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5- Geographic information system
6- Remote sensing
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12- AdaBoost

13- Bagging

14- Random subspace

15 -Dagging

16- Rotation forest

17 -Positive Predictive Value
18- Negative Predictive Value
19 -Sensitivity

20 - Accuracy

21 -Specificity

22 -Root mean square error
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1- Random forest

2- maximum entropy

3- Area Under the Curve
4- Logistic model tree

5- Frequency ration

6- Certainty factor

7- Evidential belief function
8- Naive byes

9- Support vector machine
10- Genetic Algorithm
11-Boosted regression tree
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4- Rainfall

5- Normalized difference vegetation index
6-Topographic Wetness Index

7- Stream power index

8- Terrain ruggedness index

9- Topographic Position Index

10- Digital Elevation model

11- Slope
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1 -dependent variable

2- Independent variable
3- Least Square Support Vector Machine
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11- Stream power index
12 -Topographic Position Index
13- Terrain ruggedness index
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1- Flow Accumulation

2- Aspect

3- Plane curvature

4- Distance to fault

5- Distance to road

6- Distance to river

7- Lithology

8- Soil type

9- Land use

10- Shuttle Radar Topography Mission



VOV i 53 20z cblo (6 S0l gL S oLl b (o5 T Juunilly (ot

(Jaize lomg] o 5leS = oobawle g i /bl =V Jols
a5t Cammd 2y (SHE S Cil)S =¥ unnd ol Y
S ol YL (65idgis gl 0955 48 sl 0 ety paundls

2yS o Bl kel (g piaS o 095 g sl oyl

Kanani-) aas o 5,3 55U coos 5 1) odaw by, g 034
L aalllass g ailato ol Si 4t (Sadat et al., 2019
YA VY e e e )5 ol 9uiS ool ywe 4t 5] o3lil
ol o35 e 1 piieh 5 555 ol ol 3 (1 Jp)

Wyl 4 bgspo (swlindomej slaasly g (owlid o (sW0g,5 — ) Jgua

5 Sl S il .
. Compad 0 35 )95
Bighe S

Juize glgpgol a5 lsS

@bawle g o [l ol 0y, S

E2c, Od.av, E2sht, E3c,
L.E-Oa.bv, PeEph, sp, oml

Oa.bv, Oav, Eavt, Kuf,
Kufv, Kus, PeEm, L.E-Odsv

OMgr-di, E1l, E1m,
Ed.avs, OMd.av, Pld.asv

Qft2, Od.av, Qftl, Qcf, Ll

Qbv, pgr, QCF, Pld.asv ol e

iy ol (Slaalie glaoly & olaen
SleMbl Jolis iz po s gnojpj ol (slaols (laodly
L iwoins ol 55 g ool Gl Cumbgo daely oliss 4y by
Sy 5 A i WAA JLus pd dass 13 ool (ol gdaus
93 JS8) 50 181 g sl bl (gladlate O _algu
Lo yiogin (i 45 0391 plogin (Shl> ool 5l (5 pusy adllae ()
a8l dng Ladlo i o o S5 (650l
slooly 51 69y 3 bl oo (Sl Cundg Wi Cubd Cunidy
25558" ghailate O (alges €855 Lausgs 2> )3 29250 (555liS
o=l 0 0 et ey ol Cdby lide U odd Cual
0305 2 Jamdlly ity (LMl ol Gobo Sl g,
w05 o ol YV 5lax gasme 3wl oads plovl sy o
Oiu g & olad jebay a5 Bud  olwlid addllaedjge ddlaie jd
03> dcgemme Ao yd Yo g bjgel 03> dcgeze o) Ve
U_M:)yj lodly degome po G (pl WUAS ppdl | Siuw yliel
ot 35 (e 251 s ] Sl 4 yora 3
Nampak et ) cowl oud duog b Oyl cuwlus b5
ol (235U jl ¢yl adlas ) .(al., 2014; Chen et al., 2019
Sl bl (gl bl jlaie S plgisas 4l p 1) /D uoip
oo Ll obol kil e ) sl 005 o3litl _stgo
lmodls ol oais bl luwlis 8 ol ylas g e o
10 Jolae cislsy &l bawgio) Waols cpl (uoj o 5,Shas
Sl Joeo 53 48l (oBly ey Stalojl olisl 2 (456 1 2]
Ol ladlbte O €855 by (i) ol Jeily (L))
(8l Sl ptaleil Sl pslaie sl oads pll i S
o by Shey (slayialejl bl el cusly p &l bawsgio
ang b Coul odg Gglite  Sllllae ddlaio slaoly I cuily p o8,
by o p; slao] sl y 4siS cla Jle j 4ol 4

ool > adlland)ge ddlate SLS s 4l (pizen
&by slaedls oV Jisiw ()55 polbad jl oolaiwl b V:iYDe oo
Sluogad plol p SB- i by yiel)ly 0 gl sl V i
Sl el g Nadoo e (RToloe 9 (2bond (i) SB
(PS5 sy 5 e odlil SB (S slaShs 25l
g 5 ) S (Sdgytm ol 15 (60L5 586 ) (slyime
S iz 8y ) o] SB o Ol ()leSs e s b ||
Gy o 03l ol p g S srimd LSt @lyd mijei olgisas
(USDA) sxsxiacsVL (55,5kiS iy st 3ibo 995 00
B LY G yhab e plgisas jiog)Sue ¥ I yia8 jlab b oy
oS 53 oo VB +/+0 oy jlaB b g o (lgicdy yiog S
(7 JSd) 85 (0 )13 e

Am%
R o

4 \/ >
100 20 80 70 X 60 50 40 30 20 10

Percent Sand

S i Y gandiwd Cqa USDA guaddb -Y S

45l Gl ol 015 ol 5 a8 ol slone
SaS a5 3550 i laidype Johu & sVl (sl ok
B De o dusle SAGA GIS  l38lp 5 15 Cuslio (sla Julos
aS Cusl ol osima s il YL Joho (2025 by Hlade ax
Kanani-Sadat ) cul yiiw Jlaisyse Sl 4 (355 by liee

J(etal., 2019

1- United States Department of Agriculture



VPo) Sl 3yl 03903938 IF lox ) o ylod ol ol (iSRS 9 ool a5 pis Y OF

o ol 3y Slae Lol YF iz yu cudd )3 3990 Slinli
I Jemily blie” (oS lsisasy 4l o 2 /0 1 2y
S o 1 3,8kae b loely il g " e o ]Sl
&l el Jemily g Gblie " oS lgisa 4l 2 <10

F JS5) w0 4,8 ks 5 giloue sl p sl " e

= slacwba (b e8] bl w3g 151 JolS ygods o559l
polie bagle bl oo Cuilyy pie g (RIS (e 9508 O3
B (npdige S UsS slaely > cilisee (slaojly y> cudly
bl asl p o /0 Jolee cuily p il bawgiio oyl 45" 4285
lacibio Ol ol 8 p5) wlis,) IS @l ks § 39390 (slmodld
slools Dl s Lol sals Ol (@9.0 QL»I/& Ol.ul

432488 457926 483365 508803 534241
°
b
"{‘ o
o
S
®
24
-
&
L
<
®
rs
a
-3
=
=3
=<
o
o
g T T T —
457926 483365 508803 534241

it ol glAid Jedlsy 90 bl
o i ol gl oy sblie

N

%LE

0 10 20 40 KM

n fe——
I s e m |

Al g gl /0 Clild g il Lawgie (wla! g9 W o Culid (Slaalino glaoly guudiny —€ JSUS

039 oile ogSan il W cute Sl o5 S0 Y g S
S ols by clmyline j Sy o 4y sa_dodbs jolas]
o Iae39)9 )30 @i (J5)5) dtad @b K e(2jlp @b P o duojn

il o doin pl Tae 5l aAloli b g by jleo VW ol

(LR) e ggmmw 5
Oyl A_kagl) sl d\)_g d)L;J e SO u_c.]am O%"")f)
SLajline I slaegorme bwgs (ejn ol Jeily (inoin
Ju— .(Shahabi et al., 2015) 8,5 |, 8 oolaiwlyyge o,
Ol ol § £(2) ilaio @b o dbaly S5 oo dbate (ygme )5
WS ol ) Sogedr |y i
__ ! )
P= 1+e2 p
oo it(n) — ()
Z =logit(p) =In (1 — p)
= bo + b1x1 + bnxn
S oy Z g iy ol Jewils Jlisl Pl ) o
039_.3\9° WPulaubww+oob—oo)|4§wl
i) ol Jaily Jlatsl il 5So35 ) & a0 pp &5 g y5bas
o slajlze S n (Jdo Cull o pd by g Slgd iy

oS (s dg
Ol 415 =t crmaile Ol po (1 oS (S 519 LB (09
(LSSVM)
oy &l Jpilly A8 5385 (it 4 it Sl
sl psia) by clajlae ot sl (Jao SO bl ke
Pradhan, 2013, Guyon and Elisseeff, ) cul pao 35 (Jdiue
By asilwie Al )8 5 a8 ) dg g el ) (2003
S (i el U195 2 g8 Bl s 4 oyl slaylae
Ulg U byt el jbas Gl 5 ki (ol ol 055 )
sl ploml 5 8 Uolie o etes S S ybo b o8 ot
(Bui etal., 2015) ceul yeile 6,550 sl Jaso cgjbuosly
3,5 ol pj ©ogods Ol ) LSSVM 02,68l IS gl
{(Tang et al., 2005)
yi=wox)+bl=1-—¢ (0)
C ()
w = Z a;y; P(x;)
i=1 n

(v)

£ = sign | Y aiyikCex) +b

i=1
ui ol%) wlj ke )IJ){ Yi ‘l’:] i u.w)}o] Lged X U] 5 A
s e es o gl el Jindly g oy 5 i




VOO i 53 (om0 (lilo (5 ;0L (s Joro 00l b (So 5 O Sy (s

it jlne Byl g Sle Cui g 4 gM ] 3 &S

(RS) (Hobad sbad 5 oz 59!

Gl nen 50l 3,805y Ky ol gliab 5 w6
HO, ) 45 00ly dawgi VAN JLuw j3 g8 lawgi jb el (gl oS
S 28 o my)S 5, Sagy Sy plaieas sy o (1998
sLad (59 o 4Bz loodiS (gandib o 3 oS 29 00
Pham et al., ) 59d 00 Iyl 5 (3590] S 3 osisz Mool duasiio
b glagandilb ¢yl (28 Jhg) S el 0l (2017
§ il clmdasged yje Sy lsieds g 1S o ol el
Skurichina ) g e odlatwl diges (slad (sloay dasuin (glabd
—j9el (slmodls a5l e b5l JSke (and Duin, 2002
Ayl €85 VL b oS real U ) sl sl
Hosseini et ) >, 3Ly 8olal (gladyy; v yoS) 5l aolizul b
slelas Lol G.u)g.ni sWodls dcgommo I ¢ oplply «(al., 2020
NS 5 Gk g B e Ll (Bolar jpboa (o)
9 00 ol (a5 4 eS8l slaby)

dmgllio 9 (25, (S d,
&bl s pasls

L 2l 4Bt (o5 slo e iy €53 5 35S0ae
Chung and ) 395 oL, calisee (¢ lal (slajlrs 5l ool !

Fabbri 1993; Nampak et al. 2014; Rahmati et al., 2018;
o=l JLes! PPV cadllas oyl 55 (Althuwaynee et al., 2014

2105 Gt e ol Jemilly sl JuSly S oS
i Cte (ialojl @l o w3l " s I pL 4 4l
Ol Sy ()l JuK G oS sl ) JeisI NPV &8 Jls y
iy 9" Pl dy a1y ) /0 5 508 e
01 i SST i ito yinlojl zuli a5 wilb " wej
(46 2 /0 51 ey Jidliy L) (o o (slooly s
0o 5L SPC oS Jls o wilodds (gadids  wpda &S Cunl
el (0505 ] Sy (g slooly o (suakid s
10 Sl Ly (o5 o sloely s Sily ACC a3l
oS oy ol sloJus) Jamiliy g slooly g 436 2
soliie ey gl RSME .ol o (4l oy ;2 /0 )
AV polie o 3l e e of (slaoly (oaBly 5 00t
oobl 1 1o jlxo ol dad 23l io b Jdo 5Vl 5 Slos ot Ui
T ly e (TP) sl et Joli Jlansl soly 55 e

1 -Ensemble
2- True positive
3- True negative

slaslnaxy g (dhie gew)S) oy by  Jie (slo o)

(RF) dslas i 550
a8, 54 sl )oS cn i) 5l (S holad K w55
48 Sl B (gl 5 ahalb OMSEe ()0 Gl
wlmodly 15 5l ] ols g 3yl gy Jadwis 4 (oS Cuwlus
De Santana et al., ) ccwl jlsl [ Jolaiols g s jaws)l
oobol p RF 00iS™ n i J4e (2018; Quiroz et al., 2018
absiye e sl 3 ol Jools ol J (55 0l
Couwo b 1) sanddls daodly degosmo | (g5l (sl 5 Cunl lgiul
«Jie o ;> (De Santana et al., 2018) s 2> o pll oYL
S ey m bl Gl a5 1) gag)9 oy (ol i )5
S St &S wid oS glacus (2905 g 03,5 (sl
©639y9 Moy e 5 K canaib (gl ol oad by 6l
C53 p 9 35 o0 518 (Bolad S ()3 51 G e sl
ol JRa ey 3 2580 yomie gl ib S 4
Wbl J S lacs s den (3 |y ) (i oS ganeib
D po bl sl

(NB) 23lw 3 ot 55!
B0 Jde 6 bl (68 puenas €3 ool Blaal 5 S
wb 9 oS u_uuuuu dLm)J..xm O 4]0)‘) My ‘_5‘); WL\A
oolwl y (NB) o3l 50 i, (Wang et al., 2006) b o
5 Jtwe gjgf bl jm 295 dgh dy a5 S (00 IS i 4pa8
Jlein] (Szve S abul b diwey dasuie polie (o5l diwns
l(Farid et al., 2014) cwl ooy acgoome jo WIS b (gly
5 gl VL s a5 (o NB 02650 (sblje alox
slaodly dsgazme Sl jd Cudgizns pas g i )Nyl (gabanls
x; »S1.(Pham et al., 2015) 5,5 o,lsl (canaids clp 590l
5 i Sl ola) danly ke bV g oy (slalino oy
NB o950 casily (e ! il Jomailiy (90 ol
105 Jalgd duole 4 G ygod
yng = argmaxP(y) [T2, P(xpy:) (+)
yi = [non well and well]
Caud olwl 1o Wl o &S sl y; (L8 s P(y;) o
—djgel 031> dcgamme DY 9y IS b osdosnline 3)lge
Ulgy oo aS cowl oy Jloisl P(XT, Y1) g 295 03) (yeesd
D9 dwslowe j Oygod

(=2
1 . (7;1“2?7) (\\)

P(xi,yi) =



VP o) Caligus 3yl 03903938 IF lx ) o jlod ol ol (iSRS 9 ool a5 pis  VOF

5

wwois 838

AL iy ol 013 Jlay 3l
o High : 0.581876

B Lo :-0292001

() glis)
o High : 2729

M ow:un2

H
§ B
= Concave (<-0.5) 7
1Float (-0.5 - 0.5) 0 10 20 40 KM
= Convex (+0.5) bttt
ssses somss "
H
i -
e ! o W
il g st ?
o High : 19.49381 “’»’*
M ow: 25185 0 10 20  40KM
g 2
H
i 457926 483365 508803 34
i gl ;
o High : 436688 " ﬁ,'}-* €
Miow:o 0 10 20 40 KM
bt}
oy s sosvas san
3
L B
8 ” o4 %
L N H
>
¢!
2 - .
Fon o ™
St iz i
mm Silty Clay Loam ——
- y
1ilt Loam 0 10 20 40 KM

=1 oamy Sand

(¥

g o dwlos (FN)TO3 ate 5 (FP) '3 ot (TN)
Lol SO lguedy twydd oS cul slroly slaws cuus TP
ool S5 s FP a8 Jloy> i oo (st YU sl
b YU ity L oly S5 lgiea (ool & o ol
sobass o8 wiman laols S FN g TN (ol s ogMe g5 oo

Hgd so gxabb Jruily (19 ol Glpieds Cuspdl g o

TN )
NPV = TN + FN

- (%)
PPV = Tp  Fp

TP (\\c)
SST = TP + FN
(Vo)

SPC= TN T Fp

n
1
RMSE = |- — Xg0)?
D Goor = a0)
i=1
TP+ TN (\V)
TP+ FP + TN + FN

(V%)

ACC =

ol oud st (g palie i & Xae 9 Xor o 0 &S
ol oly JS slaws olgicay N g (Blg sdalin o (g5le Jio I

(ROC) prmnwr (63 350 dasuin  gowo

&y (ROC)VW 3 Sas dasuiie aotie cdllas oyl 5o
Csdo g oablyg Co slagyp b cwiy 4 b e 5 Sles L)
Tehrany et ) cowl oud oslaiwl X joomo o Y o0 (59y p DK
oslawl oS u.:l—’))‘ d‘)—f AUC )L:-”"o )‘ ) u" '(al" 2013
OLB Y Heome culus Jolie )3 ) X j9 0 (Shg a5 A5 o
2 Ly Q;")I.x_aT)lS ROC . .(Chapi et al., 2017) s> .»
39l i (oS Sygot |y Jho B> liue a5 ol (s yiw
..\.wl.:L;c Y6 -/0 u,uAUC ).:.)LQ.O 639450 ROC U"‘ﬁ) » .JSL;O
A5l oo YU ¢l sniad lis Vo sde 4y 505 polie &S

B ,lro (g 5Lwodle]

Jiw) aJu.fs)fS J.a|9.c d[m\‘;l&? .,\Jy dl)’. ._\ib)f Xy 31
S 5 gyl sl o odlitsl Kioe S biyayd 51 0

1- False positive
2- False negative
3- Receiver Operating Characteristic



VOV g 50 20 yuiilo (g S0l (sl Juo oolisiw! b oy n,aT Femiliy i

i e _ i

3.

H H

g 2
H

s s
() oS b bl
o High : 6190.52

- Low: 0

57926 asazes o803 s

1017846

017848

g 2
E
2!
H
s P i
e T -, ,4‘_\‘
AL e - s
£ & g 0 10 20 40 KM
B B R T o R ——
o s om0 s
3!
z i
2!
B 2
3
i 4579026 483365 508803 34241
(o oloe) AV s (oSl I
o High : 160 R
M0 0 10 20  40KM
H i
H :
3
i 457026 483365 508803 s[4
() st g
o High : 359.89 b\ el
M oa 0 10 20 40 KM
i
&

s saswnn ol

v WmOMdav =iPcEm = Qcf WSper
0N i smPeEph (1QM) Sty
mmOnby =Pk FIQR2Emm
mOw  mwPidasviemdh %
motsw P momt 0 510 20KM
mElc SILEOabvENOMdx SEPEEf Qv mmpd -

shee g ol (e (81559257 (5559, (S lare 0 JSS
w25 2l Jamly e
b 9 owlind (o S5 5197 (55999 ) (S Hlaro —0 UK

05 Dl Jamdly 1 50

n.11‘.~,

3ol b (o o Jawiliy 32 0 (51 jlene LSS
LSSVM Jue

L (i o dedly 50 sloslins (e Sl
o=l ol sai ooy L £ S 0 LSSVM i 1 eolaul

e ssases sossas <o
3
H i
£ ]
3
i 457026 483365 508803 = s[04
Vol 56“5&“:’_‘ ‘".‘
o High : 1892,33 o I\ el
Moo 0 10 20 40 KM
R
g z
3
3
3
o High : 121.897
By 836667 0 40 KM
B ]
e sssses sosms <o
H i
2]
H z
3
i 457026 483365 508803 s[04
S5 ooy St
o High : 23.6488 nopit
. Low : 4.20002 0 10 26 40 KM
e

57926 asazes om0y s

§

3

3
o High : 64.5
Mo

992108 1017846
17546

z
3
i 457026 483365 508803 s[04
() etz b abali
o High : 26149.9 e
Moo 0 10 20 40 KM
bttt —t—{
e s oo son
g z
8
§ 457926 483265 508803 4241
(2e) iliay, b alats i
o High : 8118.68 g
Mo 0 10 20 40 KM



VPo) Caligu 3yl 03903938 IF lx ) o jlod ol ol (iSRS 9 skl a5 pid  VOA

432488 457926 483365 508803 834241
.
o4
£ "
s Fa
: i
5
5
2
g 2
E
2
L2
T T v T 2
432488 457926 483365 508803 s34241 3

NB-RS A
S L et B 0l ey g
ey L) L Jeiy

= A 0 10 20 40 KM
= ke i
4314?! 4579‘26 4&‘3?5 505&])3 SNZ-IH
3
3
2.
8 Hg
H
LS
432488 457926 4833685 505!53 34241 g
LR-RS i
B L el B35 Sty L\
S ey L LS ity :
B dasgin ool 0 10 20 40 KM
w R — et ——t——
{31&?5 #579?6 m&?s SBSN;.I .KNZ-‘u
3
7 -
g Fa
& ‘e o .
2
H L2
‘e :
L2
432488 679;6 ms&s .«nu').\ &‘42'41 §
RFE-RS A
S LS ity B 5L ety el
S iy EESL; LS il :
- - 0 10 20 40 KM

ailaio (03525 EBOT Jawdliy (o oy Aiis - JSS
NB-RS LR-RS (RF-RS (sl Juo (bl y axlllaed 90

Bt (sl St anolio
5P sladie (g § (rwtors glaclis
5hoslawl L R ) uT Jﬁ_wl» 2 d‘)—’ 4».9‘)4:.«)9:

L5 2bjyl Y Jgds 50 (o liel g 5jgel (slaodly s gasme

(AM) ' (Sl bagie s b glis) jlms o a3 o L gl
o5 2l Jrily (e (sl (e Cuenl /2
Sl bawgio > 35 Jhes plo ()] 5 a9 ol Jlaye
ot Sl lajlre ol ooled W aldl oo o I it

A5 48,5 k5 55 w3l adlllas )3 e ol Jemsly

G535 435
e ol y> 6.23
ol 15 alald 6.85
h S 6.98
T 5 712
JoF G Ll 7.14
aal g sl 7.22
o e St 7.56
S 7.99
s slisd 8.09
T ity s i oy s 825
JEERENE e 875
e gl 9.01
T 9.23
Sy Cogloy a3l 9.78
PP L) 10.23
elis 10.91)
0 2 4 8 10 12

_.i‘w.i?-o"r:n
ol (3205 ¢ B 9195 (5590998 (51 lre (B! T U
LSSVM 035) 3! sl ‘:‘apu 9

325 2 doly Sy 4 4

2 seeig o ogilly Ghlie ity goadss cdlbs oyl )
5 NB-RS LR-RS RF-RS (¢l Jus ol s arllasd, o dilai
i oiewlzel g 5jge] (clmodls dsgeso I odlitul L
DP9y Jl ool L odd oty Jeadly (lise il 005
oS b il Jolis oM g 3 b s ol
s s ity 3L Jaaily g Jnuily 8yl
ailate (e slac] Juwily 4 V IS 0008 (sandil
Aaidye e gla Jae jl oalatwl Ly a8 a0 oyl 1y dalllasdyge
Slodds oy

o Jeilty Lo poMS 1S4 o do)> A S5 )3 iz on
NB- 4 LR-RS RF-RS (sl Jis Lo obds_sins b (sivo)pe;
Y RF-RS Jao o as ol L gl .cwl sad odb L RS
sooy dawgio g 2Ly5 olyj (b i o Jamily b o3
2 alde Gla oIS 4 cud adlaedjge dilate )3 1) (g i
s oDl Amd o 8 b o6 NB-RS 4 LR-RS gla Jua
505 bt ey ol Jasliy b (oS Y NB-RS e )5 )
SLa S o dalllaedjgo dilate )3 1) (gl L0)d oS
&blgy w488 15 LR-RS § RF-RS (sla Juo j» alin
adllaodyge dilaie | ZA/VE lawgio jobods 45 8,5 doeis )lg5 oo
ol 43,5 118005 s (e o Jsmiliy b oY 0

1- Average merit
2- Natural breaks



VOR i 53 orox oblo (6 Sl gL Je oolisiunl b (w5 DT Juasiliy (ot

60

(AT LI R WER
g8 g8 & 2

-
=]

oF ks ol

0 II II II II II

Lsgie Jowilsy

oby Jowilsy ol s il

NB-RS ELR-RS ERF-RS
NB-RS LR-RS RF-RS (sl Jie (bl 51 0.5 st iy kw0525 SBOT Juuwniliy s WS 1 S5 2 auoy3 —A S

(i Y] 5 (i 5901 (G031 as gome 51 03likol by (oS 4T (S0 3,Mos duwnylie Y Jgan

ct RF-RS LR-RS NB-RS
s 390! (s s el s el L]
PPV < IAFY IAYY ) VoY Nl - /ooy
NPV /A <Yy N N - Ivvs < JOAY
SST JAVY <IY¥Y <vvy N -[EYY /oY
SPC <JAY <MY /A <[5V -Ivay I5\Y
ACC NS V%2 - Ivvy < [SAA /5y NINA
RMSE Nis) Nital /YA JJ¥A JI¥AY - J¥YY

lrodld degazmo ol sl axlllasdjgo dilaio 3 4l p i) +/0
Iy eyne clB RF-RS Juo o 0y ol  oxiwejlie] g (90!
adlats 3 (ning Ol Jeesly ity 3 e o 4 G
ol Ul Jds 4 wlgs o RF e a0 5,Skes 3,1 aulllasd e
$39)9 Sloyite pleal (LUl g )i slaosls oGl (g5lu e

.(Rahmati et al., 2015) wsb ol

0325 1 oy ey S e (i lis ]
9 =90l (glmosld dcgommo (gl |)ROC  izwin & S
oL NB-RS 4 LR-RS RF-RS (¢la Jso o liel (glaosl
T ety ey 81yt L Jico S o bty a3 50
255 e o)) bigel (slpedls e baogs ey
Iy Jde (i i ylas ¢ Zuiawylie] (gloodls degazms oS Jls jo
Jis ¢ bjgel (cloodld dsgazme (slp A IS 3o im0 lis
o5l o 9 il oo (+/AVY) AUC Slsde o 5YL (ol )ls RF-RS
(AUC= -/A0Y) NB-RS 4 (AUC= +/AAY) LR-RS (sl Jio
RF- Jas ¢ zowloel (cboodls degommo (gl cpuinpn )l Hl,8
4 Cus (AUC= <MY o YL cds (gl 5 o040 5668 RS
(AUC= -/vaA) NB-RS 4 (AUC= +/AYY) LR-RS sLa Jsio

iy 0glly sla Juy (sl gl olsl ol 2

degorme sy | SST jlade cpy5stn RF-RS (g «(unjn
(-IVEY g +JAYY) sy o s o liel g (5jge] (slaodly
CobBRF-RS Sy Jue 45 5, S saalie g5 o oopl ol
b ey a8 ) 150 o Jae 4y s VL opie
dibaio 3 43l yud <10 51 G Jowiliy b1y (aoij o (slaoly
=g RF-RS g, cpinpd .l 03,8 (sadids dalllasdyge
o (uow)liel 4 u.«»)}p] sodly degeze (4l 1, SPC jluie
=S 5 Jae 48 cl gme lay (pl (FIAVY 5 +/AYY) M2 o
0 A G |y 6yt e 9 (Sriwous culild RF-RS
3 58 Jeiliy b e o slmoly oo (sa0dio )3 1
RF- Jace ¢yl g ogMe )l adllland jge ddlaio )3 45l o 5 </
e moie £ 9 Cute moin €55 e cn YL L RS
Ol 3w &S bl o (bl g (g0l (cbodly degerme (gl
29,5 Jie i pp Lla,S )8 NB-RS 4 LR-RS (¢la Jso
wﬁi)’}o] sosly acgazs (sl 1) ACC Hlads oy 5L 55 RF-RS
&S css LJI?”L;" L)"L”‘ U”I » ('/VF\ 9 '//\05’) b)l.) Ls_‘?w)LJ.d 9
Ol lmols I /VE moxo (o vaib 4 LS RF-RS Jus
3 S rimen g 4l i <10 ) it Jeuily SLIS (Geejn



VP o) Caligu 3yl c33939,,8 IF o ) o 5lod )l | (SRS 9 (5 bl 4 it

\Fe

o Rahmati et al. (2016) s aow sladasl b pls opl & cuwl
Sy calls RFE o9y 555 (sue Chenetal. (2019)

Validation data sets

Sensitivity

20 40 60

100-specificity

80 100

—RF-RS,AUC=0.867 —LR-RS, AUC=0.832 — NB-RS, AUC=0.798

(<)

Sensitivity

Sl i plai an Sl a8 €85 aon plgi oo (ol pl 2Bl
s adllaesygo dilaio )3 (uejp; ol el (doiw lp RS

Training data sets
100

20
80
70
60
50
40
30
20

10

0

0 10 20 30 40 50 60

100-specificity

70 80 2 100

—RF-RS,AUC=0.912 —LR-RS, AUC=0.892 —NB-RS, AUC=10.853

(<)

o313 ds gosmo () (ol jool (SLR0SIS ds goxo (A1) Gutowi (gdlpininy (S Vg, 81 AUC lake g ROC  gizio -4 JSW5
Py s

i Sl deilly ot ¢l esdolol Jolge 45 amd 0
Bblis ;5 ol San a5 0355 Cawlio jluwy addllasdjge ddlais jd
hoslar wl Ly asdbdawes (slo Jio 3 Slas aiil canlis b ailiio
sRMSE SPC SST NPV PPV) 3,5kl g)Lsl (el lune
la e plas a5 sl (Lt Jlodigay o5 ol b b)) (ROC
Lol cslosly (Lii 1) (53 (s Skl aibbanngs o> (oS 5
seits o osil Gble 335 (niin ) RF-RS Jao 5Sles
«ly= NB-RS 4 LR-RS (slaJae o] 5l s g ol cp a0
7503 Gblie 3 )l )13 e ol osilly Gblie 585 CulSS
goee Lol § 383 )bpadd gy plge ) Jso cnl 50
O slio Coppie an a8 0 5 4 (iojn ol Juilty 3blis
45 CdS Aot plgdie )5 dals SS dilaie Sy (Gaejn
sbagty; 9 Gl slaJse olol p aBldsng oS 5 slaJra
ey 2 Jemaily 2Ll 3 (95 cbB e le (6550

Byl oaly 1 ieS b dilaie S oo

&l

£ s =S1g.g mldl als ol @l oMl wp g )Busl

iy Ol CoisS (asls b gjlal g (oLl Ve -

Ay iy Cudd lgsal ) (DGWQI) elis] jglaiedy
YWASYEA (V) ol pwdige g Conn jlasee

S 5 4
oMl (gly dilate o (gwojpi o Jeily conlio o5
Ban ol glhe dois cla bg,y g 6ygld S5 b o aige
e e dle 50k glae @)l adlas ol (Lo
i 2l Jeilly ooy e Bolad (slaby; oSl
slapl @ pusle (6050b (S5 Jde dw calllas () 13 1V Ll
tsoip ol sty o sie s NB-RS LR-RS RF-RS
3lS g bl latore .l o0l 00Dy dmwgl iy Cdd jo
Joily (SLSe (i 23 1) (e omdle 50k Sl hs)
Razavi Termeh ) asles,S clsl calisce 3blio uojpj (slac]
Jlxe VYl casdllas ol 4> (et al., 2019; Chen et al., 2020
ot S e g (b (S0 (STl
bl gy 00,8 edlatwl K yo Cubd 2 dwejy ol il
Cr (LSSVM) gty s odle a8 Shs
553k Sloys S 3,Skas il ysliion 5o sl s
e W olas a0y flis uls )8 )l)8 ealatwldyge (eiile
yoo i (Sl lawgie gyl Baiod opl pd ol 038
O Jiilty gl Juo el el sloylims ol (olod 13 il o
e Wyl 5 Gl .S oalaiwl pols dalllas jd uojp;
aslls 5 3098 Al Aluwogay ) (oo 0 Of Jseilty ey <55
ol ol ol Giali8l  5jgel 03> dcgeme gl a5l i



VAN 50 (e (lilo (380l (s Jore 00l b (Sn 5 O Sy (s

constructing decision forests. IEEE Transactions on
Pattern Analysis and Machine Intelligence. 20: 832—
844.

Hong, H., Tsangaratos, P., llia, 1., Liu, J., Zhu, A.X. and
Chen, W. 2018. Application of fuzzy weight of
evidence and data mining techniques in construction
of flood susceptibility map of Poyang County,
China. Science of the Total Environment. 625:575-
588.

Hosseini, F.S., Choubin, B., Mosavi, A., Nabipour, N.,
Shamshirband, S., Darabi, H. and Haghighi, A.T.
2020. Flash-flood hazard assessment using
ensembles and Bayesian-based machine learning
models: Application of the simulated annealing
feature selection method. Science of the total
environment. 711: 135161.

Jancewicz, K., Migon, P. and Kasprzak, M. 2019.
Connectivity patterns in contrasting types of
tablelandsandstone relief revealed by Topographic
Wetness Index. Science of the Total Environment.
656:1046-1062.

Kalantari, Z., Ferreira, C.S.S., Walsh, R.P.D., Ferreira,
AJ.D. and Destouni, G. 2017. Urbanization
development under climate change: hydrological
responses in a peri-urban Mediterranean catchment.
Land Degradation & Development. 28 (7): 2207—-
2221.

Kanani-Sadat, Y., Arabsheibani, R., Karimipour, F. and
Nasseri, M. 2019. A new approach to flood
susceptibility —assessment in data-scarce and
ungauged regions based on GIS-based hybrid multi
criteria  decision-making  method. Journal  of
Hydrology. 572:17-31.

Kumar, A. and Krishna, A. P. 2018. Assessment of
groundwater potential zones in coal mining
impacted hard-rock terrain of India by integrating
geospatial and analytic hierarchy process (AHP)
approach. Geocarto International. 33(2): 105-129.

Manap, M.A., Sulaiman, W.N.A., Ramli, M.F,
Pradhan, B. and Surip, N. 2013. A knowledge-
driven GIS modeling technique for groundwater
potential mapping at the upper Langat Basin,
Malaysia. Arabian Journal of Geosciences. 6:1621—
1637

Moghaddam, D. D., Rezaei, M., Pourghasemi, H. R.,
Pourtaghie, Z. S. and Pradhan, B. 2015.
Groundwater spring potential mapping using
bivariate statistical model and GIS in the Taleghan
watershed, Iran. Arabian Journal of
Geosciences. 8(2): 913-929.

Nampak, H., Pradhan, B. and Manap, M.A. 2014.
Application of GIS based data driven evidential
belief function model to predict groundwater
potential zonation. Journal of Hydrology. 513: 283—
300.

Althuwaynee, O.F., Pradhan, B., Park, H.J. and Lee,
J.H. 2014. A novel ensemble decision tree-based
CHi-squared automatic interaction  detection
(CHAID) and multivariate logistic regression
models in landslide susceptibility mapping.
Landslides. 11:1063-1078.

Bui, D.T., Pradhan, B., Revhaug, I., Nguyen, D.B.,
Pham, H.V. and Bui, Q.N. 2015. A novel hybrid
evidential belief function-based fuzzy logic model in
spatial prediction of rainfall-induced shallow
landslides in the Lang Son city area (Vietnam).
Geomat Nat Haz Risk. 6:243-271.

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

Chen, W., Tsangaratos, P., Ilia, 1., Duan, Z. and Chen,
X. 2019. Groundwater spring potential mapping
using population-based evolutionary algorithms and
data mining methods. Science of The Total
Environment. 684: 31-49.

Chen, W., Zhao, X., Tsangaratos, P., Shahabi, H., llia,
I., Xue, W. and Ahmad, B. B. 2020. Evaluating the
usage of tree-based ensemble methods in
groundwater spring potential mapping. Journal of
Hydrology. 583: 124602.

Chung, CJ.F. and Fabbri, A.G. 1993. The
representation of geoscience information for data
integration. Nonrenewable Resources. 2:122-139.

De Santana, F.B., de Souza, A.M. and Poppi, R.J. 2018.
Visible and near infrared spectroscopy coupled to
random forest to quantify some soil quality
parameters. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy. 191:454-462.

Eftekhari, M. and Akbari, M. 2020. Evaluation of the
SINTACS-LU model capability in the analysis of
aquifer  vulnerability potential in  semi-arid
regions. Journal of Applied Research in Water and
Wastewater. 7(2):111-119.

Eini, M., Kaboli, H.S., Rashidian, M. and Hedayat, H.
2020. Hazard and vulnerability in urban flood risk
mapping: Machine learning techniques and
considering the role of urban districts. International
Journal of Disaster Risk Reduction: 101687.

Farid. D.M., Zhang, L., Rahman, C.M., Hossain, M.A.
and Strachan, R. 2014. Hybrid decision tree and
naive Bayes classifiers for multi-class classification
tasks. Expert Systems with Applications. 41:1937—
1946.

Guyon, I. and Elisseeff, A. 2003. An introduction to
variable and feature selection. Journal of Machine
Learning Research. 3:1157-1182.

Ho, T.K. 1998. The random subspace method for



VFo) Caligus 05l 0390598 NF Al ) 0 yloud ol ol (inSB ) 9 gyl 49 pid  VPY

Pradhan, B., Azareh, A., Rafiei-Sardooi, E., Samani,
AN. and Melesse, A.M. 2018. Groundwater spring
potential modelling: comprising the capability and
robustness of three different modeling approaches.
Journal of Hydrology. 565:248-261.

Rahmati, O., Pourghasemi, H.R. and Melesse, A.M.
2016. Application of GIS-based data driven random
forest and maximum entropy models for
groundwater potential mapping: a case study at
Mehran region, Iran. Catena. 137: 360-372.

Rahmati, O., Samani, A.N., Mahdavi, M.,
Pourghasemi, H.R. and Zeinivand, H. 2015.
Groundwater potential mapping at Kurdistan region
of Iran using analytic hierarchy process and GIS.
Avrabian Journal of Geosciences. 8: 7059—7071.

Razavi-Termeh, S.V., Sadeghi-Niaraki, A. and Choi,
S.M. 2019. Groundwater potential mapping using an
integrated ensemble of three bivariate statistical
models with random forest and logistic model tree
models. Water. 11(8): 1596.

Shahabi, H., Hashim, M. and Ahmad, B.B. 2015.
Remote sensing and GIS-based landslide
susceptibility mapping using frequency ratio,
logistic regression, and fuzzy logic methods at the
central Zab basin, Iran. Environmental Earth
Sciences. 73:8647-8668.

Skurichina, M. and Duin, R.P. 2002. Bagging, boosting
and the random subspace method for linear
classifiers. Pattern Analysis and Applications.
5:121-135.

Tang, X., Ou, Z., Su, T., Sun, H. and Zhao, P. 2005.
Robust precise eye location by adaboost and svm
techniques. In: International Symposium on Neural
Networks. Springer: 93-98.

Tehrany, M.S., Pradhan, B. and Jebur, M.N. 2013.
Spatial prediction of flood susceptible areas using
rule based decision tree (DT) and a novel ensemble
bivariate and multivariate statistical models in GIS.
Journal of Hydrology. 504: 69-79.

Wang, L.M., Li, X.L., Cao, C.H. and Yuan, S.M. 2006.
Combining decision tree and naive Bayes for
classification. Knowledge-Based Systems. 19: 511—
515.

Neshat, A., Pradhan, B., Pirasteh, S. and Shafri, H.Z.M.
2014. Estimating groundwater vulnerability to
pollution using a modified DRASTIC model in the
Kerman agricultural area, Iran. Environmental Earth
Sciences. 71: 3119-3131.

Oh, H.J., Kim, Y.S., Choi, J.K., Park, E. and Lee, S.
2011. GIS mapping of regional probabilistic
groundwater potential in the area of Pohang City,
Korea. Journal of Hydrology .399: 158-172.

Osati, K., Koeniger, P., Salajegheh, A., Mahdavi, M.,
Chapi, K. and Malekian, A. 2014. Spatiotemporal
patterns of stable isotopes and hydrochemistry in
springs and river flow of the upper Karkheh River
basin, Iran. Isotopes in Environmental and Health
Studies. 50: 169-183

Pham, B.T., Bui, D.T., Prakash, I. and Dholakia, M.
2017. Hybrid integration of multilayer perceptron
neural networks and machine learning ensembles for
landslide susceptibility assessment at Himalayan
area (India) using GIS. Catena. 149:52-63.

Pham, B.T., Bui, D. T., Indra, P. and Dholakia, M.
2015. A comparison study of predictive ability of
support vector machines and naive bayes tree
methods in landslide susceptibility assessment at an
area between Tehri Garhwal and Pauri Garhwal,
Uttarakhand state (India) using GIS. In: national
symposium on geomatics for digital India and
annual conventions of ISG & ISRS, Jaipur (India).

Pradhan, B. 2013. A comparative study on the
predictive ability of the decision tree, support vector
machine and neuro-fuzzy models in landslide
susceptibility mapping using GIS. Computers &
Geosciences5. 1: 350-365.

Prasad, P., Loveson, V.J., Kotha, M. and Yadav, R.
2020. Application of machine learning techniques in
groundwater potential mapping along the west coast
of India. GIScience & Remote Sensing. 57(6): 735-
752.

Quiroz, J.C., Mariun, N., Mehrjou, M.R., lzadi, M.,
Misron, N. and Mohd Radzi, M.A. 2018. Fault
detection of broken rotor bar in LS-PMSM using
random forests. Measurement. 116:273-280.

Rahmati, O., Naghibi, S.A., Shahabi, H., Bui, D.T.,



Oln! iS2) 9 5yl & pis
PFAIPY .o IF+) gyl — cpy958 5 b Vo ylod

Iranian Journal of Irrigation and Drainage !
No.1, Vol. 16, Apr.-May. 2022, p. 149-163 !

Determination of Groundwater Potential Using Ensemble Machine Learning
Models in GIS (Case Study: Birjand plain)

S. A. Eslaminezhad®, M. Eftekhari?, M. Akbari®", A. Haji Elyasi *
Recived: Sep.29, 2021 Accepted: Nov.15, 2021

Abstract:

Predicting the potential of groundwater is very important for the systematic development and planning of
water resources. The main purpose of this study was to develop ensemble machine learning models including
random forest (RF), logistic regression (LR) and Naive Bayes (NB) by random subspace Classifier (RS)
algorithm to predict groundwater potential areas in Birjand plain. Therefore, for implementation, geo-
hydrological data of 37 groundwater wells (Number of wells, location of wells and groundwater level or Water
table) and 17 hydrology, topographic, geological and environmental criteria were used. The least squares support
vector machine (LSSVM) feature selection method used to determine the effective criteria to increase the
performance of machine learning algorithms. Finally, groundwater potential prediction maps were prepared
using RF-RS, LR-RS and NB-RS models. The performance of these models evaluated using the area under the
curve (AUC) and other statistical indicators. The results showed that the RF-RS hybrid model (AUC = 0.867)
has a very high predictability for groundwater potential in the study area. It was also found that the elevation
criterion is most important in predicting the groundwater potential in the study area. The results of the present
study can be useful for making appropriate decisions and planning regarding the optimal use of groundwater
resources.
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