e
gt
%

. ° R pabas
53 /')/'{.TU’ g Jﬁ)/ Q&jﬁ
L/ 9 2.8

e o e
G Erhr Jir T bZ it

u;b@’-}c’.yju’wb(///uub_/// TG‘A\—Y' A :L;U

ol b (sl oF (sl (545 5 T 30 Jow dtiewno Gl (IS0 (i il
W9 039 — (Bl JK> (oS ¥ Joo 3
Folislo glosesw FguiS als ogd TGl o by ol ¢ 8315 ,Luw oMl
ol (5 oMl ST o8l (535 50 (a8 21y clyas udine 09,5 o (i (55> szl - )

Ol g, ¢ oMl 311 oKl (ymdg,y dnly ¢yl s wdige 09,5 bkl — ¥
Q\ﬁl ‘OI).Q(’{ ‘uo)'hl 3])’1 oKl ‘LSI’S)A O‘)‘QJ J.>|9 GL'J‘)Q.C (swdifeo og)f )L.)t'..»l -¥ 9 Y

' bgwe (5005

RV 9 doudo

Gl Sl 0l 5 b slac )Lz a5 col ) jo aldS gans )85 5 lrosyy 5 (S Jos oy
50 b jo JBlas S g0 g el o slas ) ol Lol 5 gxnds 8 b a5l (SGcenl oo o |
O35l 1) e (S35 6l S s S plsiedr Joms a0 (00 85 (S Dk 535 (nl 5l alak S
Slcsbs s (Jpame 35 5 55,088 ey il 5 ploislo gl Pl j5b 4 s (aglsem 5 il S e L
gy Lrre 5351 (ooladl L5 5] ol 6ol ll 10 ms iy o jlosts ) lpoolz 5 by sy
b eVl slo Lzel 7Y+ sgam 4538 (gla s 1o lei e 0l Slo i 5 o5 e g crrabilio
ol el oad o 5l (U Sl )l Gl Byo a8 e pud Bolg> Sl g (a1 2alS
Kz glSools 5 cinile (6 S0k sla Jow (6,5 ,54 5 S S0 Cuxdge laosls jloslaiwl b o ghs
Sgdge Bl o dats 3blie e St 4 ool oS 5 05 5 ol

gy 9 Olge

Oliwl 53 &8l a5 5" 550l o O Jloio| (ouisS o piie V) 5 (oS 5 la o 5l g cnl o
Zasb, (atls alaz jl ey IS (i slo et (g4t ol o it (ol sl oo oolil i)

gy 1o g3

sarraf@riau.ac.ir : &gy Cuny (L5180 J gt

350] )3 o datne sblie Sl oyt NFeY Lo (olBolo co (a8 b wo] wlyo ol ki 23U
A=A YY) ¥F g sl slaimgly dalgd 59— Bolai [Six (S 5 Jao Sl ealisil b s ) i (5488
10.22092/wmtj.2022.359264.1483 :Jbuzud gduwlind

NS TR (RARS i F TR E AL SRV L S v SRy TR AL SRVRST R S O T AL SRV (AL PR Y PR by
V¥ BAY gladsio AF-Y Gliasli YR ol gojlad & g0yl X5 g0)93 AF+Y Jlo g ylo550] sl jimg,

OB M 950 0l Gl (b @i 5 (55y5liS” B jgal 9 lisios S 50 1yl




U’/’/TU’ f&}?

ol ) el (54555 30l 45 s dmiaans (sblie S0 sy

2So o1 Jols (Sl b0T slaands (guaily (st CunBge (sl 5 (o cad ComBge (il (T
O sl sadgl Jdos g 25 sl glSTonls (sla Joa lasl jglate cplay ol (—iSa) (saS—3 5l alals
S50l o Jow (554,9 Sledbl ylgie 4 lay] s g o solitul aLidS sl fw slos, 5 Jame slo pie
CBS DA a5 1Y+ o Liiel g AV 390l 0,5 90 4 Bolas JSb 4 o (sloosls .o solitul o dle

A oy (ROC) o Slae (saasuin o oy, 5l oolatwl b (oo s

gl LY 159 5 Jow Glsieds aaleds (39 9 Solal Ko oS 5 oo (bl 0 +/AVA Galeds 59 Solas
5 ok canlpl 5l alols o iSa; (ST Jalse o Solas 5o Jaw ulwl p.cails lawgio gojlasl 5l i b b

D309 e byl S50 Jalge (p St (e 52,8

SilwJowe (aamo Jolge o (o Sl 1 guuls 55lg

Jow s ZYANA s YAIVA C8s o5 ey ¢ Bolas S
TYVIYE g YYD C8s ccud b 4 ool (5blg
Sy ez Sl ldahaie o —imgh jo sl lus ],
VoV ) oL 5 0 o s pdscambas 3lh Jow
S0 s Jos St Sl ganlio g bl
Solits (6 8 puoas e ,0 (NBTrEe) ool el
b, (RF) bolas 8> Jaw 3 (ADTree)
O e @yl (55l Joe (bl s
BB g 0l )5 oS S ol Ko Jow aS ol
500, L AUC slsejlasl o s g 0040 sloiel!
&b Jow an e o dstins 3blie SIS 53l—w o
5 (RF) Solas J5 > (EBF) abs sloval s
s s S solatul (BRT) ais, iy o3bls o550
54355 40 ol Sl Jow aw 2 aS ol yLis
solaz; g oo sloaole jlo galasl, J o
ol b Jus cds byl b usren anzily Jow
50 A Cod (g0l Cdo 2kl valeld Al Jaw aS ols
o dxino 3blie (gaids gags . bly Ko Jowe
Bl o) Sl ot sl oo o e 5 (6N sl
SUl g o8 il cd i L(Y- VY e 4
p3Y DMl 5l sy (15 (6 s Ol e
RUINEIW PR V- St E ST R FRUPRURT S KV p- Jo
@rdae 3,5 L b sla s e iy
o 0«.\_&\&@‘}.’0 L:ISA le.:zoolo Lsd.l_wjd.s FELY
4 S ol slodidl gand 4 e plxil
Gblie o a5 w05l (oo Jow aloz 5| (gl sloonusy
Copde cwlie o Sal, 51 15 a0l gl calixe

&

dmoddo

o &5 (b SO (S SeS sl o
Se ol Jow ol o 00 (6L slo 0 L
Syl 595 ol ) o (S35 sl Sy g
Wl 5 pleislo sl e jsba 5 oy 5 Ols!
slocslo; alel; glacslo 5 (55,08 ousj
O—mmslio) Wl oo o s ool g lo s s 00—
1Y+ dgam 4535 Gla Jlw ;0 (Y10 o, 4
5 b sl 1 als 7 )b sa¥lw gla Ll
b gl bz e B o 48 s e Golg> sl
sloas,e o ‘SCbLj Oiogs (6990L .l 00l Juws 3l
ok ORI ey Hsolnt )5 ]
ailate 5 o sl glacdls 5L g dgis L6 ,é
OhlSen 5 Blpo) wms g0 (BN Jouw 590 o>
P PSON PRI IRVRVER SRR IV, 28 3
(VN e g paie) ol lusl gV ginn 2
stz ol g Culoizmny s Joww laz; 01,8
S LYV VA e g Gl o) w5l i & QT 40
(555 sl ol Jls b0 55 T (i 95
Eyoge & Cowlas 2L (Hdlon slaasel> o
alide slaJae 5l oslitul 5 ool Joas (ot e
Sabrgt Jlas axis bl S i sln
o5 50 Ll odd gy (Al | K dagh
sleslawl b (V) (hSen 5 J (292 g0, 50
Kz 5 0080985 (S 5 ) S3kly <350 slae
s Sl a2 Sl (i 4 (Sola
lna_ti Lolse Coan! o uloms 5| g izl
Je g el w@ildog, 3l alold ¢ fw conlus
ok ol b Shg cn fete | () - (098,
Joe bl cganail 5 s3bly sbagsNl Gl



VF+¥ laal YA by go,lowd F (50 lows F'F (50590

ool Sgasme S 4y s s 3blie (o 5lw o
=55 sdae 2L egn cnl p3 ol oo
2 ogde 39 oo Al 4BdS glaslas ) ol uly
b sl dale oS5t gojlwl s o)
bl 2 e gontigy a8 oS 9 e oy
gl ol Gsls sz S0 5l oS 5 sladas
S @B 3ble wilyi co oS 5 la Jow ol
S Gy (855 Jems Sl S5 51, e
Sleladl g2 5 s e iy o ol ol &S

3,08 ol Sl (gl 550

gy 9 Olgo

YFO B8 laties b ol ) slial 5 45,8 5]
aly ol oy s FYO 1 FAC LY YYO Ly
035 S AFF imgsy sdibate Corlus el o
Dl JIYEYY L OA: godgame 4o gasds , a5 5l g
los 5y e O8O VL syl gojlil el
GolS 3 Sz i el VYV C L -4y diilats
SIYBIYA a5 ol g (655t cilaio (gloiyos
O olidipe Sl Sl ams o JSi5 ], adlase
$0,99) );)..155 5w as by o cadlaine 3l g Lo
9 o Lo slice b o Jo—w Smnia] ool (o)l
(olso 5 ) 08 @od Jes & lagdl ched ,alls
48D Jobo ol oo adlaie 10 S 98 50018
il e yroshS VYA 0 oo, r cailaie LiSa5
595 g2 5 ol ol L ) aslllas 550 sailats
Slp s wcatiangS oridl Lol 0 Jlaa ol i
Sodgaze 3,10 )l 3 0dguzme sadsS Loz jo 33
IS8 5 e 350l 5 (i il L& 5 o oo 2
ol 00 00l Lt ) o les

v &
U’/'V{’(ﬂ(ﬂ’}
. ®

Gl oasay ol ooz 5l 6 X iy (gl oo
ysul o Jew (swiin (Y1 o) Sen 5 Gl o)
098 B S & (S8 5Ol s bl (e
g el Hlads i wol Glad sl ledlbl ¢ Ll
odnlive jodedy drgi Jlo ;3 (sloygiS )0 Al ()l
J SORIRARESSN COVN BN O I E S Ve B
Slanusgi sloasly Lol sloaile 51 (S ool sla il g
& 5955 ke oy alnln e sleda,
Gblie (saldi sagd ol 4 250l ol jo e
ol oy Folel g asie (K8 F00 s v St
Oliw ) Gl (5455 psul jo O (D (50,5 e
aS 039 josul Cnl S e Slaal i ot 5l (S0
S S 0lng Glocodew Slad ) ga it w4 b
ol lapladl alonl g 65 a0l p il o0 (55942
Sty 5 o gl s 286 5 68—t 2
sz b o JB o el e pas ol 5 cwlie
9 Slre) o)l ol & Coenl (2l g (gl
Sy g ,a0b g Lapladl gae ¥ (Y- VY o Koo
Jo slalas als g 5355 les slag b 612!
el s 358 plolasiul g cod )b gloatds gans
GOS (ad o5 Laalil (nl (sans slaby alex |
5 soSesls slaue (65 4 el 15 o 3bolie
9 Ot 5o lalds ol gas .l ‘SH..»LA LS)-.SQL.’.
Lol szl @ygpe g cal g3V psdiols bl o)l
Galga a5 (g lad y S 5 o )l a4z g5
e 59,08 Coedl Ly gl oo Sl
Con j el Ol Gl 5l e ool e
b $5UsS sla e p Ol pl Blitee L& 5o Ju
S 5 Lol ] ool il (gla e 5 olizad
Sl 095 glSenls 5 (gBlo (6 T ok Lo o



U’/’y'.{,ru’ f&}?

el ) w588 35 550l 4 Joww diane $blo (S (it iy

@ Validation Flood

@ Training Flood
§5 Basin Border
DEM

Value
4 mm 3627

9°100"N  9°200"N  9°300"N  9°40'0"N

=580

Z 40°50'0"F 41°00°E 41°100°E 41°200"F 41°30°0"E 41°400°E 41°500"F  42°0'0"E  42°10'0"E z
T 1 1 1 1 1 1 1 1 1
=4 c
- =
g ‘
=% =
& (2
- 2
7 .
c £
= s
w <
& 7
(o2
£
5 =
=]
5
&

il 1 20 40

L

9210°0"N  9°20°0"N  9°30'0"N

Kilameters

40°50'0°F  41°0'0'T  41°100"F 41°200°T 41°300'T 41°400'T 41°500°T  42°0°0°F  42°10'0T

.‘_,u.bg}i )° Ou\&‘sw)){ ‘sm -\ JS»:)
-Figure 1- The Scope of the Study area in the Current Research
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Figure 2- Flow Diagram of Current Research.
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Table 1- The Weight of Classes of Environmental Factors Based on the Weight of Evidence Model.

Enviroment Affect Class w* w C S2(W)  S2(W) WoF
0-4.16 0267  -0.254  0.521 0.027  0.033 2.122

4.16 - 8.55 -0.183  0.071  -0253  0.059  0.020 -0.901

Terrian Ruggness 8.55-14.26 -0.588  0.098  -0.686  0.143  0.017 -1.717
14.26 - 24.86 -0.014  0.001  -0.015 0200  0.016 -0.032

24.86 - 156.08 0.505  -0.006 0511 1.000  0.015 0.507

5.10-9.0 -0.018  0.006 -0.023  0.063  0.020 -0.081

Topography 9.0 -10.32 -0.002  0.001  -0.003  0.040  0.024 -0.012
Wetness Index 10.32 - 11.90 0229  0.064 -0292  0.077  0.019 -0.947
11.90 - 14.35 0.139  -0.017  0.157  0.125  0.017 0.416

14.35-21.15 0.747  -0.042  0.789 0200  0.016 1.697

0-0.132 0 0.241 0 0 0.015 0.000

0.132-0.238 2183 0277  -2460 0500  0.015 -3.427

Drainage Density 0.238 - 0.345 -0.409  0.105  -0.514  0.091  0.018 -1.557
0.345 - 0.480 0967  -0.542 1510  0.028  0.032 6.162

0.480 - 0.819 1.348  -0.241 1.589  0.056  0.020 5.764

<750 0.896  -0.018 0914 0500  0.015 1.273

750-1000 1552 -0.221 1.773  0.063  0.020 6.187

Elevation 1000-1500 0.191  -0.132 0323  0.033  0.027 1.316
1500-2000 0336  0.172  -0.507  0.053  0.021 -1.872

>2000 0 0.187 0 0 0.015 0.000

Agriculture 1.504  -0.128  1.632  0.100  0.018 4.760

Dryfarming 0394  0.164  -0.558  0.063  0.020 -1.946

Forest -0.582 0234  -0816  0.071 0.019 2716

Landuse Orchard 2505  -0.117 2622  0.125  0.017 6.960
Range 0.189  -0.061 0250  0.056  0.020 0.908

Residental 0.801  -0.008  0.809 1.000  0.015 0.803

Water 0 0.000 0 0 0.015 0.000

0-50 2.834  -0.948 3782  0.024  0.040 14.973

50-100 1.715  -0.180  1.895  0.077  0.019 6.134

Distance form River 100-200 0492  -0.044 0537  0.143  0.017 1.343
200-500 -1.810  0.171  -1.981  0.500  0.015 -2.760

>500 3,129 1115 -4244 0500  0.015 -5.911

0-5 0.564  -0.300  0.864  0.033  0.027 3.515

5-10 -0.524  0.113  -0.636 0.111  0.017 -1.776

Slope 10-15 -0.266  0.048  -0314 0.111  0.017 -0.878
15-20 0.038  -0.006  0.044 0111  0.017 0.122

>20 -0.360 0079 -0.439  0.100  0.018 -1.280

Badland 0 0.012 0 0 0.015 0.000

Soil Type Entisol -0.724  0.110  -0.834  0.167  0.016 -1.950
Inceptisol 0.146  -0.337  0.483  0.020  0.059 1.722

Vertisol 0.034  -0.007  0.041 0.091  0.018 0.124

0.000016 - 0.264 0392  -0.320  0.712  0.028  0.032 2.907

0.264 - 0.708 -0.419  0.073  -0.492  0.125  0.017 -1.306

Stream Power 0.708 - 1.125 -0.015 0.004 -0.018 0.077  0.019 -0.059
1.125 - 1.508 -0.729  0.091  -0.820 0200  0.016 -1.763

1.508- 3.543 -0331  0.032  -0.363 0200  0.016 -0.781

0.909 - 0.992 0489  -0.106  0.595  0.067  0.019 2.029

0.992 - 1.057 0236  -0.111 0347  0.042  0.023 1.362

Sediment Transfer 1.057-1.116 0.046  -0.019  0.065  0.050  0.021 0.242
1.116 - 1.183 -1.092  0.174  -1266 0200  0.016 2722

1.183 - 1.459 0479  0.029 -0.509 0333  0.016 -0.861

(-83.22) - (-3.83) 0386  -0.010 0396 0500  0.015 0.551

(-3.83) - (-0.85) -0.074  0.015  -0.089  0.091 0.018 -0.270

Topography Position (-0.85) - (0.83) 0.055  -0.092  0.147  0.023  0.042 0.575
(0.83) - (2.85) 0256  0.040 -0296 0.125  0.017 -0.787

(2.85) - (82.66) 0.082  -0.004 0.086 0333  0.016 0.145
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Figure 4- Flood Potential Map Based on Random Forest Model, Weight of Evidence and Combination of two Models.
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Figure 5- Flood Potential Classification Map Using the Combined Random Forest Model and Weight of Evidence.
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Table 2- The Area of Flood Potential Classes.

Number Area(/)

Area (ha) Flood Potential

1 60.24 567.226 Very low
2 19.25 181.308 low
3 11.74 110.645 Average
4 6.88 64.844 High
5 1.87 17.656 Very Hig
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Table 3- Evaluation Results of Models in the Training and Validation Section.

AUC
Models Model Accuracy Validation Training
Random Forest Exclent 0.904 1
Weight of Evidence Very Good 0.886 0.966
Combination RF/WoF Exclent 0.978 1
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Figure 5- The Degree of Participation of Environmental Factors in the Occurrence of Floods.

ezl 5l Gise o 30 Wl ge (0 5 &0 g plo Jols
ol @bl g3 plowl e od b garis luly
Gody 5 (25 o1y Jele a5 ols (Lis g
3 ke b Jole [ o )lo |y Coenl (s yitin o
sl las e (goasay slas j0 (g )ls Sre el
ot o0y 6 )5 egaily canl pl 5l alolé gL ol
5 Gl &8 lie 3 (guils Sy Zogby 2Ll
A dz g i Gl el e (gadlaie o (gonuy
Sl st Sorenl sojlasl a5 Cul (55950 S5
sals Dglite S0 glaihate 4 aibhie S jI laie
So e slaele Comal anco gl (onlply 0
5,5 oolit_ul 50 lilaie gly s oo |, Ailate
Syl g (fe Jo o e 550l g, 00! )
Coedl ulwly b adhic o oo Lo fole
@S elol 090 plonl dilate Gloa (arore sla Jole
Joe cdo oA+ F Bolay K> Jow 8o jiagh o)
059 stolar K> Jow cds g < JAAF laoal i (5
samlio bl el Cewsts o [AYA L Jobea laaalss
S 50,50, wh L sla o (i )liel m LS
sl oo ge (6 =3k (e—ile 5 gl esls slaJue
D (6 S e eyl S S0 5 e o Shee
clbie 0,Sdae 55 (V- V) oS g o Gioghy o
S (i s 50 (el (6T 3k slaue
5 45 el 008006 5 (S S
Sladde oS 5 (VN0 o, Sen g (ool ) Lo iags
ookl v cod)b Sl syt sl g9lSesls
oo 5 (ble 650l GloJae oS 5 Lol oa i
Ol g !y il s _doslatul yieS (gglSesls
ety (5lows )l mmll g 0 () 2 3280 9 Geos E5590
5 a2 eloolSi s LIS <5l ol wilss o S o]
B oD e Co e 5 (59,5 5l )S (—Eg%

Ogl 03 p

G Ao 9 Sy

L o o e 5o s iy o] o
ALdS b o rolas; Sl ConBge ool
laslas ) Sl Sledbl 4 sls L gl . ol
29955 Jew siladoe 4 SLLS SeS Wil oo o
T oty o Sl 53,25 g (oole sat ol
e o Jole ;50 cow o slaolas ) a5 ol
Slaz, 28y wledlbl 5l solaiwl sl oo dsoy alisee
g oo Bl 5 (Pl slaolas ) (lyieds oS fow
St 1y Sl 4 giluoe gl pad FShep oSl
Cadl 4 5.5 (Yo VA) o] )8 o2 g (6 peS ol 005 0
ooliiasl los S oyl Lo gloslas, Mo Copndge
b wlgy g0 38 Jow loolas ) Sl Condge
Gy e300 ol amd Gt |y Lo Ll 5 350
30 0010 3505 L o)lgan aS de gy > 0 slo g a5
ool dhe cilazlye Jow 035 e sl iagh

3 Geg sadhie Solas 6 )l @l pulul
Joo S8yl 30 5 Jlod S e (of g Glais
€5 9 SR &5 ot izren i (nl g ol
osgaze ! auils (g iinn Comlus oLS iy
o <)l et jloslitul b g 009 (lasd Sty
Slopiy oralr slaaaliy 3T 51 S o (6l a5 oo
Soael Cawody o ol )b gaiis oS Sl lols
Hly slaosls jleslaiwl b g ol jo (g5le Joe
(o0 P lel) Jow ooz ) (gou_doanlin 4
32 Ol 5009 ol BB ()] @l b b))
2l slapladl oy 54 Ghagsy sesul Jew o oo
Oz 005k laan (gl Glojle caly)
P b skl g baileog, jo 15 e slaojlezs
5N ke slopladl g (o, 5 el s 5o
S8 w2 4 53l 5l T ok ey 61 e
(lalsog, mdlas il 9,5 Weigld daailsog,



U’/';/'.{,Tu’fjﬁj

Arnal L, Ramos MH, Coughlan de Perez E,
Louise Cloke H, Stephens E, Wetterhall
F, Jan van Andel S, Pappenberger F. 2016.
Willingness-to-pay for a probabilistic flood
forecast: A risk-based decision-making
game. Hydrology and Earth System Sci-
ences, 20(8): 3109-3128.

Corsini A, Cervi F, Ronchetti F. 2009. Weight
of evidence and artificial neural networks
for potential groundwater spring map-
ping: an application to the Mt. Modino area
(Northern Apennines, Italy). Geomorphol-
ogy, 111(1-2): 79-87.

Darabi H, Rahmati O, Naghibi SA, Moham-
madi F, Ahmadisharaf E, Kalantari Z, Torabi
Haghighi A, Soleimanpour SM, Tiefenbach-
er JP, Tien Bui D. 2022. Development of a
novel hybrid multi-boosting neural network
model for spatial prediction of urban flood.
Geocarto International, 37(19): 5716-5741.

Dehghanian N, Mousavi Nadoushani SS, Sa-
ghafian B, Rayati Damavandi M. 2020.
Evaluation of coupled ANN-GA model to
prioritize flood source areas in ungauged
watersheds. Hydrology Research, 51(3):
423-442.

Deng S, Liu S, Mo X. 2020. Assessment
of Three Common Methods for Estimat-
ing Terrestrial Water Storage Change with
Three Reanalysis Datasets. Journal of Cli-
mate, 33(2): 11-525.

Donyaii A, Sarraf A. P, Mardanifar M. 2020.
Evaluation of Crisis Resolution Strategies
for Groundwater Revival Plan Using Fuzzy
Best — Worst Muti Criteria Decision Model.
Journal of Hydraulic Structures. 6 (3): 21-
44.

Donyaii A, Sarraf AP, Ahmadi H. 2021. Opti-
mization of reservoir dam operation using
gray wolf, crow search and whale algo-
rithms based on the solution of the nonlin-
ear programming model. JWSS-Isfahan

ol (ylinel (585 3u8ul 45w sianns (3blie (SKe S sy

University of Technology. 24(4):

159-175.

Donyaii A, Sarraf A. P, Ahmadi H. 2021.
Multi-Objective Optimal Utilization Policy
of Boostan Dam Reservoir Using Whale and
NSGA-II Algorithms Based on Game The-
ory and Shannon Entropy Method. Iranian
Water Researches Journal. 14(4):

99-111.

Felicisimo A, Cuartero A, Remondo J, Quirds
E. 2013. Mapping landslide susceptibility
with logistic regression, multiple adaptive
regression splines, classification and regres-
sion tress, and maximum entropy methods:
A comparative study. Landslides, 10,(11):
175-189.

Kazemi R, Porhemmat J. 2021. An Analysis
of the factors Affecting Flooding Severity
in Iran. Watershed Management Research
Journal, 34(1): 59-73.

Lee S, Kim JC, Jung HS, Lee MJ, Lee S. 2017.
Spatial prediction of flood susceptibility us-
ing random-forest and

boosted-tree models in Seoul metropolitan
city, Korea.Geomatics, Natural Hazards and
Risk, pp. 1-19.

Mirzaee N, Sarraf A. P. 2022. Application of
data fusion models in river flow simulation
using signals of large-scale climate, case
study: Jiroft Dam Basin, Watershed Engi-
neering and Management. 13(4): 672-689.

Moghaddam DD, Pourghasemi HR, Rahmati
0. 2019. Assessment of the Contribution of
Geo-environmental Factors to Flood Inun-
dation in a Semi-arid Region of SW Iran:
Comparison of Different Advanced Model-
ing Approaches. In Natural Hazards GIS-
Based Spatial Modeling Using Data Mining
Techniques. Springer, Cham, pp. 59-78.

Poudyal CP, Chang C, Oh HIJ, lee S. 2010.
Landslide susceptibility maps comparing
frequency ratio and artificial neural net-
works: a case study from the Nepal Hima-

&



VF+¥ laal YA by go,lowd F (50 lows F'F (50590

laya. Environmental Earth Sciences, 61(5):
1049-1064.

Porhemmat J. 2016. A model on investigation
on flood hazard over watersheds of Iran. Ira-
nian Journal of Watershed Management and
Science, 10(34): 1-15.

Pradhan B, Neamah Jebur M, Zulhaidi Mohd
Shafri H, Shafapour Tehrany M. 2015. Data
fusion technique using wavelet transform
and Taguchi methods for automatic land-
slide detection from airborne laser scanning
data and quickbird satellite imagery, IEEE
Transactions on Geoscience and remote
sensing. 54(3): 1610-1622.

Rahmati O, Tahmasebipour N, Pourghasemi
HR. 2015. Sub-watershed flooding prioriti-
zation using morphometric and correlation
analysis (Case study: Golestan Watershed).
Iranian journal of Ecohydrology, 2(2): 151-
161.

Rahmati O, Pourghasemi HR. 2017. Identifi-
cation of critical flood prone areas in data-
scarce and ungauged regions: A comparison
of three data mining models. Water Re-
sources Management, 31(5): 1473-1487.

Sampson CC, Smith AM, Bates PD, Neal JC,
Alfieri L, Freer JE. 2015. A high-resolution
global flood hazard model. Water Resource
Research, 51(9): 358-7381.

Sarraf A. P, Mohagheghzadeh G, Moha-
gheghzadeh N. 2017. Flood Hydraulic Mod-
eling and its Deliniation Using Orthophoto
Pictures in Shapourkhesht River located in
Kazeroun City. Geographic Space, 17(57):
175-194.

Satarzadeh E, Sarraf A. P, Hajikandi H, Sade-

U’/'/TU’ f&}}

ghian MS. 2022. Flood hazard mapping in
western Iran: assessment of deep learning
vis & vis machine learning models. Natural
Hazard, 111(2): 1355-1373.

Shafapour Tehrany M, Kumar L, Neamah Je-
bur M, Shabani F. 2019. Evaluating the ap-
plication of the statistical index method in
flood susceptibility mapping and its com-
parison with frequency ratio and logistic re-
gression methods. Geomatics, Natural Haz-
ards and Risk, 10(1): 79-101.

Siahkamari S, Haghizadeh A, Zeinivand H,
Tahmasebipour N, Rahmati O. 2018. Spa-
tial prediction of flood susceptible areas us-
ing frequency ratio and maximum entropy
models.Geocarto International,33(9): 927-
941.

Soleimanipour M, Sarraf A. P. 2020. Evalu-
ating the effects of climate change on Lar
Basin Water Resources Using SWAT Model
and comparing its results with Bayesian
Networks and Hybrid Intelligent Models.
Natural Geography 13 (50): 61-79. (In Per-
sian).

Zamanirad M, Sedghi H, Sarraf A. P, Saremi
A, Rezaee P. 2018. Potential Impacts of Cli-
mate change on groundwater levels on the
Kerdi-Shirazi plain, Iran. Environmental
Earth Sciences. 77(11): 1-10.

Zamanirad M, Sarraf A. P, Sedghi H, Saremi
A, Rezaee P. 2019. Modeling the influ-
ence of Groundwater Exploitation on Land
Subsidence Susceptibility Using Machine
Learning Algorithms. Natural Resources
Research, 29 (1): 127-1141.



sl
Watershed Management Research Q,‘,ﬁi}

Fars Agricultural and Natural Resources Agricultural Research, Education
Research and Education Center ISSN: 2981-2038 and Extension Organization

Spatial Prediction of Flood Susceptable Areas in Karkheh
Watershed of Lorestan Province Using the Combined Random
Forest — Weight of Evidence Model

Eslam Satarzadeh', Amirpouya Sarraf >, Houman Hajikandi®, Mohammadsadegh Sadeghian*

1- Ph.D. Student, Department of Civil Engineering, Central Tehran Branch, Islamic Azad University, Tehran, Iran
2- Assistant Professor, Department of Civil Engineering, Roudehen Branch, Islamic Azad University, Roudehen, Iran
3 and 4- Assistant Professor, Department of Civil Engineering, Central Tehran Branch, Islamic Azad University, Tehran, Iran

ﬁxtended Abétraclt

Introduction and goal

The phenomenon of flood is one of the frequent hazards that have caused financial losses and many
lives in Iran in the last decade. One of the three main natural hazards of Iran is the occurrence of floods,
and it is safe to say that a large flood occurs at least once a year in some part of this country. Floods
are considered as a great threat to human life by damaging or killing people and animals, especially
buildings and houses, agricultural land and crop production, urban infrastructure, bridges and roads.
Floods in Iran cause a lot of damage from an economic point of view; it causes destruction of the
environment, natural and residential resources and loss of life. In the past years, about 70% of the
annual credits of the plan to reduce the effects of natural disasters and the headquarters of unexpected
events have been used to compensate for the damages caused by floods. In this research, by using flood
location data and using machine learning models and random forest data mining and the weight of
evidence and their combination, the spatial prediction of flood prone areas has been discussed.
Materials and methods

In this research, combined models and 11 predicting variables of flood probability in Karkheh
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watershed located in Lorestan province have been used. These variables include maps of
geomorphometric indicators, including topographic humidity index, relative slope position and
topographic position index, hydrological maps including: drainage density and distance from the
drainage network, for this purpose, first, data mining models for the initial analysis of the relationships
between environmental variables and events Past risks are used and their results are used as input
data for machine learning models. Flood data were randomly divided into two groups: training (70%)
and validation (30%). Prediction accuracy was evaluated using operating characteristic curve (ROC)
method.

Results and discussion

According to the results of the random forest model, the accuracy was 0.904, the weight of evidence
was 0.886, and the combined model of random forest - the weight of evidence was 0.978. Based on
the combined model of random forest and the weight of evidence as the superior model, 20.49% of the
surface has medium upward potential. Based on the random forest model, drainage density, distance
from waterways, height and land use were the most important factors affecting flood potential.
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