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Figure 1. Location of the study area
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Table 1. Lithological classes present in the study area
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use, f) lithology, g) plan curvature, h) profile curvature, 1) Slope, j) soil, k) stream power index, I) rainfall


https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.4.3
https://drnl.sanru.ac.ir/article-1-141-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27174425.1399.1.1.4.3 ]

Ve ooyl Jlasl a8 4 > Gdle 5150k ol 2L 2Lj))
00000 TI0000 30000 0000 TO0000 TI0000 0000 G000 |
9
= g
- o
T -
& 2
=3 (-]
= 2
R @
o o
5 &
Plan Curvature Profile Curvature
8 Curvalure @2 Curvature
@2 Flat @€ Flat
2 ®% Convex s o€ Convex
2] *» Flood 0 5 10 20 Km S1 ® Flood 0 5 10 20 Km
2 + Non-flood e ¢+ Non-flood
300000 320000 340000 360000 300000 320000 340000 360000
JUUUIUU JL“U‘UU J‘“.“’IUU JVUU.UV m 32m 3m
g g J
=y 4
-+ o
£ %
i L]
=3
: Slvope (precent) =1
21 205 E
gl coss “ 1Soil
6% 812 ) Rock Outcrops/Entisols
8% 12:20 ®€ Rock Outcrops/Inceptisols
o€ 20-30 2 % Aridisols
o6 >30 £ 100 Tnceptisols
e. Floed 10 Z| @ Flood 0 5 10  20Km
¥ {Non-flded L5 44 4 4 6 i ¢+ Non-flood Lo o1l
300000 320000 340000 360000 300000 320000 340000 360000
300000 320000 30000 360000 . 320000 340000 360000
|k 1
I =4
° o
3 >
4 A
= =)
=3
2 4
9 &
| sp1 © | Anual Rainfall (mm)
Iligh : 5869 igh:3
(] igh : 586989 [ High : 350
| |
Low : -538307 & Low : 250
g g
<24 O‘
§ ® Flood 0 5 10 20 Km = | = Flood 0 5 10 20 Km
“| 4 Non-flood Ll 1 ™| ¢ Non-flood [ |
300000 320000 340000 360000 300000 320000 340000 360000

S (e oly]l ()5 (B ciS; 11,5 (d i 5l aliold (C ccga (0 gl (B2 o ool 1 g0 Jolge adids =Y IS ol
Continued Figure 2. Factors affecting flood susceptibility: a) altitude, b aspect, c) distance from river, d) draina%t)e

density, e) land use, f) lithology, g) plan curvature, h) p_roffihe curvature, i) Slope, j) soil, k) stream power index
rainfa

L ool s sl ol dlpiuiy (Soley JSis g,
oo N 8,5 s 0 b csy jl glacgemme I odlits!
(Y,X),i=1,...,n (v)
P8 Gl preal CE50 i Sl (S5 gy o

5 35l S i osly 1 oyl gy diged i o il
sy ool Bolai o 4 ci g cile p
& oyl Do by jl eolatwl b a8 o o8 W (93959

i Sl Al g cmaile (5531 (s
(RF) (Bolai JSia Jse

wl cé 0 slagy) jl o)de g5 S (olal K>
S90S 5 9 SIS lacs > | (sl Jold & ol
Sy canlio S pal) LU sla 3y, 5 (S piomen 20L o
sl G4 gy S g dlwew (slodly (gilw Jde
Ay e ol YU Slleg jbg) opl oMSis ol
gl p bl il g Sllogs cpl Lials jolate 4y .l



https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.4.3
https://drnl.sanru.ac.ir/article-1-141-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27174425.1399.1.1.4.3 ]

Yo

o sl Sl @By ol b ol &) 3> (miie
Jio Cumwlus sty lis ROC v S (0 oy
Gy a4 &S Ll claasly b b sl dopy 4 cud
s woypn bl ;0 Wi Guiin i lawy
bl polie cul cand JS ) Cond 003 (g JlLL
2 e g Cute Slialide y puone pled 4 Cuws |y Jo
b Cawlus (VFA) S o gl ouiw)lael dgel
(L bcuio) Canyd i b dlaws 0aiS ol
(oS 1 -Specificity M) Y S a8 b )5 !
) Colue jd ol OO glacue oS dae odimd lis
Er 9 X oy (1-Specificity) Qo coto &y ¢ g
d9b 0 03 Liles Y jeme 40 (SeNSitiVity) Ldds cote

( dal))
X =1— Specificity =1— [TNTJIrVFP] )
Y = Sensitivity = TPT_NFN] ()

(VIF) b )86 oy (ascod (o0 (19,

ol 4 & cwl sy (Collinearity) les oo
Explanatory ) Loy e S a8 a5k o undy
(Multiple Regression) «lEus e )5, ;o (Variable
Sosb a4 cwl lad daly s o e v L SO L
P rysie )05 5l (dad S5 Gygo 4 ) ol Gl &
5 odlaiwl 3y50 (gloygiS o Jasten oS Jloj .8 S s
Mg pize Juols Jdo Colpd bl aidly 409 Jdo S
b e gy hes Lo I SG Sl ;
Jae 30 )50 sleysie 31 Jels (Response Variable)
oSy alpd s yS3pgly ibsly cplply s 3
Gl b i g oSy Jos 5 5 4l (i
&9y Syl Eps b i L'),{l LYY J@]? a‘,u:a ©db;
(V) 55 xales s
l.b)ysté bw” “’Mm ]

$oo Spiie Cuodl s sl A slagi oS
(i) o 2oy 31 Ba nl 3 )3 S99 0y S
Caodl usi gy R G58le s > Biomod2 =55
Jhxe s ol ysNl cpl 0 ol oud oolail by gS
Coad o) puiiio 4y &S Canwl el (6350501 sy
2 lp able b 4 b WS plad (59) 5 29500 22
Jsl ¥ olg ggemme jl cusjlis g ol (oB590] asgome
Al 0 daly IS5 4 o5 G Gloie LN don
D g0
Gini = 1-Y;p? (&)

P S sloyiio o aben U1 Jols @l

odal Cawsds CJL, wL»I » Ll ol old ol ¥ Jade
d‘)b [ W) gb':.;‘_‘al J—Q-»-wﬁ LSL"’)?'C‘"" « »)fuc odalis
it VY ol il (0 5] 55a8) b s en

WA il g ke /Y oyless /gl Sl / i (8] sls g s 550

H @b N aladges (a5pe Voo Jlto Gloie a) sk ol
L oolyon (gyby diges cadel slialin (glaosly acgeme
Sy 29 (65 Wigad Sl B (b3 Ngde oISl
Nl g Sl 4 g Sgdo (S aigel odls jl pgu
e 9 oo Sl ysie e (Sl bodls ol ) ds
Ligd o &i8)S a5 > (24 o odlatwl as (. ylb )4l
0303 (S C850 Sy sl Gy digel 12 (59) 2 e
plod o il adls o 3 ca g cdle aul B by ed o
s Sy, yeite M (5ol g0 &y Sl pite M
MM Cons (Gomo)S) b (gl g oo Gl b
M= VM | iy ety awdS gl g ol pos S Ll
ol 00 dlgidiy
Lsyre CA 0 &y Cund sodly i plod el
@ (2ep S @99 b lp sy Bl 4 g ol
Sl 295 s ol S oSle bl e cud
e b 2gp (225 @ig oB)S B » Ly J
CE 0 by Db oo duwlre Cuslad pic dioly 5 S o
lalie sl &5 o 039 4 Solay K> a5
ey S AL o8 T bosisS iyt 0 b dualie 1
Joe Slaslre imgh cpl 5 (F2) conl 26l)l8 o i
ol yite a5 plool R J13dle 5 lases p> _dslas Si>
09050 b (Gl 435 12 50 S s olaws sima yLis aS) 0,5
GBM Je
lwgy (Gradient Boosting Machine) L GBM
@ osmen Jao ol b (Byme Voo Jlo > ek
(Multiple Additive Regression MART (slapl
GBRT (Gradient Boosted Regression 5 Trees)
Oley <SG o 1y sy e opl e e aidlis 5 Trees)
slaled susal 4 Lis Co gy ja &S gsb 4 Ol o
L o550 (ol S o S8 (LB el (S50 4 bogaye
2 sl & 2950 BT GSmaal S5 Sy Gijsel
o P98 oma ol b Py 0s So halis S
il ganail o 1) Shalie (jg (Jsl <55 (abj)
Salia & 1) a8 (s 5 medie ORI 1) unl S
pgd iy cplply wcwl peol) Wl ganaib oS pad o
Caol opl 8 cpl 5l Bum A8 o Ay (Sjg sboodly oyl y
s g S See 1) Jol S8 Gy &
e cip0 S5 908 b |y pod e85 gandib
Ol e oo odlol o Mol slasslojlb i sy
B)SS Sl pasutie Sl gl 29800 SIS ) )
Aoy 4 & Slolie canaib p cam gbesy
S o oS Lo 4y Wlodts (guaide g3 4 (LB G5
(V)
ROC  soio b Jao (22U,
b sy (ROC) (s >Skes st jiwie
oy Jel g bl pllis cuis Jhls ¢l
Sl pias (2Ll oy dlwy @ 1) pluse b


https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.4.3
https://drnl.sanru.ac.ir/article-1-141-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27174425.1399.1.1.4.3 ]

\rg

4 0l aslllas 590 ddlais

i slad Jlaasl aid ags 3 (dle 6500 e 2L 25

) J.:w WMLAD d)L»J.AA u.@? 04w d‘l.wl.w: Ln.m.m

St slopite > A s o Ul gl -V Jou>

Table 1. Results of multi-collinearity analysis in independent variables
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Table 3. Flood susceptibility classes of RF and GBM models

GBM RF

Y ¥Y/VO oS
Y8I-A /Y Lawgie
\o/vs VF/AY sL;
VAINY Y223 sbj s

Aisb o ROC jlxo yolwl o </AY 4
ROC jlas bl » Jae b)) J) Job b
By gl eolitwl 3)50 (sl Jho aS” Cowl oyl osimd L
o 4 s 3y Alie ol 5 3
LRF Jao as ol ol b Joe duglis cpined Al oo

ol 2 e 4 Conles Al Sy (o jglaie 4

Receiver Operating Characteristic  jlaie < ying}
5,90 KAPPA 4 True Skill Statistic (TSS) {(ROC)
S ROC oo pj coluw (YY) cd )5 )l)8 oolacl
95 Je o obles @l 51 esliwl b ) el i
W3 e Ui 0dd e e Sl @By £989 pis 5 59
2 odlatwl 3ys0 slaJae Sbj)l 5l Jols mls L(ANY)
ool Cawd 4 b ool ol oais edy L ¥ Jgus


https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.4.3
https://drnl.sanru.ac.ir/article-1-141-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27174425.1399.1.1.4.3 ]

YA o los Jlois | 4l as o opdle (650 oo Jao 2L L))

Gilie (gl jasls 5l oslizwl L GBM g RF Juo b, =¥ Jgas
Table 4. Evaluation RF and GBM models with different criteria

Jse GBM RF
oasls Testing. data Sensitivity Specificity Testing. data Sensitivity Specificity
ROC AN £0/Y00 YN YAY <JAY¥ £YIY 00 YAAAY
TSS IE¥Y A YN YAY <JEVY £YIY 00 YAAAY
KAPPA Niard AT YN YAY JYY¥ £YIY 00 YAAAY

9 Bl oo il (655 o 4 s Sk Clus £l
aeb b clib @ by clib o Juw cowlus @Sl
&5 2 ol ) ol ol s ol oS (28] sl
Gl & s bplSe ol ) s 585 5 oLk o
5 Gomd Slallas Jod o) ol > (L3 Slllles
DRIl oS0l (V) hlSen 5 (gle 5 (V) ollSen
oMo good Mdloo Cawd Gl (3ble )3 (625 Jow
2P SHp oM g W o &) ub olely)]l ;o bias
ol ol &t b il o [ 381 o 6l 1 ol
w2 45 105 asuie dallas dikie ) s Cawlus ]
S ol (K05 5 waileog, (So355 50 e @i 9 o
Gblie cnl 3 oo g9 9 2> )8 sl ppS gl
iolia (1) 5 (10) 5 3k lS o &, Mo 215
oS Wl bl gblie cils 1) Jow 4 olus (g i S
ol asB2gy 4 S50 5 g pdaue Colus s JBlus
S 5 A

4»‘9 9 lbCumas wre oy I (So S e
LGk Sl 09 Cgumme il (ply > 5]
S5 dew 4 olas bl g oo g pS Jow (sladlate
Lol §h b ehlud @b ool 5l cuple 5 ol )
S S Fly o ol sl Gas b gals
Jolge szl ozl ol & Jyws £33 2 Fgo sl e
ol et i & aitn Gl 5 Jome i
S5 RF 5 GBM cla Jus | oslizl b Juw 4 Lpolus
ool luus 4l YVO 5 lasme yuito VY 5 elite oy
oS ol s 1S e blie sl ol gl 3,3
S5 1S5 g g5l lsdg) I alold ¢ Sl (sl pusie
Jolbs @S oz o2 ) (Glo e 13 (g5 ke Caenl
& Cound d)SYL. u.g.l)lf RF J.\n aS by uL-v) d)'L»J..\A )'l
Gl Jow Jlad o i 4l elel p )l GBM Jus
oals canr wle ople Slelidl ol e ol
S5 @ ob pbul e iU ol 5 lolus
seie 4 ol Sledbl gl 5 (g5lSely S
2 SbyeaS  logaste (Jow dhatnl g Jeaily (o)
sodly 5 cledbl 4 wpwd &S Ay b
wlye Codgie g ke b (SSDl g (Sjdgie e

LBl Lde Wlgh o i

Jlo 4 caws RF s ol conts @l wloly

adbie )0 Jow Camlus s e 25 GBM
Uly Jds & Wl o RF iy 5,Sles )y adlllas 39
pleal Ll 5 Sh slaodh oL (gilw i jo
Ozed MSb ale pesd (o SL) 635y e yeie
Slodgwy doet cpl 4 4 W, dgzg (0L Hlows Cldllas
Wl a5 ) (6L ol 2y (Solad JSix Jae oS
Jols ldllas (ol dlos 51 a8 o)l o & (ol 3ble
ole YU Lubyly 5l ol s JKs sl e (YR)
Slply s ol Ky s wisS o odlital (60,8 LS
ool 2 RE g (Y1) 2pdie oS 3 Cugae
» 09)49 ..\;5‘5‘0 u»w I) 4L>9g).a 4.0.».]0 c;l)i sy U’)‘“““’
On bt e alblsy)l 5 oMl L Wiy o RF oy
2 corzpen (VF) 2led gl 9 @lolid |y Sge Jelge
o) Lo (gl Sladine > il Sl
O s & Camles 5 e @l Jeily adds
GilwJe o o oUlg RF Jas & cunl oids asine
Slalold ( Sl oyl )l &8 oy lis o e gls

9 Jewilt 5 U (iS5 0515 g el il
P gl 68,84 5 ash Bl (K85 e el
Lo oo Joily b)) Gl oolital 3)50 (sla e
ooboly 3y Sledaa (Y4) 5 (FY) claadl b &5 b o
I alol el 3 & WS pasute odal oy @l
Soiw anlpl Soop bl Juw 4 Cowlus dalyl
2ib oo s Ll oyh calbe (W) mbs b &S col
S5 @blio (65 Jow g8y plin 3blia (s
3y90 adlaio )3 (655 Jewo £589 9 SH)L Om Cul anly
ol b S a4 o)y dgn g (coudiine dlayly ddllas
3 dee a4 poles b 05 5 @S Jew Sl S5k
Ohlan o ol claasl L mls (ul & W8 o lagy il
daly 3529 p e (YY) (hlSer 5 a0yicge, 5 (V)
WSy a8 bl iSaj STy Jole josas j» )b
@ G Sllyy @y 2028 > 4 )1 5 (2S0)
Jolse 5 R (o e Soeles xS e g5
Wil o gyl Jole Baios cpl p> odd ad il IS ,50
ol b aS sl ol ol syl Jole pl wyy


https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.4.3
https://drnl.sanru.ac.ir/article-1-141-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27174425.1399.1.1.4.3 ]

¥ WAR el g o /Y oybed /gl Jlos /s (o) sl 5 55

&bo
1. Arab Ameri, A., H.R. Pourghasemi and K. Shirani. 2017. Zoning of flood sensitivity using a new

ensemble method of Bayesian theory Hierarchical analysis process (Case study: Neka watershed -
Mazandaran province). Eco-Hydrology, 4(2): 447-462.

2. Avand, M., S. Janizadeh. D.T. Bui, V.H. Pham. P.T.T. Ngo and V. Nhu. 2020. A tree-based
intelligence ensemble approach for spatial prediction of potential groundwater. Int. Journal Digital
Earth 0, 1-22. https://doi.org/10.1080/17538947.2020.1718785.

3. Bubeck, P., W.J.W. Botzen and J.C.J.H. Aerts. 2012. A Review of Risk Perceptions and Other Factors
that  Influence  Flood  Mitigation  Behavior.  Risk  Analysis. 32,  1481-1495.
https://doi.org/10.1111/j.1539-6924.2011.01783.x.

4. Bui, D.T., M. Panahi, H. Shahabi, V.P. Singh, A. Shirzadi, K. Chapi and B.B. Ahmad. 2018. Novel
hybrid evolutionary algorithms for spatial prediction of floods. Scientific Reports, 8(1): 1-14.

5. Bui, D.T., B. Pradhan, H. Nampak, Q.T. Bui, Q.A. Tran and Q.P. Nguyen. 2016. Hybrid artificial
intelligence approach based on neural fuzzy inference model and metaheuristic optimization for flood
susceptibilitgy modeling in a high-frequency tropical cyclone area using GIS. Journal of Hydrology,
540: 317-330.

6. Catani, F., D. Lagomarsino, S. Segoni and V. Tofani. 2013. Landslide susceptibility estimation by
random forests technique: sensitivity and scaling issues. Nat. Hazards Earth System Sciences, 13:
2815-2831.

7. Chapi, K., V.P. Singh, A. Shirzadi, H. Shahabi, D.T. Bui, B.T. Pham and K. Khosravi. 2017. A novel
hybrid artificial intelligence approach for flood susceptibility assessment. Environmental modelling &
software, 95: 229-245.

8. Chau, KW., C.L. Wu and Y.S. Li. 2005. Comparison of several flood forecasting models in Yangtze
River. Journal of Hydrologic Engineering, 10: 485-491.

9. Chen, W., Y. Li, W. Xue, H. Shahabi, S. Li, H. Hong and B.B. Ahmad. 2020. Modeling flood
susceptibility using data-driven approaches of naive bayes tree, alternating decision tree and random
forest methods. Science of The Total Environment, 701: 134979.

10.Chen, W., M. Panahi and H.R. Pourghasemi, 2017a. Performance evaluation of GIS-based new
ensemble data mining techniques of adaptive neuro-fuzzy inference system (ANFIS) with genetic
algorithm (GA), differential evolution (DE), and particle swarm optimization (PSO) for landslide
spatial modelling. Catena 157, 310-324. https://doi.org/10.1016/j.catena.2017.05.034.

11.Chen, W., H.R. Pourghasemi, A. Kornejady and N. Zhang. 2017b. Landslide spatial modeling:
introducing new ensembles of ANN, MaxEnt, and SVM machine learning techniques. Geoderma,
305: 314-327.

12. Costache, R., Q.B. Pham, M. Avand, N.T.T. Linh, M. Vojtek, J. Vojtekova, S. Lee, D.N. Khoi, P.T.T.
Nhi and T.D. Dung. 2020. Novel hybrid models between bivariate statistics, artificial neural networks
and boosting algorithms for flood susceptibility assessment. Journal of Environmental Management,
265: 110485.

13.Du, J., J. Fang, W. Xu and P. Shi. 2013. Analysis of dry/wet conditions using the standardized
precipitation index and its potential usefulness for drought/flood monitoring in Hunan Province,
China.  Stochastic  Environmental Research and Risk  Assessment, 27: 377-387.
https://doi.org/10.1007/s00477-012-0589-6.

14.Fernandez, D.S. and M.A. Lutz. 2010. Urban flood hazard zoning in Tucuman Province, Argentina,
using GIS and multicriteria decision analysis. Engineering Geology, 111: 90-98.

15. Francke, T. 2009. Measurement and modelling of water and sediment fluxes in meso-scale dryland
catchments. Unpubl. PhD Thesis, Univ. Potsdam, Potsdam Google Sch.

16. Friedman, J.H. 1991. Estimating functions of mixed ordinal and categorical variables using adaptive
splines.

17.Janizadeh, S., M. Avand, A. Jaafari, T.Van. Phong, M. Bayat, E. Ahmadisharaf, |. Prakash, B.T. Pham
and S. Lee. 2019. Prediction Success of Machine Learning Methods for Flash Flood Susceptibility
Mapping in the Tafresh Watershed, Iran. Sustainability, 11: 5426.

18.Khosravi, K., E. Nohani, E. Maroufinia and H.R. Pourghasemi. 2016. A GIS-based flood
susceptibility assessment and its mapping in Iran: a comparison between frequency ratio and weights-
of-evidence bivariate statistical models with multi-criteria decision-making technique. Natural
Hazards, 83(2): 947-987.

19. Khosravi, K., B.T. Pham, K. Chapi, A. Shirzadi, H. Shahabi, I. Revhaug and D.T. Bui. 2018. A
comparative assessment of decision trees algorithms for flash flood susceptibility modeling at Haraz
watershed, northern Iran. Science of the Total Environment, 627: 744-755.

20. Khosravi, K., H.R. Pourghasemi, K. Chapi and M. Bahri. 2016. Flash flood susceptibility analysis and
its mapping using different bivariate models in Iran: a comparison between Shannon’s entropy,
statistical index and weighting factor models. Environmental Monitoring and Assessment, 188(12):
656. https://doi.org/10.1007/s10661-016-5665-9.



https://doi.org/10.1080/17538947.2020.1718785
https://doi.org/10.1111/j.1539-6924.2011.01783.x
https://doi.org/10.1016/j.catena.2017.05.034
https://doi.org/10.1007/s00477-012-0589-6
https://doi.org/10.1007/s10661-016-5665-9
https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.4.3
https://drnl.sanru.ac.ir/article-1-141-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27174425.1399.1.1.4.3 ]

Y. o los Jlois | 4l as o opdle (650 oo Jao 2L L))

21. Khosravi, K., H. Shahabi, B.T. Pham, J. Adamowski, A. Shirzadi, B. Pradhan and H. Hong. 2019. A
comparative assessment of flood susceptibility modeling using Multi-Criteria Decision-Making
Analysis and Machine Learning Methods. Journal of Hydrology, 573: 311-323.

22.Kia, M.B., S. Pirasteh, B. Pradhan, A.R. Mahmud, W.N.A. Sulaiman, A. Moradi, W. Nor, A.
Sulaiman and A. Moradi. 2012. An artificial neural network model for flood simulation using GIS:
Johor  River  Basin, Malaysia. Environmental  Earth  Sciences, 67:  251-264.
https://doi.org/10.1007/s12665-011-1504-z.

23.Kornejady, A., K. Heidary, M. Sarparast, G. Khosravi and M. Mombeini. 2014. Performance
Assessment of Two “LNRF” and “AHP-Area Density” Models in landslide Susceptibility Zonation.
Journal of Life Science and Biomedicine, 4: 169-176.

24. Kourgialas, N.N. and G.P. Karatzas. 2011. Gestion des inondations et méthode de modélisation sous
SIG pour évaluer les zones d’aléa inondation-une étude de cas. Hydrological Sciences Journal, 56:
212-225. https://doi.org/10.1080/02626667.2011.555836.

25.Lee, S., I. Park and J.K. Choi. 2012. Spatial prediction of ground subsidence susceptibility using an
artificial neural network. Environmental Management, 49: 347-358. https://doi.org/10.1007/s00267-
011-9766-5.

26. Leskens, J.G., M. Brugnach, A.Y. Hoekstra and W. Schuurmans. 2014. Environmental Modelling &
Software Why are decisions in fl ood disaster management so poorly supported by information from fl
ood models ? Environemental Modeling Software, 53: 53-61.
https://doi.org/10.1016/j.envsoft.2013.11.003.

27.Levy, JK., J. Hartmann, K.W. Li, Y. An and A. Asgary. 2007. Multi-Criteria Decision Support
Systems for Flood Hazard Mitigation and Emergency Response in Urban Watersheds 1. JAWRA
Journal of the American Water Resources Association, 43: 346-358.

28. Mukerji, A., C. Chatterjee and N.S. Raghuwanshi. 2009. Flood forecasting using ANN, neuro-fuzzy,
and neuro-GA models. Journal of Hydrologic Engineering, 14(6): 647-652.

29. Naghibi, S.A., K. Ahmadi and A. Daneshi. 2017a. Application of Support Vector Machine, Random
Forest, and Genetic Algorithm Optimized Random Forest Models in Groundwater Potential Mapping.
Water Resources Management, 31: 2761-2775. https://doi.org/10.1007/s11269-017-1660-3.

30. Naghibi, S.A., D.D. Moghaddam, B. Kalantar, B. Pradhan and O. Kisi. 2017b. A comparative
assessment of GIS-based data mining models and a novel ensemble model in groundwater well
potential mapping. Journal of Hydrology, 548: 471-483. https://doi.org/10.1016/j.jhydrol.2017.03.020.

31.Nguyen, P.T., D.H. Ha, M. Avand, A. Jaafari, H.D. Nguyen, N. Al-Ansari and L.S. Ho. 2020. Soft
Computing Ensemble Models Based on Logistic Regression for Groundwater Potential Mapping.
Applied Sciences, 10(7): 2469. https://doi.org/10.3390/app10072469.

32.Nikoo, M.M., F. Ramezani, M. Hadzima-Nyarko, E.K. Nyarko and M.M. Nikoo. 2016. Flood-routing
modeling with neural network optimized by social-based algorithm. Natural hazards, 82: 1-24.
https://doi.org/10.1007/s11069-016-2176-5.

33.0liveira, S., F. Oehler, J. San-Miguel-Ayanz, A. Camia and J.M.C. Pereira. 2012. Modeling spatial
patterns of fire occurrence in Mediterranean Europe using Multiple Regression and Random Forest.
Forest Ecology and Management, 275: 117-129. https://doi.org/10.1016/j.foreco.2012.03.003.

34. Peters, J., B. De Baets, N.E.C. Verhoest, R. Samson, S. Degroeve, P.De. Becker and W. Huybrechts.
2007. Random forests as a tool for ecohydrological distribution modelling. Ecological Modelling,
207: 304-318. https://doi.org/10.1016/j.ecolmodel.2007.05.011.

35.Pham, B.T., M. Avand, S. Janizadeh, T.V. Phong, N. Al-Ansari, L.S. Ho and F. Jafari. 2020. GIS
based hybrid computational approaches for flash flood susceptibility assessment. Water, 12(3): 683.
https://doi.org/10.3390/w12030683.

36.Pham, B.T., A. Jaafari, M. Avand, N.Al-Ansari, T. Dinh Du, H.P.H. Yen, T. Van Phong, D.H.
Nguyen, H. Van Le, D. Mafi-Gholami. 2020. Performance Evaluation of Machine Learning Methods
for Forest Fire Modeling and Prediction. Symmetry (Basel). 12: 1022.

37.Pierdicca, N., L. Pulvirenti, M. Chini, L. Guerriero and P. Ferrazzoli. 2010. A FUZZY-LOGIC-
BASED APPROACH FOR FLOOD DETECTION FROM COSMO- SKYMED DATA Dept.
Information , Electronic and Telecommunications Engineering , Sapienza University of Rome, Istituto
Nazionale di Geofisica e Vulcanologia , Rome , Italy Dept . Computer Sciences,4796-4798.

38. Pourghasemi, H., S. Youse, A. Kornejady, A. Cerda. 2017. Performance assessment of individual and
ensemble data-mining techniques for gully erosion modeling, Science of the Total Environment, 609:
764-775. https://doi.org/10.1016/j.scitotenv.2017.07.198.

39. Pourghasemi, H.R. and M. Mohammadi. 2016. Presenting a new ensemble method of Bayesian
models and logistic regression in landslide susceptibility assessment in Khalkhal city. Journal of
Environmental Erosion Research, 6(2): 16-30.

40. Pourghasemi, H.R. and M. Beheshtirad. 2015. Assessment of a data-driven evidential belief function
model and GIS for groundwater potential mapping in the Koohrang Watershed, Iran. Geocarto
International, 30: 662-685.



https://doi.org/10.1007/s12665-011-1504-z
https://doi.org/10.1080/02626667.2011.555836
https://doi.org/10.1007/s00267-011-9766-5
https://doi.org/10.1007/s00267-011-9766-5
https://doi.org/10.1016/j.envsoft.2013.11.003
https://doi.org/10.1007/s11269-017-1660-3
https://doi.org/10.1016/j.jhydrol.2017.03.020
https://doi.org/10.3390/app10072469
https://doi.org/10.1007/s11069-016-2176-5
https://doi.org/10.1016/j.foreco.2012.03.003
https://doi.org/10.1016/j.ecolmodel.2007.05.011
https://doi.org/10.3390/w12030683
https://doi.org/10.1016/j.scitotenv.2017.07.198
https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.4.3
https://drnl.sanru.ac.ir/article-1-141-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27174425.1399.1.1.4.3 ]

¥\ WAR el g o /Y oybed /gl Jlos /s (o) sl 5 55

41. Pourghasemi, H.R. and N. Kerle. 2016. Random forests and evidential belief function-based landslide
susceptibility assessment in Western Mazandaran Province, Iran. Environemental Earth Sciences, 75:
185.

42.Rahmati, O., H.R. Pourghasemi and H. Zeinivand. 2016. Flood susceptibility mapping using
frequency ratio and weights-of-evidence models in the Golastan Province, Iran. Geocarto
International, 31: 42-70. https://doi.org/10.1080/10106049.2015.1041559.

43.Razavi Termeh, S.V., A. Kornejady, H.R. Pourghasemi and S. Keesstra. 2018. Flood susceptibility
mapping using novel ensembles of adaptive neuro fuzzy inference system and metaheuristic
algorithms. Science of the Total Environemental, 615: 438-451.
https://doi.org/10.1016/j.scitotenv.2017.09.262.

44.Sahoo, G.B., S.G. Schladow and J.E. Reuter. 2009. Forecasting stream water temperature using
regression analysis, artificial neural network, and chaotic non-linear dynamic models. Journal of
Hydrology, 378: 325-342. https://doi.org/10.1016/j.jhydrol.2009.09.037.

45. Shahabi, H., B. Jarihani, S. Tavakkoli piralilou, D. Chittleborough, M. Avand and O. Ghorbanzadeh,
2019. A Semi-Automated Object-Based Gully Networks Detection Using Di ff erent Machine
Learning Models: sensor, 19: 1-21.

46. Stumpf, A. and N. Kerle. 2011. Object-oriented mapping of landslides using Random Forests. Remote
Sensing of Environment, 115: 2564-2577. https://doi.org/10.1016/j.rse.2011.05.013.

47.Svetnik, V., A. Liaw, C. Tong, J.C. Culberson, R.P. Sheridan and B.P. Feuston. 2003. Random forest:
a classification and regression tool for compound classification and QSAR modeling. Journal of
Chemical Information and Computer Sciences, 43: 1947-1958.

48. Talukdar, S., B. Ghose, R. Salam, S. Mahato, Q.B. Pham, N.T.T. Linh and M. Avand. 2020. Flood
susceptibility modeling in Teesta River basin, Bangladesh using novel ensembles of bagging
algorithms. Stochastic Environmental Research and Risk Assessment, 1-24.

49.Tang, X., J. Li, M. Liu, W. Liuand H. Hong. 2020. Flood susceptibility assessment based on a novel
random Naive Bayes method: A comparison between different factor discretization methods. Catena,
190: 104536.

50. Tehrany, M.S., B. Pradhan, M.N. Jebur. 2014. Flood susceptibility mapping using a novel ensemble
weights-of-evidence and support vector machine models in GIS. Journal of Hydrology, 512: 332-343.
https://doi.org/10.1016/j.jhydrol.2014.03.008.

51. Tehrany, M.S., B. Pradhan and M.N. Jebur. 2015. Flood susceptibility analysis and its verification
using a novel ensemble support vector machine and frequency ratio method. Stochastic Environmental
Research and Risk Assessment, 29: 1149-1165. https://doi.org/10.1007/s00477-015-1021-9.

52. Tierney, K.J., M.K. Lindell and R.W. Perry. 2002. Facing the unexpected: disaster preparedness and
response in the United States. Disaster Prevention and Management: An International Journal, 11:
222.

53.Vorpahl, P., H. Elsenbeer, M. Marker and B. Schréder. 2012. How can statistical models help to
determine  driving  factors of landslides?  Ecological ~ Modelling, 239:  27-39.
https://doi.org/10.1016/j.ecolmodel.2011.12.007.

54. Youssef, A.M., B Pradhan and A.M. Hassan. 2011. Flash flood risk estimation along the St. Katherine
road, southern Sinai, Egypt using GIS based morphometry and satellite imagery. Environmental Earth
Sciences, 62: 611-623. https://doi.org/10.1007/s12665-010-0551-1.

55.Zhao, G., B. Pang, Z. Xu, J. Yue and T. Tu. 2018. Mapping flood susceptibility in mountainous areas
on a national scale in China. Science of the Total Environment, 615: 1133-1142.



https://doi.org/10.1080/10106049.2015.1041559
https://doi.org/10.1016/j.scitotenv.2017.09.262
https://doi.org/10.1016/j.jhydrol.2009.09.037
https://doi.org/10.1016/j.rse.2011.05.013
https://doi.org/10.1016/j.jhydrol.2014.03.008
https://doi.org/10.1007/s00477-015-1021-9
https://doi.org/10.1016/j.ecolmodel.2011.12.007
https://doi.org/10.1007/s12665-010-0551-1
https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.4.3
https://drnl.sanru.ac.ir/article-1-141-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27174425.1399.1.1.4.3 ]

Degradation and Rehabilitation of Natural Land Vol. 1, No 1, Spring and Summer 2020 ............cccveimmeieieevneiiireeeeeanaeeeennanns 32

Evaluating the Efficiency of Machine Learning Models in Preparing Flood
Probability Mapping

Mohammadtaghi Avand', Saeid Janizadeh? and Faeze Jafari®

1- PhD Student in Watershed Management, Faculty of Natural Resources and Marine Sciences, Tarbiat Modares
University, Noor, Iran, (Corresponding author: Mt.avand70@gmail.com)
2- PhD Student in Watershed Management, Faculty of Natural Resources and Marine Sciences, Tarbiat Modares
University, Noor, Iran
3- PhD Student in Watershed Management, Faculty of Natural Resources and Marine Sciences, Tarbiat Modares
University, Noor, Iran
Received: September 5, 2020 Accepted: October 14, 2020

Abstract

Flood is one of the most devastating natural disasters that annually causes financial and life
losses. Therefore, developing a susceptibility map for flood management and reducing its
harmful effects is essential. The present study was conducted to prepare a flood susceptibility
map using data mining models including Random Forest (RF) and Gradient Boosting Machine
(GBM). At first, 275 flooding locations flood and 275 non-flood locations were identified in the
Komijan watershed of Markazi province. Spatial locations were randomly divided to 70% (190
location) and 30% (82 location) for modeling and validation, respectively. Then, 12 factors
affecting the occurrence of flood including slope, aspect, altitude, rainfall, land use, distance
from river, drainage density, plan curvature, profile curvature, lithology, soil and stream power
index were determined. The ROC curve was used to evaluate the models used. The results
showed that in the validation stage, the under curve for RF and GBM models was 0.83 and
0.75%, respectively, which indicates that the RF model is more accurate in producing a flood
susceptibility map. The most important factors affecting the flood are rainfall, distance from
river and altitude.
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