93, Yo

(YY-TY) 1£+¥ olo widwl 0383198 0 jloud (gl § ot 098 (s ) Lo (S3819T g pole

SO o (o (6 p7 0l oS 4y s i Gl Gt iy A0E g
(°ml'°}r Ol )95 °|-g-w )-,«,-"UT 0)? HECESTY wlb.o)

e
Sy d9 o &S sl
bmvaziri@gmail.com
"G Lo

t S| >

LS FAAL A JPR VP AN VPeY/B/4 il yo &,
oS
I3l gobatil Sl ol Jihio s (sl 8 Spdion 35,5 S 5 aeels SO s (S ST Jiw 10 5 e
ool s dxs (3blis Sl 488 4gd Gl 055 351 (6l sl s & Sl o3 b ] glaooly 5 ogllasl
S5509000 glaanlllas (gl liims 5l (g )l 58S Susul (laojem 15T j0 Dledlbl 550aS S a sl s o e sl o
9 e E989 Wi g slml p J5e Jelse (n St (lalid culal (nl S oo eslinul (GG slaJulosiod 125 5l (65 Jow 5
0397 ¢yl GigSy 50 1 adly s S 2alS sl o b Sal, o nts 5 (S Wlgioo ol S rdytumlin ALK 48 iz
P50 5 ot ol ololid g s datne Gblie (i (sl (oltile,S” ll) o ol 3Ll js 3,8 Jlods 50y ol el
A ol ol gg8s
3 ol JSim gy (ML) otle 550l 5501 adllan 550 aklaie () 3 oo i 3blin Lol (sl figm 2 13
IRV IPUPE SR R T o yskiedy 41538 Gl (ST, asd 28,5 1,8 eolaiwl 0,90 el Lare
5,5 15 55 e e blio lyic 4 55 adlae T 5 35 00t cud dilata ;3 1F4 Y ole 31 gl 50 bl Slas, OF :laaxily

Jole A anlllans ygo dibate glony 5 shd ldllae ooy b i osliial o el jslatady 1Y+ 5 g5lo Joe jslatedy V¢ i

(Ll ) ol e ecgadlol o1 olKetols el g pole 4Ty actums; Lasons 5 sxrals gulie 205l cchonals _quskign 09,5 ojleilo -
ol ple s e ool ol oSl ol 5 g ¢ meabs qulin 5 (85,5LES 09, olaciils ¥
ol s w5 oKl ¢ rrabs ol Sl ¢ SliansS 5 (St 3blie (slixl og,F oliwl ¥


mailto:bmvaziri@gmail.com

Gaigy Hshateds (El)] 5 cod Sz ((SW)L (oulid ey Sloogas @il sl alols ((LON)] (625 (8585 0515 ) e

00l (ROC) (i 8 Shos (asets (piomie 5l b b (@S (o)l 5 v )Ll pslaiony s angd 5 el DD
5 CIYY) ailsog, 5l alols (+170) (Fai)l Jale o M sloaiyy p Fgo Jole A (5l a5 0ls (lis gl (6 puS domatd 9 Sy
oS ols plas bagse (9,5 o)l @l Geizes 5l asllas 50 dilate 55 e 5o 1) 58l n SR S S (V) glis )|
aibite ;0 Jow £989 4 Comluo aiis ags ;0 RF Jow oYU cds g o115 saimoplis a5 o9 +/AA « RF Jus ;0 AUC jluie
ool 45 ols 3l Jeols guolts el o5 L 4o &) by ye RF Jo 5 i 4 Commsbos lins o5 i bl s anlllass e

b 9ol )5 s s o g 45265 50 fge yobo 4 Wil oo Bolad iz g, (ML) il (650 o 55501 5|

o,e oLT Aol ¢ b e ¢ o 0 Shoe anseid (Sovie (6 S o 1 g0lS (5039



J. Env. Sci. Tech., Vol 26, No.12, March, 2025

Preparation of flood_prone areas prediction map using random
forest machine learning in the Siahkhor Watershed of
Kermanshah Province

Ali Kiani !
Baharak Motamedvaziri2™

bmvaziri@gmail.com
MohammadReza khaleghi 3

Hassan Ahmadi 4

Date of Acceptance: January 8, 2025 Date of Submission: July 30, 2024

Abstract

Background and Obijective: Flash floods are considered among the most dynamic natural disasters,
necessitating measures to minimize economic damages, adverse effects, and their consequences by
enhancing flood sensitivity. Therefore, mapping the sensitivity of areas prone to flooding is a critical
step towards flood management. Due to the scarcity of information in most of the country's watershed
areas, many researchers rely on spatial analyses for hydrological studies and flood mapping.
Consequently, identifying the most significant factors influencing the creation and intensification of
floods, as well as mapping their sensitivity, can be one of the most important strategies for reducing
flood risk. In the current study, the Siah Khor watershed in the northeast of Islam Abad-e Gharb
(Kermanshah province) was selected for predicting flood-prone areas and identifying key factors
affecting their occurrence.

Material and Methodology: To identify flood-prone areas in this study region, the Random Forest
machine learning (ML) algorithm was employed within a Python environment. A map depicting the
distribution of past flood events was created to predict future flooding.

Findings: Fifty-three flood events were recorded in the area, and forty-nine regions were identified as
non-flood zones; 70% of the data was used for modeling and 30% for validation purposes. After
reviewing previous studies and surveying the study area, eight influential factors (slope, drainage
density, land use, distance from the river, geological characteristics, rainfall, slope direction, and
elevation) were selected for flood zoning. The Relative Operational Characteristic (ROC) curve was
utilized for model validation and efficiency evaluation.
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Predicting Flood-Prone Areas Using Machine Learning Methods in the Siahkhor Watershed of
Kermanshah Province

Discussion and Conclusion: The results indicated that among the eight factors affecting flood zones,
rainfall (0.35), distance from the river (0.27), and elevation (0.21) have the most significant impact on
flooding in the study area, respectively. Furthermore, the evaluation of model outputs revealed that the
Area Under the Curve (AUC) value for the Random Forest (RF) model was 0.98, demonstrating the
high efficiency and accuracy of the RF model in mapping flood sensitivity in the study area. The largest
area of flood sensitivity in the RF model corresponds to the very low category. The findings suggest
that employing the Random Forest machine learning (ML) algorithm can be effectively used in
analyzing flood risk.

Keywords: Flood, Siahkhor Watershed, Site Selection, Machine Learning Algorithm.
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Figure 1. Location of the Islamabad city in Kermanshah province
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Figure 2. Factors Influencing Flood Susceptibility Map Preparation
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Figure 3. Spatial map of flood and non-flood locations for random forest model training and validation
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Figure 5. Flood sensitivity map generated random forest model in the Siahkhor watershed
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Figure 7. ROC curve and AUC of flood sensitivity using random forest method in the Siahkhor watershed area

lr Bebod (nl po el 4285 ploxil ((Bolay JRiz) il
Sgpe adbie 3 fw b3 il gl @bl s
SN (S5 o815 o) S 3b el A Sl adllae
(S et paey Slaogas wilisg, 5l alols (2l
b 3 (Bolad S oy, 5 ()] 5 et o
wibiie o bl 3)50 OF Ll cnl 4o b ooliial o5l

Wl sl weye Voo olay jgbay b Cud S e

S S A g Sy
dls ;o a5 cul b Olbbu 5o, 5 (SO e
Ol (TV) 05dpe Jlsel oo 5 (S5 & S)lud czgo
Ol 1) GUSL e doitns sl adg> plsg lulid
Copde slp oeile 550k aid iy laJae 5l eslaial b
mdigy AL agd Soal legh (pl (Y0) ol pll L sLL
bl el 50 593 ol 3l 0592 30 (s o Jmuiliy g0

ol lapr,sSl 5l eoliul L wliiles e




1PV olo wilwl NN 0 Loy e § dazmo (55919050 9 ol Yy

Bblo (nl jo (Dl &8lge ;o Ol Gl 5o 5o Jalse
Oy elas | 2ol581 b anlllass yge judul 0595 10 .Cal 034
Ol Slelisf 5o 5wl (RT3 SW55L lade si Gblie
Shabse SRl (Sl ke iadg> (g ys 4 Sea5 g 5
P e Cedimly Bble 13 625 Jew £585 Jlet>l ()b
5 SWL GRIP e e alal, SO cnlply @Bl o
508 el 0392l Cawd by Gblie jo & jlus 5 (655 Joms
7957 JlieeS alols ;0 5, 1S az g 00 b aS 51y 92
SLT Ol i s 50 9aVIs S 5 Sms 0l 5 55 adg>

S oo g gyl izl (2, By, a5
59 5% Fe else Caglsl sl 9 OOl £589 Jlas At agd
I xS g ol bl Qlulid 55w )15 Dl
Ol 0 25de0 9o 4z g ol g Cel Bblie (! Sy
Sz oiyssl g sladoe I eslinal il slaJoe
P o)lo Sladss QgJ 59 ‘53|}M.4' );I GIS L QT B2l g 69.>L.a;
Ol s ogd ous 4y sleanas cds ioli8l o ge wilgs go
aib 0 a0 YO sgus Gadod ddlaie a5 ol lis gk
Solas Sz Jae 5318 OOl £939 ylas ol g0k L
2 Ay sladele 5 O Ll (53,5 0S5 sln (oonlis )l
s Gty Ay 4B apd S e onlply el (]
ootz 5 b (RS Caslins 4 SaS (&l sage 513!
15 95 _o Sl el O 53 51 L5l Sl jlu ialS gl
5 i) Ko sledae olen 4 Jao ol ST slaiags,
Solas JSaz by, o5 Sl 55 (LS (b )3 09d anlis
ol 288 5l g wiS (oo Jos (295 4 0L slaodls w2 sl
oz p)pssdl SeSS 1 eslial cnlple ol I 95 5
ol slazel LB g apie o K85 few Sl 231 s (Solas

o293 SN Jael I 59 ST Olla>de
aldbgls &jg0 4 pol> Gaid jo GEas oS ) lin oS

o o009 UL;‘ wLa) L: 9

ool

Sl 00l (ol i B g Lawgs pol> iz a e

= ol 002 apd slaJoe oLl (slp e )0 Y g (g5l Jae
dslre (6 pdy o Gloaids sl )g2Sl Coanl 0l g
R W)L,.‘;_cl leasss coles jo 9

S M 4 Comlen (ot sl i (0 e
Oliie o3 (IYY) gl (YD) e (/YD) S
(YY) 502 5 2ig] o(Y8) Kt g oy oz 5| e
TA) @2 dP) JhlSes 5 @lo) (V) GLlSes 5 o0l)l 4
b 2o i 3 el ol olsies | el (ot
Ay G350l 0595 58 e ey (i NS (s s
s el Cawy [PV Ll s )lael 0,90 40 5 +/AA L
dolas JSim oo 5 oolitl b oo ooliiul Jous _oomies kel
aile /30 L il (ROC) o 5 b a5 ols ol
5 ot ol ahb oLt SIS B 4 (5305 e 2
aS ol lid gl 050 )T el o5 LS g 0l cdangie (o
B eS (ks g o8 Comlus il )5 ddlate 0o )0 OF S50
ol B ol s covlus adds ;0 00 0 YO 590 95,5 oo
Syl 13

ol s il g 55 e s 3hlie iy
oo «ilb0g, 4 S0 Jolgd (mly el IaST g ol el
Sy oobed ey B 51l 18 (65,0laS & jgam L2
GFeSB b s ldsle ool &5 ol slasiile 5, 2
A sle ol Gyl Sal glaay ol b obew a4 blais
o o)l )eS spdided b lee Sl c2olo
5o 4alpl o8N iSa; glaasls (S5 45wl (o(lsl 5
oS Ceand il (o0 9050 (nl age T 53, 2 (O ]
Wwgl (o055 AL 55 S9) 2 o Jow s 4o e
5 Ol Lo o ailie Q2050 dal Lo b
b lwgie <8l 5l g)loye5 5 Judo s 09,5 ol sloo s,
SYL s pdy Sei5 Sl Sl eDl)S og Jadie g il 2l o
sl colld o i glaauz 5l A will (oo o955
589 Jlez! 85,08 )95 5 (sloing Coenl 5 ol I (s )l0 550
P e g g s 4 cews by bl 55 655 o
ol m b Aol als el ccawoVl ble 3l 5

55285 65,9l (LTSl (58,5 513 (5 pme 3 5 s,



Yo

e S0kl K iilo (65500 oS 4y oo drtiwo 3l Sou g A A

10.

Area of Khosef City. jwmseir 2024; 17
(63) : 4, 38-50.

Rezaei F, Pourgasmi H, Shamsi F,
Khosravi S, Rasoul R. Spatial modeling
and preparation of flood potential map
using machine learning algorithms
(case study: Bushehr province),.
Comprehensive Watershed
Management. 2024.

Qanawati E, Safari A, Beheshti JE,
Mansoorian |. Flood potential zoning
using CN and AHP hydrological model
integration in GIS environment, case
study: Balkhlo river basin. Zagros
Landscape Geographical Quarterly.
2013;7(25):67-80.

ChenW., Li Y., Xue W., Shahabi H., Li
Sh., Hong H., Wang X., Bian H., Zhang
Sh, Pradhan B., Bin Ahmad B.
Modeling flood susceptibility using
data-driven approaches of naive Bayes
tree, alternating decision tree, and
random forest methods, Science of The
Total Environment,2020;
701,134979,ISSN 0048-9697.

Band, S.S., Janizadeh, S., Chandra Pal,
S., Saha, A., Chakrabortty, R.; Melesse,
AM.; Mosavi, A. Flash Flood
Susceptibility Modeling Using New
Approaches of Hybrid and Ensemble
Tree-Based Machine Learning
Algorithms. Remote  Sens. 2020; 12,
3568.

Isazade, V., Qasimi, A. B., Al Kafy, A.,
Dong, P., & Mohammadi, M.
Simulation of flood-prone areas using
machine learning and GIS techniques
in Samangan Province,
Afghanistan. Geodesy and
Cartography, 2024; 50(1), 20-29.
Ghanavati E. A., Safari A., Beheshti
Javid E.,Mansourian E.(2014). Flood
Risk Zonation Using Compilation CN

OB W g9 &5 Lo

u’.tL»S LSLC ¢S P )9deio ‘S)LQ) :6)"‘»))#%\.3“ 9 u}_’>‘).la

(LS e o6 gdeine Sl drosls Juda g bl b,

G| . A Lo dezno
Srigdeine Sl il )l

Lsslﬂs sl‘ LY

&8l o,

Blie oyl sSyp wil il allie (Faieys bl by

R 039

References

1.

Sattarzadeh I, Amirpoua S, Haji Kandi
H, Sadeghian MS. Spatial prediction of
flood-prone areas in the Karkheh
watershed of Lorestan province using
the combined random forest model -
weight of evidence. Watershed
Research. 2023;36(2):87-103.

Fang J, Zhang C, Fang J, Liu M, Luan
Y. Increasing exposure to floods in
China revealed by nighttime light data
and flood susceptibility mapping.
Environmental  Research  Letters.
2021;16(10):104044.

Costache R, Arabameri A, Elkhrachy I,
Ghorbanzadeh O, Pham QB. Detection
of areas prone to flood risk using state-
of-the-art machine learning models.
Geomatics, Natural Hazards and Risk.
2021;12(1):1488-507.

Yousefi, H., Yonesi, H. A,
Davoudimoghadam, D., Arshia, A., &
Shamsi, Z.Determination of Flood
potential Using CART, GLM and
GAM Machine learning
Models. Irrigation and Water
Engineering, 2022; 12(4), 84-105.
Chezgi J, Poyan S. Determining Flood-
Prone Areas Using Machine Learning
Models in the Shahrestank Watershed




VP ¥ olo wiawl VY 0 kol camn § dmo (55815050 g pole Ys

18.

19.

20.

21.

22.

23.

24,

25.

Talebi A, Gudarzi S, Pourgasmi HR.
Investigating the  possibility  of
preparing a landslide risk map using
random forest algorithm (study area:
Sardarabad watershed, Lorestan
province).  Natural  Environment
Hazards. 2017;7(16):46-54.

Breiman L. Random forests. Machine
learning. 2001;45:5-32.

Hastie T, Tibshirani R, Friedman JH,
Friedman JH. The elements of
statistical learning: data mining,

inference, and prediction: Springer;
2009.

Lee S, Kim J-C, Jung H-S, Lee MJ, Lee
S. Spatial prediction of flood
susceptibility using random-forest and
boosted-tree  models in  Seoul
metropolitan city, Korea. Geomatics,
Natural Hazards and Risk.
2017;8(2):1185-203.

Avand MT, Moradi HR, Ramzanzadeh
M. Preparation of flood sensitivity map
using two random forest machine
learning models and Bayesian
generalized linear model. Environment
and Water Engineering. 2019;6(1):83-
95.

Timuri M, Vakili Tejareh F, Mazin M,
Ramezani M. Comparison of machine
learning models in flood sensitivity
zoning of Karaj Dam watershed.
Iranian Journal of Watershed Science
and Engineering. 2023;17(61):30-40.
Razavi Terme SV, Malek MR.
Preparation of flood sensitivity map
using the combination of intuitive
belief model (EBF) and analysis
hierarchy process (AHP) case study:
Jahorm city. Journal of Mapping and
Geospatial Information Engineering.
2016;8(3):1-15.

Rostami F, Tavakoli M, Rostami N,
Ebrahimi H. Assessing the flood

11.

12.

13.

14.

15.

16.

17.

Model and AHP Via GIS (Case Study:
River Basin Balekhlo), Physical
Geography Quarterly, 25, 67-80.
Cheraghi Ghale-Seri A, Habibnejad R,
Mahmoud SH. Preparation of flood
sensitivity map using support vector
machine (SVM) model and geographic
information system. Natural
Environment Hazards. 2019; 9(25):61-
80.

Malekian A, Khozani O, Ashornjad G.
Flood risk zoning of Akhtarabad
watershed using fuzzy hierarchical
analysis method. Natural Geography
Research. 2013; 4(4):131-52.

Yamani M, Enayati M. The
relationship between the
geomorphological characteristics of
basins and the flood potential.
Geographical researches. 2015;
37(54):47-57.

Garde R. River morphology; 2006.
Mousavi SM, Saeed N, Rakhshani MH,
Hosseinzadeh SM. Evaluation and
zoning of flood risk using TOPSIS
fuzzy logic in GIS environment, case
study: Baghmolek watershed. Natural
Environment Hazards. 2005;5(10):79-
97.

Nasrin Nejad NE, Rangzen K, Nasraleh
K, Saberi A. Zoning of flood potential
of Baghan watershed using Fuzzy
Hierarchy Analysis (FAHP), remote
sensing and geographic information
system in natural resources
(application). GIS in Natural Resources
Sciences. 2013; 5(4):15-34.

Parastar S. Zonation of flood hazard in
the watershed Balkhly chay using by
ANP model, M.Sc in Physical
Geography (Hydro Geomorphology),
University of Mohaghegh Ardabili,
2014, 617 p.




Yy

e S0kl K iilo (65500 oS 4y oo drtiwo 3l Sou g A A

27.

28.

Islam ARMT, Talukdar S, Mahato S,
Kundu S, Eibek KU, Pham QB, et al.
Flood susceptibility modelling using
advanced ensemble machine learning
models. Geoscience Frontiers.
2021;12(3):101075.

Arab N, Mahini S, A M, Tabrizi A,
Witte T. Flood risk analysis using
random forest machine learning

method (case study: Mashhad city).
Ecohydrology. 2023;10(1):1-15.

26.

potential of  watersheds  using
hierarchical analysis process (case
study: llam  city  watershed).
Comprehensive watershed
management. 2021;1(1):1-16.

Kayani Asl MA, Motshefa B, Roshan
SH. Evaluation of machine learning
algorithms (RF and SVM) in producing
flood sensitivity map of Maron
watershed.  Iranian  Journal  of
Watershed Science and Engineering.
2023;17(61):41-51.




