-~

¥ WA ksl 5 5l /Y 0l /) Sl /sl syl sl 5 55

oo s plin 5 (g5 pols S5 Al a3zl ale o)

‘ "u‘j"‘bsf 4{&0" .
3 odleiwl b (o5 Sl Sygm shd 3 S90 dolgs (b))

* I aenl WG o % ooLT b gl ¢ (639, Bum s oo ¢ ol g 5 ST e ¢ ols 0,8 Lo uses

Olel oYl cblis 7 )b (23 elis )8 )
(aknazari@ut.ac.ir : Jgguw ot g3) ¢yl ¢ 05 il o5 oRutily ¢ SliwngS g Suis 3blio Ll 0g,8 ) Luishy -
Ol el g oy o&aiily  SliwgS 5 S 3blie L.>| 09)5 bkl g kuisly -0 4 ¥
Ol eclig e wealS S olSuiily (g bssul g & ye 09,5 Hlaliwl ¥
WA/ YIYY 2 by g )b AR/ A 2l g )b
Fo b ¥O axan

S

Cuprdo yd owluol Aliano CupoS JUS 13 (o 525 ST CopdeS (il (prizmod g (olinun] b Gl g ) A and b
S (5L (w9, 51 03wl U (dojye; ST (5y900 Jhs (ganding & pldl pols iaghy ;5 il oo Clus & O pbie
OB sl 0jgn g (S ;3 (AT SR g el Ch > Giualb o oS Bl (59 (gl (aRLE (il
(o Wi amd 9 (il 2 tes j9, S0 1000< EC) (dwnj 5 SLOT (132 (5908 ailiwl s (58,5 5 )3 51 (a3 5
(S S o g3l U I Aol gyl Jold (duejp; L] (500 wulE g3 Pae Jele VY add
by SLodl couds SLodl (I sLodll (Bl S qrg8 Cugh) (adll S ()9 (S LS dbaws Aol g 4505 sladaly
Sl maw (i BT SOl (Sl Gingr ealdl (S (LS1)] (6328 o Ol Car (e Bl
SO (55900 Al dmglio b g pamdli (L] g (5900 dwd 95 1 (S0 N Sl (gaodly D5 dnd (S )
Blo (g gl 43,5 3,912 2 ik i S (pd9) (510 il g 8 yule 93 (Sl sNg) (B339 e ;55 VY b (Suos 5
5 Aol ( (Soi aiS 5l diold (gl Jolgs Sy judul 059 wpa (LCWId a5 By Wi (RFE)  suiSb (Sig
N 13,55 50 (wajpt; SR (5590 3By 53 (g ik Canodl I joud O (Sdaaly,d 51 Alols g LBl g b pudgl
sl (+/AYY) (Slgl,8 Cuns Sbs, sl 1y (ROC) (dodie o Colune ylado opaiie 95 gl (2w ;lite] gl
D 099y 95 b dunlis )3 (Jlglyd S (pg, Sk 3,5Mes SLgS &S 3903 35905 (+/A0A) WaLS (359 9 (+/340) el
o 9 (+/3Y) Bl o i alie b Bolad IR (g e ,8es Sl 0 yuiie i (Sl gy TS (e Ml
4392 (+/AY) (Shamod o 50 9 (+/A) G5 o 0 b ol © )3 (il o581 (g 2 S (+/A0) (Shansod
SL31> CulsS (o s 52 3590 B0y E989 53 oo S13,581 cuwlio CLII &1 (K S0 () (iod b )3 (IS o
23,15 23Liw] 3550 (SWANE CudS g 040 (5,9l R0n

ROC  sovn ((3:ai G pd ¢ o0 523 dlm.,:i Csgm i s N ¢ B3lad SN 1 gulS saojly

[ Downloaded from drnl.sanru.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.27174425.1399.1.1.8.7 ]

90 Sl @ig g dame slaygSlh oo bloyl oS
ool p e Slagbyy (VF) Wlos )T 355 oy
Slodd ()lISal (SGSS55 slayiall 5 (Kb sbbre
|y S e Jalge il Sl laydey eyl ) oolisol b
a5 eolatwl b Jae pl ars bl Gl ged pess
YU s b 699y slaodld 4 5L g jiel)b (635420
4 ool sl Jao 5 o)lel cslagytg, 51 (VY) Adle
Comd slaghy) @ Olye sl Gadd agg it
ey whyssll (Bola S (glalia iy <yl
9 bt 4Bl mresd slaJdo (Eghan (s 4D derena
w8 g o3l & Sy (nl sblje Sl ge o)Ll 0yt
aely cpls 315 g 88> wej Clialie 4 5L pae o]
23 e 53 (A) 3905 o)l Jiuwe (sl puite 51 (lod S
iy bt laadd ags 4 dae dlse g
sl b gy 5l oy b 5l Gldllae oyl Lslasly
L xSl e (A 5 V) (soiae as
(FF 09) Setad gy o Y AY 1) s
039 (VF) dbwon (5S35 (V) ool €803 w505

doddo
i ool a5l i cibp sl dad xs
¢ 2Ly ELW oy LB sl 4 s L;me;u;‘m 5
0ss e 1 Jlassl cloanie Ll 5 O o
e Blo uejp; ol gy 9 paw el cuwl
Siiddog 5 St Gblo ol dewy cubld )0 oge
0diyS 1 ) (Swejp) O] (698 sy 9 o g
2 &S Cul tie @l 5l oass w20 g ol (glds goomo
sladlais ’).m u.clo.o‘ P L;JL?JQ sl ol slel
dgreS Malp weipi ol (6yed oy )35 o
( 5 (sl yeo) c.»)/t&w £ Bf.\;,b) b slradlge
wbedls jl S ol @ i L) elan] claadgs
(v 9 (Sl phed S g Coxivo Anwgs (55 )9liS” (gomed
Al wald Jolo 93 50 pl & ol lKe 3 calply ol
ol s sweins ol 6y jep ks g Jli
s slp oaaie slaghyy 4 lize @l )3 b
&S Cawl 00 o)Ll aojp sl (gyei Jed cladids
3905 o)Ll (55lel g (ni sla gy & Gl bl le ]


mailto:aknazari@ut.ac.ir
https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.8.7
https://drnl.sanru.ac.ir/article-1-143-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.27174425.1399.1.1.8.7 ]

\g 2 bl 5 salSeals sl by il eolinel b e sl (6yp8 Jlas  yige belss b5l

=S Dl g ol A s S b)) pogas
5] 05 3 oS Ll 4 dag b aoplply Casl 00
5 sweins SOl (g ks cladlyy ms (S
28lien 51055 3 lodag el Sl dtne pl 2 Sge Jelge
Sigd ¢ fee Jolse A (e Gimoh cnl > plpl
A g 85,5 518 bl 2y9e ddate ) (dejnj slac]
@S rizer W05 Ay i) sl )9l

235 )1 (s 2598 0yuile Nix g 0 ile 93 (slasby)

g, 9 290
axllao 3,90 dilaio (A pro

A5 53 @0 gl ATV Cannog L adlllae 390 ddlai
alodsb n )b gl 3 BB sl o s>
sloye g daady OF Vo U oasp OV Ve ol
Bly 4y a0 YA Fe U addd 9 a0 YA ldles
dilaie (pl (SO)L Al Ve bwgio () JSS) Cunl 00335
asd WUF o gl o Ske o Jue VAD 3gas
AY dgas ol AVl s bwgie e g 31,5 ke
3l Sjle pU b adate cpl (cwlidope; sl yioddeo
9 S Cuegdyd Jold (npj Wi aw 4 Glgd
g St dwle ggiwcduw Jold Sle iSu ew Jed
WY SiU o) Sl Jols (SBs8 (i g juw (o Jod
Al aglaie cpl 0 ewid e e el Kiw S g
Dgye0 sl 4 dcgion L gia ‘_;)b)go)g? Candy
@F G &S S by 4 6399 o Slley
S99 & Al o LS Yl Cowl 0050 )5 By 535 5 Cubd
G Jls b,y s s samd L pB)l g Ll &
Wor-ov Jls jo asbyp Jo5 gud p o5 WF-0-

83095 Slaptans (W) glads )y slagmdle 5 sl
o b byl 5 I tngsy sl ledses esliel (YD)
230y by ez sl (595 > Sgo Jelge g loaing
@ @lidn Oy e plil b pbsl (8) ollSen
9 4l ang (V iplS dw Jold ()9 (e yolate
2 Oliid b oyp (Vigldbie gy olde )
o3litol b i el daasgs (¥ 5 ciliseo (slopoliio
) Wil 31 cghadlazo 5 1, olélis ledb] gt
Sy b Al 38 (iagh 5 (B) ylSen g 231 ol
I sol oS5 5 9 589 Gl & ldaly ol
sy | 905 aed Cubly 229 (e (sl Sy
sed ds > daled e u':’ﬁ)_)" odlaiwl b (o) ojlus
e b gl 4 )8 oyl i sblie ) (6)58
Sdigg > by ol edlial (gglSedly (sl b,
5l oslizal b 4 Ly ol o1 a8 IS, judy s
ly opite x> oty Plus gy sslSodls slaishy,
Losls 5 rmwg o> Sl (St Jde o g 905 >
Dg0s &3l
sy jl Sy joul o gz o @y glacus
by Cusdye Cle 4 & K)o Jlod 4,58 Gl
b Geejpj ol Sl a0 lacudly Jdw 5o 5 595
929 Geeini sl b e GBI g s
S Ol o5 Cunl ol dage by lagiagg s
i g Jusis Sl ase gl e &
51 el 433l il 8] el o b gy slmcsls
2 Goins sl sd (i 2l @ig oS> sow
Cpndy 3blio (S5 ) 5 36 (LolS (Blpss ass>
Ol by S5 4 Sogllas (gblie (S 53 5 Sl
Seibdas 5 Sutd gblio p w5l Ll & 4095 b o
4 Geiny ol gyph 4l (Sl w

ole ly malitee g g oo gy S O (Sl
S ol cf‘ﬁ WPy ok onlply ke ()9l
S cwl ol (EC) Syl ol plie b))
oy ol Gy 4 Cawles 3l b (6ol

aadllas 350 dilaie =V IS5
Figurel. Study area

oals
Jo Ol p oS cul Game dels dlge IS JlaEe (g9
P e GSel jpa> Gl 6 pSojlul L g Wedi e
colia byl Ll gd dusbre losdiue WLlg5 0 O


https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.1.8.7
https://drnl.sanru.ac.ir/article-1-143-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2026-02-01 ]

[ DOR: 20.1001.1.27174425.1399.1.1.8.7 ]

v

o5 (85 5l 0 bl bi) g (iein el
Jae gl AIC GIS J58le s 5l oolil b sl (o,Ji8 56
O Lg)‘L.:cJLaT
d.l:a'm LY d‘?""
(FR) " (5193 Camd (s,

ol Jld gandigy lp & opite 9 slagty)
e SGFR () sl (FR) (Slglho s (b9 095 00
Sewl ole FR 4l oS cusl Spa JB g ool  Jleis!
g ddhio IS Colwe 4 dadlais S 50 oty Colis Cund
So sl oy gy pae b gsdy Jlol Cond (pimen
33,5 gl (V) dbasly bawgs Slgi o oS 298 0 iy (S
¥)
LSl => FR () akal)

L oS Casl gl Comi FR g Coplas a3l S
Wl o Candy (Y=F) alal,
(¥ aai)
Npix (le)
i:lSXi
Npix(xj)
Npix(xj)

FR =

j=1

X byl 5T o) 53 489 Sl shas N (SX)
X yahly oY 53 b Jusiy JS 3has N, (X)
X il (sl oM sl 1
2 ol 5y50 SEMl cloaY plos Jlglyb cunsd (5
Y81 JEsl L oss dwbee JuST p adlae o,gl
iz sy slayig AICGIS jlisls s & Sluslxe
el dnlgs Cund s Sl Al Coles ,d g ze
S " g bl paslds Jow

sshaie 4 (Ve ohlen 5 iy lg) bawy Joo ol
B3l SE e 5 s Sl 53 e sl Lilos
o515 G S S )T L el S 2 (S5
Coody Al JS' 53 31085 @515 0 ylai 3590 (IS 53 0l
FoS gy 3y90 2155 3lass oM Sy ey e
S azsliy g sho 5l 28 ol o9 43k it Jloy s> |
adlaio > ol Jlop e Sl it i 3)50 WS 23,
oo Cundy jhio ) 55 Jlai 3)50 WIS (59 AL,

-
W, =) Iy Ry e sy
f A A

j ).‘.‘.ol)b 5! i dddo 4y o 0dld OJ9 Wij
J eyl ST oS 53 89 bl o515
a5 e b 1 T
2 i sl @)ss b gble colus (A*I])
J el 5T e
J el 5T o) col Aij

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

o cpl 55 ol Jgle dols Slgs S 0siiS puSixie
Capte €805 YA B YooY Jlo 5l 1, EC claels
adbio ) oly WYY dlax 13,5 (gyglaen olpl O wle
Gl cuaS glaodly & cawl atily dgg ddlllas )90
EC alu e xSle 53,8 (6 0l 1y ixapn;
J)9y° ual.wl » W Ml?u YA JL» d‘ﬁ lml% d‘)’.
Veoo 3 he EC plie wdply Cose o5 ke
st & Iy nlial Ol oS ol (o oS
Solel Gl s g A8 o At p Caino w0y slaodlii]
Veoo boly bl plplo (VY)) o conlie
ool (13,5 b (I BEC (sl plo sl p (puienj9)Sse
Silodde slp Vg o plie olaidl g )9 p g 55
485 5lai )3 (o 9 slaiy)) ez sl )98
Slj Sy opsie L sl Giledse Glp A
A b Jle (935)8 e (Sl colia glaosly
WP
Siwdae S b e SS]

'y (RFE)' iSil (Shy Sl g, 5l adlas oyl
and bl p badls Lol oS obal 5 il
Gl b odlatwl uejpj bl Soo s chaid
g b o Cwl ndle (6150b by S (ISSL (Shy
bl obel Jhe 0ailS e gladegene pj 4
ol gk 5l gl e g Ao aBlas &g
omte ool LS Jae ol Dyl cundy b Sy
o5 SollS (dniie 9 3900 §ilojl oS o e
Slbdcgozo i ojlul g Dl gy 0 ol FCuenl
Siloaie ¢l Gl olye 4 Sy 0ld ot
03 yiuS yohay (WS Jh Bl () 9 walals Jae 3 Slee
)8 edlitul 5yg0 ele caliste (sladine) o Jdo Cile p
ot pshie 4 gy cpl ) rmen 0,5
sl e Su)y Gilwdse 9 Gunjnj sleel 53
b9y o5 Ll el adyS I3 osliel )90 (dejn
Sz oy Sl 25 S S5 (Shy Sl
iopl yoogde Dgd o oolaiwl ol Bjsel (sl Boles
o b gblite (oxiwjliel (olul o n S o e bl
R bl y oS gy 5 oolitul b oS0 s o Jgb
A5 pls] 3.6.3
o pad L Sl glaay¥ adid ans

ol opsd s e Jeloe o) elaie &
il (Shy dw el p Gl sbygSB (dejn
y 8 QB! e g (g eped )3 (g badpe
oyl 5 Aol gl eloysSB oll yped
oo alold o 5 cladal )y o Sd (gladiS o pugol
slizsl (BlSng Cusby padls S g9 (el
S o8 Ol (Jdgp slissl b il (NS
by ol (SB 2l 608 e b ol
ein) ol maw (gueip; slacl Cél o2l
iy el g jhd 3 e slayeSh Gy
Sr9h Sty 59y 32 IS 3L slaygSe g 5 (e

1- Recursive Feature Elements

2- Frequency Ratio

3- Statistical index model
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2- Classification and Regression Tree: CART
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Figure 2. Groundwater salinity hazard map
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Abstract

Over the past decade, the trend of declining water levels as well as declining groundwater
quality along with quantity is a major issue in water resources management. In this study
frequency ratio, statistical index, weight of evidence, classification and regression tree (CART)
algorithms and random forest methods were used for groundwater salinity hazard mapping in
the southern part of Bakhtegan watershed. After considering the salinity threshold for
groundwater (EC<1000 pSiemens/cm), As giroundwater salinity map, thematic layers of 21
groundwater salinity conditioning factors including altitude, distance to anticlines, distance to
synclines, distance to salt plans, distance to saltwater lakes, distance to dams. Soil salinity
index, topographic wetness index, curvature, plan curvature, plan curvature, flow accumulation,
flow direction, slope, aspect, land use, soil type, climate, land cover, groundwater drop,
groundwater level were prepared. EC data were divided into two categories of training and
validation and by comparing the salinity map of groundwater with 21 independent factors; the
weighting of two-variable methods and the parameters of multivariate methods were estimated.
According to the selected factors in the southern plains of Bakhtegan watershed, the results of
this study stated that altitude factors, distance to salt plans, distance to synclines and anticlines
and distance to saltwater lakes are more important in the occurrence of groundwater salinity in
this region. The results of validation of bivariate models estimated the amount of area under the
curve (ROC) for frequency ratio methods (0.923), statistical index (0.905|)1 and weight of
evidence (0.908), which indicates better performance of frequency ratio method compared to
two other methods. Also, the results of multivariate methods showed better performance of
random forest method with matching coefficient values (0.91) and correlation coefficient (0.85)
than CART with matching coefficient (0.89) and correlation coefficient (0.82). Finaly, in any
research, the efficiency of the models depends on the appropriate selection of the effective
factor in the occurrence of the phenomenon under study, the quality of the collected data and the
quality of the maps used.

Keywords: Conformity Coefficient, Curve ROC, Groundwater salinity, Multivariate methods,
Random forest
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