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Extended Abstract

Introduction

Although a flood is an extreme and exceptional flow, every exceptional flow will not turn into a destructive flood,
different factors must be changed in nature to cause destruction, damage, and casualties. In general, floods can be
divided into four groups flash floods, river floods, urban floods, and coastal floods. Urban floods usually cause
fewer casualties and mainly create damage caused by flooding, disruption of traffic, interruption in socio-economic
activities, and problems of this kind. The damage caused by non-urban floods is often heavy and sometimes
accompanied by high and catastrophic casualties. According to the Mediterranean climate, Iran is the seventh
country in the world in terms of flooding. The flood-prone areas of the country are estimated to be around 91 MHA.
In other words, 55% of the country's surface has contributed to the production of surface runoff, of which about
42 MHA have moderate to very high flood intensity. The review of sources shows the development of knowledge-
based methods, statistical methods, and artificial intelligence algorithms in predicting flood-prone areas in urban
and non-urban watersheds in different regions worldwide. However, a hybrid method of the Fuzzy, Delphi, and
Analytic Hierarchy Processes (FDAHP) in urban flood susceptibility has not been used. Regarding the questions,
what are the most important factors in urban flood occurrence? Is it possible to determine flood-prone areas in
urban areas using the FDAHP hybrid model?, this study aims to identify the factors influencing the occurrence of
floods and predict flood-prone areas in Sanandaj City.

Materials and Methods

In this study, which has a descriptive-analytical-comparative approach, to predict floods in Sanandaj City, the
FDAHP was used. First, each of the conditioning factors (14 factors) was scored by flood experts and completed
using the scores obtained from other stages of the FDAHP model. After collecting the opinions, the relative weights
of the indicators were determined using the hybrid model, and finally, the flood susceptibility map of Sanandaj
City was prepared using ArcGIS 10.5 software. The different stages of modeling with the FDAHP method are as
follows: 1) experts' opinions, First, with the help of experts (technical and executive experts of the Kurdistan
Province and Sanandaj Municipality's Natural Resources and Watershed Administration) the decision-making
parameters according to their importance qualitatively or, if possible, quantitatively they rate. (Opinion scales are:
very important with a nine score, importance with a seven score, average importance with a five score, low
importance with a three score, and no importance with a one score). 2) Calculation of fuzzy numbers. After the
preliminary stage, which includes a survey of experts in the form of a qualitative or quantitative questionnaire,
fuzzy numbers were calculated based on the results of this survey. 3) Forming the matrix of fuzzy pairwise
comparisons. 4) Calculating the fuzzy weight of the parameters. 5) De-fuzzification of model parameters. 6)
Evaluation of the accuracy of the output of the spatial flood prediction model.

Results and Discussion

The findings showed that slopes of less than 10% (flat), areas with an elevation of fewer than 1400 m above sea
level, slope aspect and curvature (flat), urban land use with high building density, rainfall of more than 369 mm
and rock type Qt2 (Quaternary alluvium) have the highest susceptibility to floods compared to other types in
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Sanandaj City. Also, the results show that, on the one hand, increasing the distance from the residential areas, the
distance from the roads, and the distance from the waterways decreases the susceptibility to urban flooding. On
the other hand, with the increase in building density, the density of roads and the density of waterways in Sanandaj
increases the susceptibility to flooding. These results are consistent with the other studies that concluded the
residential areas with the largest area have the highest risk of vulnerability. Our findings indicated that the density
of the waterway, the slope, and the distance from the waterway have the most influence on the occurrence of floods
in Sanandaj City. Rainfall, road density, building density, distance from residential areas, distance from roads,
flow accumulation, elevation, land use, lithology, and slope curvature are the next priorities in terms of importance
in the occurrence of floods in Sanandaj City.

Conclusion

The flood prediction map showed that a large part of Sanandaj City including the City's northern, western, southern,
and center, which is crowded, has more potential for urban flooding. For example, the old and dilapidated buildings
of the City center are highly susceptible to floods, but the border areas around the City have less exposure to this
phenomenon. Therefore, as the distance from the City center and the residential regions increases, the potential for
flooding decreases. Based on the value of 80.56% of the area under the curve, the validation results indicated that
80.56% of the areas where urban flooding is visible have been correctly predicted. The FDAHP hybrid model had a
high ability to estimate the areas prone to urban flooding and, therefore it can be tested and evaluated as a management
tool to identify urban floods in other similar areas. Since our aim concerning the occurrence of floods is more on
flood mitigation, according to the mentioned theoretical bases and the existing views in the field of flood prediction
maps, it can be stated that the ruined canals and the network of waterways, unauthorized constructions, high density,
and elevation of buildings, old and dilapidated buildings and the irregularity of the canals have aggravated the urban
flooding. Overall, it can be said that obtaining an accurate and reasonable urban flood prediction map can help City
managers and planners identify flood-prone areas to manage the urban flood crisis.
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Figure 1- Location of the study area in Iran and Kurdistan Province
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Figure 2- Examples of the floods in Sanandaj City (https://tn.ai/1979671)
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Table 1- Influencing factors on floods in Sanandaj City and their classification (Source: Authors)

S Jolys Gl oo il

Foe Jolse

(1) 0-10, (2) 10-20, (3) 20-30, (4) 30-40, (5)>40
(1) oo (2) Jlos (B) 35 Jlos (4) G35 (5) Gy 9> (O)ogix (7) oy w9z (8) ye (9) oyt Jlos

(23) s dal;

(©50]]) b

(1)1368-1400, (2)1400-1500, (3)1500-1600, (4)1600-1700, (5)>1700 (s2e) glis))

(1) pie {(-3.099) — (- 0.265)}, (2) &M {(- 0.2655) — (- 0.225)}, (3) iz {(- 0.225) — (3.471)}
(1) 0— 1343, (2) 1343 — 5915.282, (3) 5915.282 — 11113.560, (4) 11113.560 — 14698.580,

(5)14698.580 - 45709

(Dt plae (2) s a0 (51b (3) (S9Sums Gblio (4) locs ) ol
(1)0 - .0.0156, (2) 0.0156 — 0.0438, (3) 0.0438 — 0.0771, (4) 0.0771 — 0.113, (5) 0.113 — 0.180

(1)0 - 50, (2) 50 — 100, (3) 100 — 150, (4) 150 — 200, (5) > 200

(1) 0= 0.00769, (2) 0.00769 — 0.0134, (3) 0.0134 — 0.0178, (4) 0.0178 — 0.0223, (5) 0.0223 — 0.0363
(10 = 50, (2) 50 — 100, (3) 100 — 150, (4) 150 — 200, (5) > 200

(1282 =311, (2) 311 — 330, (3) 330 — 349, (4) 349 — 369, (5) 369 — 412
(1) K2sh (2) Q12 (3) Kul (4) Kve
(1) 0-0.00186, (2) 0.00186- 0.00388, (3) 0.003%813—90.00574, (4) 0.00574 — 0.00792, (5) 0.00792 —

(1)0 - 50, (2) 50 — 100, (3) 100 — 150, (4) 150 — 200, (5) > 200

i dl.;zi\
oy (e
sl
(e yiaghs'  yio) ol oS3
(52e) (gigSme blis 5l alucld
(2o yioglsS 2 y%0) oo oS3
() oo ekl
(3eiske) S5k
PR
(cyo oshS 2 yio) anlyl oS5
(o) 4l 1 alols

&8 slael dnwlowo -Y-£-F

8 33 a5 51 sl Jal o5 ot Aoy 51
bl g5 slael dlbe wasl (o5 L A8 glaoliinny
ilie (5B olael el ol 13,08 )5 e (i a5yl ol
Pgdise Gy pj baly) ©ygod

aj; = (a; + 8+ yy) )
a = Min(Bi,-k).k =1....n v)
1
Sij = (nn= 1Bijk)n.k =1....n (V)
k
Yij = MaX(Bijk)- k=1....n (¥)

o3 1 21 o Capol BamILES Bijic <398 Lallg) 2

d g Vb ds Cui e alj g yij omps Cwl plk Wl )8

O sl o 0k B 5 it lS s
A2 o lids

38 (295 GBamlie (w ilo JSulS -Y-£-Y
D98 o0 JSI5 5z by ilio (gladilse

A= laijj-aij Xa;=1Vij=1..n (®)
el IS5 ol e sb Ay 515500 toled
(%)

10 Aandaw Juloi— (83— 51 (oS 5 Jro £
(G hrog @3y sl S el Glagh
b 3 gt b > Vs (s ylaiody sl (gl lio
vaastie ol bwe lanl b eolitw! FDAHP (.S
5 Ll (bl (e V¥) Lo yusio 1 Sy 4 M ol 1
ot A5 Il )5S e sl b alols cljlizel 5 eolizl |
1,3 3l ool b do pad i und slogyjs ks 6gle
LB ol 3 Wb e (Slye dhades oo -6
JRley 5l ekl b gaiie jad OMew 585 (Swiie

A ad ArcGIS 10.5

obanaskis 5 o s —)-£-Y
JS 8ol ol s b sl i lS) «heanasiie KaSa o]
(g 5oy 5 liasS il (g)lozoul 5 (nb qilio
by Coonl (o 4 d g5 L 1) paomiad p 350 (slmnjialyb
S ©Oyg—od plLSel Ojpo L g (S O 9o
bl 5 a5)ke (oo L5 (sl politia) S oo (5L el
@y plp lwgie Cosnl win ply Cucnl b bl Coonl

Archive of SID.ir



Archive of SID.ir

Vo)

> (Tsangaratos and Benardos, 2014) aib o «loads
TP jlde o5 conl Sboj s Jla cpl 5l aei op g «Coleg
(Umar et al., 2014) 1L oS FP o g 05

coy g b Y

P delys 039 -)-Y

(5l i (il (56 (S 5 (Bg) 3 (3ilitel ol @l
slcws o ol ol basl .cuwl ond ooy LS Y Jods 5o
565 51 o § €165 1 3blie dae) oy )+ 5
rdawe) gl g glaaialy 5 capd Caa oo Voo ]
I roie s S8k (Sladle o515 L b o8) )8
(55155 oo sacd ) Q2 g5 j) Ko iz 5 yto Lo Y5
Ell 4 Camd Mo B9y Sl gl (ke
izt (Y Joia) Cusl gaiin b 3 S xS0
ablio j alol Ll b Gb Sy 5 aa e ol b
g854 Comslucs 3l laanlpl 5l alold 5 plas jl alols ¢ SgSs
ST e il L K05 G b 5l 555 oo 4lS (650 Dl
Cimnts i i 53 aall (135 5l o5 o ezl
el b @l ol 2edee 03958 O godot Cowluo
b FsSume bl 15, Lo S Rahmani et al., (2014)
cillas )3 1) (s pdycanl s Pt olus o ote
Moo 585 2 0 Jolgs cauaglsl ¥ S )3 oz )
2w Gl 1) 3lye sy bl 2 g e
5 s dugly canl ] w515 oS el o 5 Sl gl el )
Reb o g89 3 1) (638,86 (5t anlyl ) dlols
5 dols (el 1515 plas o515 (S0l lazdls it
S W) (gl (reaS plee I Alols (SgSus 3L
Mo 585 ) Sl Jla jl i lizeil 5 ol S ¢ 5)|
@b L@l ol )b L8 i a3 gaie 4l
oy Slaidle o515 258 Ly &5 Azadtalab et al. (2020)
b cdlas G paiiw gd gld OMw o8y 40 ke
Lals ylis a8 Ahmadi et al. (2023) ddllas ol b opiz e
€85 2 Fhe Jolse cninte anlyl oS1y g call I dlols
Al o g Std (680 Mo

[ (1.1.1) (a12-812.y12)  (@13-813-y13)
i(alz fm'ﬁ) 1.11)
|

() (i) auw

a3 813 Vi3 a3 823 Ya3 o J
L yolyb (658 (39 dwloee —£-£-Y

.)y.cL;o Ml?w ).:) 4]9.,]) 9.) )l

(az3-823.Y23) I

5 yiehly (o 556 ()39
7 = [ ® .. ® iy v)
Wi=ZiQ@Zi®..®7Zn) )
A®a, = (ay X ay. 8, X 8.y Xyy) oI
(ax/ay. X/SY'Yx/Yy)
Amd e i 1y pll yial)l (6316 ()59 & sl (gl

)Ib)g «Suwl 9 0 ax®ay=

Joo skl 53,5 (55U —0-£-Y
day 51 Jse sloyiall (g 0305 il sly ales
3 B )3 U o)l ()59 &S 398 0 03l 5 (ki (e

:J.Juo Cowddy alab

o= ([T

M (G Gyl S (295 Cono 25y -0-Y
bug O G i (S5 Jbe 38k b))
o)Ll slaylre polie &S Jdo p3 ¢ polwl () w (et al., 2017
398 o0 a3l wolie Jdo il aidl Joled S§ Cuons 4 005
sei b sblis )3 (g5l Jao sl ylno s .(Bui et al., 2015)

Sensitivity = _TP (V)
TP + FN

SpecifiCity = _N (")
TN + FP

Accuracy = TP+ TN (VYY)

TP + TN + FP + FN
FN 5 FP TN (TP clls )l sbul 4 pocie ssivdil oyl

Olgieds uwydd &S SO ble sl Cuipay oS dgd 0
olowsl & oS L;»LtbuM.w; blE sluws slosds d.J.uA.a.Ja oM
s FP esilodds (gaidads oMawpe sblo flged dwyod
b (Mo sble lged olidl & & M ys bl

Archive of SID.ir



Archive of SID.ir

VOA U YEY Soloxio VY Jho o 0yl € 0,93 [SB g 0l Sy g (5 5lw e 4 pud /5]y Sod g (6315 e VoY
T e Yo 989 2 S50 Joloe (55Ut Sy - Y Jgia
Table 2- Non-fuzzy weights of influencing factors on the occurrence of floods in Sanandaj City
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Figure 3- Prioritization of factors affecting the occurrence of floods in Sanandaj City with the Fuzzy-Delphi-AHP hybrid model
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Figure 5- Prediction rate curve of urban flooding (top) and flood density (bottom)
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