and K13, and the lowest in sub-
basins K05, K12, K14, and K17. Among the criteria, basin area (weight: 0.188) was the
most significant, while basin prominence (weight: 0.008) was the least significant. The
compatibility ratio of the parameters was 0.05, indicating valid comparisons since the
value is below the threshold of 0.1.

The percentage change analysis revealed that the ANP method exhibited the lowest
variability (25%), while the AHP and TOPSIS methods showed the highest variability. A
comparison of observed flood points with model results indicated that the ANP method
had the highest correlation with flood points, followed by the AHP method, while the
ELECTRE method exhibited the lowest correlation.

Conclusion

To prepare a flood zoning map for the studied sub-basins, multi-criteria decision-making
(MCDM) methods such as AHP, ANP, TOPSIS, VIKOR, and ELECTRE were employed.
Morphometric criteria were utilized to evaluate the performance of these methods.
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The sub-basins were classified into five flood risk classes by each method. According to
the AHP method, 53.6% of the area was classified as high and very high flood risk. The
ANP method classified 50% of the area as high and very high flood risk. The TOPSIS
method classified 47.6% of the area as high and very high flood risk. The VIKOR method
identified 61.13% of the area as high and very high flood risk, while the ELECTRE
method classified 50.75% of the area in this category.

Validation using flood points showed that the ANP method had the highest accuracy. The
percentage change analysis also confirmed that the ANP method exhibited the lowest
variability.

These findings suggest that morphometric indices and MCDM methods are effective tools
for assessing flood risk in watersheds. However, flood risk mapping is an iterative process
requiring periodic updates due to changes in land use, weather patterns, and other factors
influencing flood dynamics. Regular reassessment and updating of flood risk maps are
essential for accurate and effective flood management.
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5 sl 5 (Chorley, Malm & Pogorzelski, 1957) OSas 5 )5 dibe S| iy Slidss =W

S Corlis Gestlas Wls edie o5 (Al-Saady, Al-Suhail, Al-Tawash & Othman, 2016) ol,Kes
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— el o S e 303 Slses A e sl (S50 sla ST s bl et Ls
2> Ol gl 5 S o Sladllas 5o (35 Caenl a2 ls pl s e DL G55 58 550 sl
Alam, Ahmed & Sammonds, ) O1,Sea VJ‘ Aol (ool 3l Sladllas 55 el ol a8 408 sl glads s>
(Moghimi, Mousavi Harami, Moatamed & 0Ol,Kes 5  esie 5 (Hamdan, 2020) olaes. (2021
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Table 3- The weight of each parameter based on the AHP method

839 LY bl golas cadle &3
weight Parameter Acronym Row
0.097 Stream length asl 1 J,b Lu 1
0.029 Bifurcation ratio sl & Ro 2
0.188 Area ELos A 3
0.076 Basin length 4z - J b Lo 4
0.058 Basin perimeter 4 s~ Lo P 5
0.124 Form factor |2 ;s Fr 6
0.034 Drainage density :Sa; o513 D 7
0.090 Circularity ratio s S Re 8
0.052 Elongation ratio _Sa.iS & Re 9
0.020 Texture ratio sl <o Tr 10
0.034 Stream frequency «al .1 il 5 Fs 11
0.154 Shape index <& _axLs Bs 12
0.017 Constant of channel maintenance.sls &5 &b c 13
0.012 Basin relief «s > Sor Bh 14
0.008 Relief ratio Ko, o Rr 15

=
(o}

0.010 Ruggedness number S » sis Rn
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Table 4- AHP score with different priority classes

b hs )3 “wo > b gyl b eyl bl b ol
Area percent Subbasin Priority class Priority score Class number
9.2 K02,K03,K07,K12 oS s 124.93 — 93.68 1
124 K09,K13,K14,K20 oS 151.37 — 124.93 2
24.8 K04,K08,K10,K15,K17 Ly 206.65 - 151.37 3
29.3 K05.K06,K11,K18,K19 N 247.51 - 206.65 4
24.3 KO01,K16 b e 706.60 — 247.51 5

by ht ot e akb 0 53 bas = 50 (ANP) oSl Ls s, 03 Y Gl il lil
sKOL o 5 s cnl sla i olal 2 (0 Jpir) Ll il oS Lo 5 oS v e 00l
5k o LSSy 4o Sl oy YT su oS W1y 13 sl A (65 e 4tk > K16
Sl Ay YOV oS 4 8 513 sl (g e ab > K19 (K18 K11 K06 (K05 44 5 =
S 50l S e ab 3 4 Colis Sl Ao 00 IS b gl e Beld | 4o s ol

.:I;fda)\}:b”j
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Table 5- ANP score with different priority classes
o los A3 w5 ol oyl b Cu gl el b o,led
Area percent Subbasin Priority class Priority score Class number
9.9 K03,K07,K12,K14 oS S 124.03 — 150.91 1
12.3 K02,K17, K20 oS 150.91 — 186.73 2
27.8 K05,K09,K10,K13,K18,K19 Ly 186.73 — 206.47 3
25.7 K04.K06,K11,K08,K15 N 206.47 — 229.76 4
24.3 KO01,K16 s 229.76 — 580.99 5

)JL&M}}ﬁj}:}ui))O_i\)b.b)bANP_jAHP JJ..A}JL.:‘_;}U&A .la.i‘f;:wb&)) c:l.“uw)j

o s S W bl ol i) WA e sl ket U oS 5 e aib O

)\ BW-RE VA PpEty PLY Vb)‘b )\} JLi) 6}?"(}?‘” 4.;1;.19 BE K19 9 K18 4K15 4K05 cKOl w;;-f)

L;L;}-uj.:.m 'h.’.‘j“;’ B w)? Mjba' )‘JZQScU:oj‘) UJ»\ ;}"’L"‘"j"‘)"’j:g@j’)" b Mj} T WA

2ols 3 sl 5oL

il glacs ol 4ib L TOPSIS Ll 5 Jsi>

Table 6- TOPSIS score with different priority classes

Sl A5 “woy ol sl aid e gyl k! b ol
Area percent Subbasin Priority class Priority score Class number
9.1 K02,K03,K06, oS Sk 0.239 - 0.2580 1
122 K09,K10,K12,K13 oS 0.258001 - 0.2930 2
30.3 K04,K07,K08,K11,K14,K17,K20 L s 0.293001 -0.33200 3
30.3 K01,K05,K15,K18,K19 NI 0.332001 - 0.43300 4
184 K16 by A 0.433001 - 0.80100 5

G0 ol o A gakb (gt e b O 5o baas e 50 (V Jodr) 550 sy il el
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Table 7- Vikor score with different priority classes

b hs )3 o> ol gyl i e gyl k! b ol
Area percent Subbasin Priority class Priority score Class number
9.64 K02,K03,K07,K10 oS S 0.852 - 0.983 1
17.74 K09,K12,K13,K14,K17 oS 0.623 — 0.852 2
11.49 K01,K08 b 0 0.578 — 0.623 3
25.03 K04.K06,K15,K18,K19 N 0.448 - 0.578 4
36.1 K05,K11,K16,K20 sby s 0.258 — 0.448 5

JLJ}.- 6}0-& 4.:1;.19 K18 9 K16 K15 Wf-ﬁ) aw &S (A d).)&-) MJ‘_;G olis oJ.Iﬁ‘ UZ-}) @b.s
—dee aib 53 esgdee 3l Ao s YV ssu> 5 0L L (5 b 4idb 53 4 - C b Sl Ao s
Aol 3 sl g
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Table 8- Electere score with different priority classes

“wo g ol gyl b o gyl 5l aib o jled
Subbasin Priority class Priority score Class number
18.12 K02,K03,K06,K07,K113,K14 oS S 1
14.43 K09,K10,K12, K17 oS 2
16.71 K04,K08,K20 Lo s 3
22.19 K01.K05,K11,K19 NI 4
28.55 K15,K16,K18 b ke 5
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Table 9- The percentage of changes in the rank of sub-basins in different methods

Ol i A3 Kl

Mean of percentage change
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Table 10- Correlation results between recorded flood points and the results of
multi-criteria decision making methods

ELECTREVIKORTOPSIS AHP ANP

. | Z.
0.182 0.569" 0.303 0.671".838" el (St
Speirman correlation
I3t i b gla
0443 0009 0.194 0.001 0.00C Sk e A gl e
Significant level Recorded floods
Sldss

20 20 20 20 20
Number of data
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Fig.5. The percentage of the flood class area in each of the studied methods
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