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ABSTRACT

Background and Objective: Preventing soil salinization and managing agricultural
irrigation are highly dependent on accurate soil salinity estimation. Conventional
methods, such as laboratory analysis and field surveys, are inadequate for monitoring soil
salinity due to their inability to keep pace with the dynamic changes of this phenomenon
and their associated high costs. Additionally, the methods used in assessing spatial
changes should have the capability to respond to new questions and developments
occurring in this field. To address this challenge, satellite imagery emerges as a valuable
tool for continuous monitoring, given the sensitivity of electromagnetic signals to soil
parameters, particularly those in the surface layer directly linked to soil salt content.
Numerous studies have been conducted on soil salinity, yielding different results based
on ground samples and satellite imagery. Therefore, the attention of soil mappers is
drawn to employing data and techniques capable of ensuring sufficient accuracy and
reliability by eliminating image errors. Given the significance of this issue, the objective
of this study is to evaluate the relationship between ground data and spectral indices
extracted from Landsat satellite images in Bonab County.

Material and Methods: In this study, three types of data were used: Landsat 7 and 8
satellite images with a 15-year interval, DEM imagery as auxiliary data for
classification operations, and soil salinity samples collected from 74 different points at
500-meter intervals. These samples were collected from a 40-square-kilometre area in
the fall of 2014. To evaluate the statistical significance of the relationship between
ground samples and satellite imagery, 12 remote sensing spectral indices were utilized,
and after necessary preprocessing (atmospheric, radiometric corrections, and applying
a 3*3 filter), the corresponding spectral values for each soil sample location were
extracted from the images. The performance of regression models was compared using
both original and filtered images. Subsequently, stepwise regression was employed to
examine the relationship between independent variables and the dependent variable.
All spectral indices were included as independent variables in the model. The results
indicated that among these indices, NDWI and NDSI had the most significant
correlation with ground samples. To create the soil salinity change map for the years
1999 to 2014, ground samples and the NDSI index were used. Additionally, using
DEM data, ground data, and Landsat 8 imagery, a maximum likelihood classification
map for 2014 was generated.

Results and Discussion: Regression analysis between EC samples and spectral indices
revealed that NDVI (0.45), NDWI (0.37), SI-T (0.43), and NDSI (0.41) exhibited
stronger correlations with soil salinity compared to other indices. The use of filters
improved the coefficient of determination for these correlations. Additionally, VSSI and
BI indices showed the least significant correlation with ground samples. The soil salinity
change chart indicates that in an area of approximately 40 square kilometers, the most
significant soil salinity changes, covering 3.53 square kilometers, occurred from saline to
highly saline land. The maximum likelihood classification map for 2014 shows that with
the drying of Lake Urmia, the trend of increasing salinity in the region has intensified.

Conclusion: This study utilized Landsat 7 (1999) and Landsat 8 (2014) imagery to
assess the relationship between ground data and spectral indices and to produce a soil
salinity map for Bonab County. The results demonstrated that all extracted indices
showed a statistically significant correlation with soil salinity data, with NDVI,
NDWI, SI-T, and NDSI showing stronger correlations compared to other indices.
Furthermore, the results of filtering showed that applying a filter to the index could
improve research outcomes. The study emphasizes using satellite imagery for ongoing
soil salinity monitoring due to its sensitivity and adaptability, outperforming traditional
methods. Significant correlations between ground data and spectral indices like NDVI,
NDWI, SI-T, and NDSI underscore their effectiveness in analyzing soil salinity
dynamics. These findings provide valuable guidance for future research, advocating
for filtering techniques to improve accuracy in assessing spatial changes in soil
salinity. The findings of this study can serve as a useful guide for selecting data and
satellite images in similar studies related to spatial changes in soil salinity.

Keywords: Spectral indices, Regression, Remote Sensing, Stepwise, Bonab.

* Corresponding Author: ahmadloo@rifr-ac.ir
DOI: https://doi.org/10.48308/gisj.2024.234675.1202

Received: 2024.05.07
Accepted: 2024.08.04

@ @ Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions

of the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


mailto:ahmadloo@rifr-ac.ir
https://doi.org/10.48308/gisj.2024.234675.1202
https://creativecommons.org/licenses/by/4.0/)
https://orcid.org/0009-0001-8858-6215

YOM-FIAD & Seig 50 LLs ¥ + - A-D955 1LLs VFF 3l o oylad OV Jlow ooyl GIS g 590 51 Ghorsiow 4yt

Sl b e (L1 10 S (5590 Ol i’ S 5 ) =
0} 9 Sloylaale glaosls jl eolawl b

399 3l i | s
¥ . .Y TN e ., V. . ol=IGISE ‘r‘flj
23205702 8555 ¢ ¢l (ol Tl S 54 (o ygl (e 00l o L . -
ouS> Cotm
69 385 050 & (5l B3| (55,9L8S (g)lel o pie 5 S (a5l (6, Ky 1 B0R g Al olfails sgeloizl ple dasails )
5 S o il 6l (e sloem, o 2lialesl o) gl 5 Jyene sloss, 5l eslitul .o s S Ol ik kool gide
oy s ol pendy 1 HF sloanie 5 ) Jletea oy cnl JelSS b b 1) el canliol isrb lio 5 6 )slas sustails Y
24| s Vg g by 4 (2557l D508 b USe Dl b)) 50 ool 000 slahy, Ol e kel Gime olKails
Uity |y sl g oo 5l (slolgale gl 5l oolil oS, 51 So axil aLdls was oo &) a0l célyo ol o5 slas” suslasls .V

LY gl 0 S lagially 4 glojlsale gla i 15 03, )5 a4y jottne & la3 (6l a8 (53 Ol 4élpe
ol (6 s Slalllns (ST (5555 350, S Eumlim sl Lai o S (lsima b Logitions a5« oxlans
Ol sl ool s 4y Falitte gl wslitil 550 (glojlsale yslai 5 e Glodige Lpluly g oais
Al oyt (BB Como g s ) pgal glallas Bl es Wilgy a5 LSS § bosls (5,5 Sy
L)l omsn 9 Gl GRegn ool j Bus ggdge ol Cueal 4 a2 L Ceal ST o patdi 4255 0590
el bty s 55 et gl fplo syt 3 sl sinls (sl L b ige (slaosls (pm
LjiLo)' aols LA 9V Cawad L;lc)lybLo ).15‘..43 2y )5 A ools 9 dw (gl Q-L‘ B :'.Gsufbg) 9 é‘,a
VE 5l as S (5,00 sladigel uizmad (suidids Sllas )0 (S Sols Ajeay DEM s llessily
o ol ghilie §) baige cnl wload gyglaer o ienaly SlSe gloalols 1o 5 gline i
3eslolgale nolas b (owej sladiged (5)loline (g (lp load Sulloy VoNF 50l 5 g postaghS
9 709y (S hmnedl) £3Y (SISl 9 Saml 00l oolitl )90 5l i (il (e 03jlg
Sliigy Bkl yild Jleel 5w 9 S polas ol zl peal EC polie 4y bl polie (FxY jild Jlocl
s3ie g Jis Slopiie o DL ()0 sl pE2pE g S5 g, 5l sl il (g 30 S
ol as ol las @tJ (00D Joe 3y ¢ SR (gl puriie Aoy cu’_a.Ja Sl asls don ol oolaiwl aily
s A58 495 (glys ) e slodiged b Iy yloline Ll iy NDSI 5 NDWI o aslis oy
L omizmon .ol ooliiwl NDSI asls o (s slodiged 51 V-1F B 1A gla Jlo 5)90,0 S (5,95
Jo @y Jlexo! Sl gandib dai A ccwsd pgal g (g slrosls DEM (glaosls 5l oolainl
KWV R KRN

NDVI gla aslis a5 ol ol b slogasls § BC laaisal r (gew,S, Jolod ieomy 9 qulid
G55 b 63 obias L3 daaslis K30 b b3 43 (- /FV)NDSI g (+/FV)SET (- /¥Y) NDWI .(+/£0)
BI 5 VSSI sl aslis ogdleds anl sy 99ue |y bl sl ot > il 5 soliz s ST
dalaie ;0 a5 wa o Lis S5 (5,98 Ol sy laged .isly (lis sy diges L1y (olse L3 oy eSS
YXO s & bope 6598 Slaid 5l Cot Colun (it @peiiagk ¥r 3305) alhe 350
w3 ge oLis VY Jlo (ol Jlozo! iSToe (gonail Ak .ol 009y 550598 4 198 o2l 5| a0 yioglS

el 00l oS ddlaie (0 (69 (il Wi, dueg )l Al o al S L oS

S (55 (sloosls b (g folins b osbrl il gl sl an ol olis Ll ool gulis 1 a5 i
Sl cyizman o3 b5l S0 5l sz NDSI SET NDWI NDVI (gla sl 5 bls,| ol 5 )l
ool aslllas ol aisey Seups |, (idgh s Wilg oo azlis (g, yibd Jleel ols las L8 5l oolanl olitw!
&y logis, 5l kel cnl o 5 ol 125 300 a8 ST (5,95 palie (il o slojfyale gl |
NDWENDVI sl o sla sl 5 i staosls o 425 S8 losfimas ol o osSs 505 0 7
olaisly sl ) 45 g0 35BS 558 Sl o 9l st o NDSLy SET 70 T
) 0 S8 S Hskaied il SlaSiSS Sl eolitul g aLS oo ool (ST Dliiies (6l gt sloosls 1 ool Ly by ol g
By e Slilas o lyicos |y Gos ool ADI et e pe |y ST (595 5 JiSe Sy '

5 L 10 o0 cglefsnle psbas 5 lesls Ll (el (sisie cglaial, S (g5 ASe i

o oS i a5 w00l o>

Sl s 2 5 Sl lpale
Kol Y Jlw L GIS 5 59

ol Stepwise «,g0 3| Lo (yamm S, (sl sla sl (guudS sbojly AFA-II N FF ol
AARAVER TAVNRRX MR h5_khavari@uma.ac.ir :5l515 ,lseage odiy g *
VEXONE ol https://doi.org/10.48308/gisj.2024.235513.1217 :2¥lae Jlows awliss

@ @ Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions

of the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


mailto:h5_khavari@uma.ac.ir
https://doi.org/10.48308/gisj.2024.235513.1217
https://creativecommons.org/licenses/by/4.0/)
https://orcid.org/0009-0001-8858-6215

Ol Sen g 00lj,0.> Ly

ol g L s S 5,58 Sleis ;)

Khan & Sato, 2001; ) aas &l )| euds s S cals
bl ol 5l sl Jls,o .(Jiang & Shu, 2019
sl asl b glg il 150 5 Lo lsosls
&l doolgale 5LsS slasil oS 5 5l edwlcawsa
oo o8 sola il (S5 (6,00 glaa b &g
St eeds Lot ol 38 ol 05 oo

S sl (Shs @rdmss Ly b s Shs
Ll ( Jloplls (Azhirabi et al., 2015) ol

e Gla Sy a0 5l o glaosls leolat!
zobw o ol 0529 i el lacusgass
sl plasS 55 (omb L YL Jlw )98 il
G5 Sy5,3 (ebre (e 2S5 Gt
Douaoui et al., 2006; ) el Sasls el SLs
.(Hamzehpour & Bogaert, 2017
. - \ .
Gy s sty ;0 (VYY) Lo g g 1B
5SS ol LSa VPO S xhaw
Iy S 3 ‘6}5).6‘5‘93‘[_31&}3_&]4;46)0 o
Sloylgale polar sl eolatwl L Lyil ass,s b))
WL.\_Q ).:ol_u M ) 5&-;,‘_»5\...]
i ool § S5 diges VFO ((EC) Sy 2]
Er9s® «Sro Sodgazme ;5 yiia YT Jald )90
o9 Sloaslh g obsS aasl & mgyd 9 S0
el b wss S b |, S (6,0-d (LS
del Cws 4 SWIR' wils 39 590 3 o slaosls
Sloylgale polas 5l Lol sl Jae Ll (R=-+/FY)
g bl SLS (6,90 pusd o 1) SLS s
o2l Jelse 5l nglad ol £9dg 5 b (S
il Joe (VYY) L San 5 315 s b e s
ol sbas sbosls jloslaul L], S (5,90

1. Kilic
2. Electrical Conductivity
3.Zhao

doddo —)
Bblie ;5 o5gt (g § S5 (Sie SL- (5598
ool 6,505 Jgame 5, Shoe g a0 SLs
D9 y2ke (it et P Ay Zlid 0 § 908 o
v, (Allbed & Kumar, 2013; Battay et al., 2017)
Delavar et al., ) Cul 009 dilis jgl> 050945 5 Sl
S bl 1) ,5iS Coluw i aSblsl (2020
IS oy 55 Jalse glal om0y palasasy
el slacem 55 5 (62 il 3 atox |l
A0 ] Sadds g iyl 8 Sludl slac s
30 b je 0 Lo ) Gy (oo Yo
ol oy Jlo ol el 00 28l 5588
Cupies g ormb Slaas e y0 LS bgy oSS
Ol o (2l sl 5o )bl clial
2l 6,00 gLl lages) Coy 2R in
.(Jafari & Rostampour, 2019) cwl ooy g5
Cdydiy 535 sldans (o (S (5)5d gu i
S ) S (595 (G @i Sy g adls (oo
(! (Akramhanov & Martius, 2006) Cewl soisn
05l bl golazdl Loyl s Ygane a5 bl o
S0 maiged laaslyy 4y audly jolais] slaazog
Sl sy sl Gl Jlowe S350 5 G jsboay
taelonl g0 Sl 4y ldle S0 S ollas e
@er 9 it (Nl ales Sy, aob Gl pls
Li et al,, 2016; Scudiero et al., 2016; ) wig—s
3 o 6)913_'9 .(Hamzehpour & Bogaert, 2017
S ot = oyl Gl sosr0 ol @ 590
Oley 4 Suop Sledl Wilgs oo 15 el 00l baus

O y9—0 40 |) J.u&..: E)LA.:‘ ).:‘SM J.AT)[S )LMJJ-) 9 (52.9‘9

OIRIGIS g 590 3l Gioriw 4 pld
VEF sl X el Y

AR



Ol Sen g 00lj,0.> Ly

ol g L s S 5,58 Sleis ;)

45 3,5 955k bS Geizmen i Soduzy s (5l
N ;S (S g il ool sla Joe
3 ooliwl 4S5 5,5 0 ST godios ol aumils o
Algl o yidion Slaus slrosls g Dglaie slo g
ALLSen 5 oyl oS oS Lo e S5 Sgags 4
Sl Iy A _ecwaid §lsale slaosls el (Y- YY)
G Jad b S a5 gsd Gl 5 olelis
3,8 ey pan Grbled )0 SES g b e
5 wsbye Slej 85l 90 50 1) SLs Dged sl Ll
sl o 0523 )3 o3lail 1) (BSP) Jols myaws oo
9 S 6[.@:&1.) )| oolazwl L: 6‘4.1},0 ‘5'4.‘> uﬁ"""")f)
cpolio ol s gl woylgale slausl Ll
Al as ols lis bl ol o, liel 5 aslo
lwools a5 ols (lis alae o) .ccdls  osllas
5 oo solatdl g 335 b 4wy o slo)leale
(V-YF) LSan 5 colel S S8 S oy
(olar JX2) il 6,850l v, 4
9 S0t Slp (CannsS 9 (JlsS 9w S, Sz
oolal lads liwl jo 08 S auje8 dulie
(sl paoy Sledbl 5l g3 imgh ,o Ll s S
S w00y 0540 (swlidlen slaosls 5 590 5l romiw
om0 ) oy Ses (e JolsS (g S
el 138 e il B0-YD Ges ;0 (S (5,90
sl b jo aS cowl bl jl das)l dxb o
Sizd 2ol ol il ool axlge )] GlLbI o) 5o
SLoies) eped g adilaie (glod oS 1 5

1. Singh
2. Avdan

3. Abuzaid
4. Emami

g dald drwgl (> oy Sl S dalais (o
S 6558 osSre slaoe gl s 3 (gjluaiee
(SVR) by )l (edle (ygam 5 ) s
Sy e 5 (RF) o | S
|, (ELM) il (6,50l oo ile o (BPNN)
losee; gl ELM e a5 ols olis b axislo
= BPNN Jus g clo ) 0, Shoe 00 20 2L
By Pl (BLS bs S (55)0laS slages;
3 s Gty Ay |y 58 ity aallhe o
Gl bl 5o (5508 J5uS 5 S (555 (wsSne
ol gladlie |5 (Y YY) ' K . 0iiS o ol 3
oSS §l ealital b ) ST 5,58 Sl ke
St dalllae b gl 23,5 (o, 2 GIS 5 598 51 (homins
SLS 9 St S ko & e gote V-
L) 0siS ao Sy Sl 5o )l o) Lble Sy Sl &5
PSRN EPIOE IR PG PO
Oiored g S jlaone Sl 9 (53,9l8S Sladgs
23S eon ) SLE 60 50 (el Sl S
490 31 o la il il 4 ol s S
olels STy olasl sl Slos (69,50, Wlsi o
L Ll ol ggte sladarone 3 o502 ol p)o
robal ol Gl g (B zgoy wile (plaillr
3 G slagty) e Sd iy Jocnll el a2lse
Sl lolid (Bl Wlgs oo (531> g 590
S al 1, S e s LS
Copde & Wlgi oo B phoy (nl 45 05 (6 S A
s il sl SLE e 5l 5 e
SlosSies ol 5 e (glaools 51 (Y- YY) ol Ken
5 ¥ it A e alaz 3l oslolgnle oglita
dawgi sl (Y SLSe z3—24 L) PlanetScope
a50,S eolaiwl SLe (6,98 (e slo S
L YL Sl 05 U slooots alliae (] ol

azx STl bl @8 cwiin sl adg

O RIGIS g 590 I yhomiuw & plid
VEF b ¥ o)l Y

\YY



ublio& 9 oo‘})AP L.:;

ol ol ol gs'b‘)|)‘> S (6,98 Ol s ‘5.:[._:_)')|

ably digw 055 sloaials Cewa il jo ulol>
94885 0N g 4> ,0 FO s 0ogummo opl .ol 0
5 Sy A YD gas s oV g a0 TP L agl ¥
VP gaz 0¥V LaibV) gaddolr gaz,o VY
Ol e o)l 1,5 (Jlods (20 4 VA 5 adSo
o sSin ol e il s 55 el
slos (pS5le g ,o o YEFIVY ] o LIl
Slei! 55 .l ol 5 ol &> 5010 ] B,
hishacwl e e VIV e s adlaie jo
5 ol Slgm) jlaslllas 950 dilaie ((ISLb s
Hamzehpour & Rahmati, ) .l oo JSis L
Ay 9 Y o) la i 0 asl pl Cuxdee (2016

el oo L) Y S o Lhagh Sl JS

faov Yo

frov YYnE fao.r vE aao . np Fa0.1 wE

29 Go5g o)k gite 18l ezl yo Bkl (65 glas
Bgd o lga 1o Sad )3 &S5 > cel wglate g
SU s Glog g0 plu g bl Codls (gl )3 ]
=y B=i>d ol Bas (Ghale et al., 2019) <l
Sl Wl Sl (5,00 glsj g $lSo Ol jmss
el el (el (gl .l (Slolgale (slaosls
loools I ol SLs (5,90 4 il priwloro
Gl 95 gl slaools 3l oslaul b cjgo 3l o

Al gy ol a0 4SS pl )l Coenl [l

gy 9 Slgo Y

aslllao 5,90 dibaio —)-Y

o =Ll Lol acis o addllas o )50 dalais
Glaslz o5 ol @ dled 5o e VYTV

YACS YN

ETHEE S

Fyop i

kS

O RIGIS g 99 3 o & b
P b ¥ ol Y

\YY

PO T



leia.msoob')..\pt.:.g ;‘:LL.:QL';M:).Q‘,Z‘S,A)UQJ[}L;”& Q|):.:_§J g53l?.})|

aslllas 590 dilaie o (S (5,05 Db, 50 colatul 550 o) slodiges ¥ S

283 31 o 5183l b dng ) A2l )3 Db 13 STk (900 ooy 0

(51 5al y1gbad
1 1
[ OLI C...\.\J][ ETM G..UJ]

HoLad (55318, ly

e

v

US1 (5553 SRS ont (Flovrad (g0 1
) shdigad
[ S 555 5UNAlE &g ]
v v
| e e | o

S ForE-1aa gl | JWBUELLIBLG | (grepwise) sl

SRy gy Hloged Y S5

Ol2IGIS g 53 51 Shominw & pls
P b ¥ ol Y

‘YWY



Ol Sen g 00lj,0.> Ly

ol g L s S 5,58 Sleis ;)

O D9 00l 1l yad 03 gd 5 il
J5 5l eaxals 1,8 o e oy lrosls a5 glaalais
Slwomal glai (5jlop e lp g 0b o ddlaie
5 ENVI 153l 5 5l oslatal b (g 5mnil 5 (S5 g0l
—8 g (Aghaei et al., 2019) FLAASH s,
b Jlecl (Pujianiki et al., 2021) YxY' |45 0l

A gy ol gwaid Slusral S8 wogdledy

299 3| i SBEASLE 1 yikid Jlasl )Y
solae o SLSU Ol s B b pgal g5le,lgen
L Tl AL Sl oias il 5o el Sy
ouele Lol el ol oolatnl WX 6 ey 551l
S Sy i3 oSl b Sy ke 3,5
@ Joe (ol S co Joo )] GlLbl 8 i 0 alan
5 (o S50 Olosd) YU uilS 3 sladlge B3>
2 (o055 Olpesd) by (5 3 slaadlse Lo
Jlec! . (Pujianiki et al., 2021) 54 oo yoxie gl
oplS 4 o ab polide gl sl 5l i il oyl
Slmosls s LS| s a9 4wyl ol 3L

S oSS ey Sldigad g glolgale

S gy gbesls Slowe gbraiges —Y-Y
6‘0)9.ch 9 w) sals A )‘ ‘U’“’Qﬁ)_’ U"‘ o
S (g5 9500 Lagl ey bl )| (s 2 6
S EC il (o 80l sladigoes .ol ool
laalols o (glaSis jobbds a5 wivg alads YT Jolis
L glaghaie blas pl oo clls e daily S
S 6y Sl (bl 45 Galiow Boo 4 ax g5
e sasclls S diges EC i 3l !
LL & .cwl ooi oolul C"l_"’ G’l_’))‘ 6‘)—’
SleMbl g ¥V Sl 0 S (6,50 slp (6,10 paigad

Dgds oo sadlive V Jgaz 10 due) polie gLl

Slojlgnlo godls o310y ghom g bl -¥-Y
AoV Gl polas 5l S 5598 Smiin ln
Cmmrd 6‘0)‘5.Ql_n ).aﬁl_»aa ‘\A—A—" A eolaw! Cewad
(5)_~06~4 DEM ).:9@ 9 (ETM 9 OLI L;‘LDOJM)
leday Glojlw culw 5ISRTM saizew
sols ddsiedy DEM pgai .ol aygs (USGS) IS .l
S Gloylgale pglar ganmaad Olles jo (Lo
B el 00U UL‘" Y J5A> ) )J5LGJ Slasein us)

sy polie (o Lol Sledbl Y Jous

Sl Sl il FSle> Jolao Gl oy )90 i
Y-/09 ARRYIN < YY VY EC

SE 6)ps Dlpsd el o b, S lojlgale pslai wlazine ¥ Jguer

S S wyad @3 BEN &b o,lgalo
Y- ¥ \PA (RS RVARYAYS ETM) Y _cewad
Y ¥ \PA YNSCANY (OLD) A _cewod

O RIGIS g 590 I yhomiuw & plid
VEF b ¥ o)l Y

YO



Ol Sen g 00lj,0.> Ly

ol g L s S 5,58 Sleis ;)

Loyl & a S Sloj o5 gd ¢ Jug, opl (Lillesand, 1991
el 8 G 2 el slaodls (sl Jloy s
coolslonly (Alavipanah, 2016) o )ls 5,0 osllas 7ol
Soslaez (LS ;o sl 5l 0)90 (SD590] ladigas
S5 g5 0 ATy S, b 4 4z Lt
052, Jo &Y (Yahiaoui et al., 2015) S (5,5
A cgorme 4y oS SMbl Wil ey (DEM) glis )
9y ol al s 9 0l 03938 b slaosls
Lo wwolys,s o plol S 55 Bols dcgome oyl
chwgie 6555 05 Sy98 W Loz 0 S 6,9
oo 9 883 0D o obj e (555 5 9L 590
S35 ey shoosls jlosliinl L 5 ol 4o

35 8 (bl 350 (S

ey g s Y
(F USL8) NDVI (a5l (s oy el ol
Jhasl 5l m ool cows an 1P ild el g0
4 e o NDVI (a2l (65, 535 Gmaly 5
e S o RS 3| KON | G R PSSt A
L S5 sloasigei EC polis g NDSI jasls o
NDST ol ol 0 00ls iules (ygmms S b,
aol S G TYA e ey b 2ld Jlasl (90
s e oty el S oty Sl Sl o5

el il LY

b L dswlxo -Y-F

SE 5,58 ol 03jled (S (5,58 di A sl
S8y LS a0y oads eolaiwl Ko Slallas o WS a5
Zare et al., 2019; Shafizadeh-Moghadam ) (¥ Jsu>)
,olaieds (et al., 2022; Naseri & Mostafazadeh, 2023
slogasld jl bl e Jlom nolie 38 b3k
S el o590 Slinb b ud odliiul (5,50
Bg (gdudiwd BC polie o blis JuSy polio
5 0y Sl ol s dlad ) (538 (gl «Zaledyo
Ll Gge 3 ) el eslolgale pglas (sl polis
(Gorji et al., 2017; Abdolalizadeh et al., 2020) s—_&
oy bl pil glapatll 5 (due sladiges sl
A 2l il Jloel gy (Ggew )T, o503 5 (e
2l 5 9 JLoel 35l 2 o a5l 555
ol ys ioled 4y Jgaw )5 ) sladlolee g asds o

Jis | GSlas gacvainb -0-Y
SSlas saden Ly ganddds o o) dslllas ol jo
RS IS PUSK PNEPETE 3 Uy Yo
IS L ety oy il asle) (6,5 g
Al Jdoay Jleizl sSTas gy ediyls 0g2g ( Bolas
e pled o pleasaldl ST 5 cudlas ( SYsb
o besel )90 g Jolatia sl Glizmen il
Bolstad &) 59— o0 gz S il Olalllae

S (5)s8 S Dlss ob,l 5o eolatul 850 sloals ¥ Jgas

o as o Jgo s &
NDVI (NIR — Red)/(Red + NIR) Rouse et al., 1973
NDSI (Red — NIR)/(Red + NIR) Khan et al., 2005
NDWI (Green — NIR)/(Green + NIR) Mcfeeters, 1996
SI VBLUE X R Khan et al., 2005
SI1 VG xR Khan et al., 2005
S12 JG2 + R* + NIR? Douaoui et al., 2006
SI3 JG62+R? Douaoui et al., 2006
R
SILT (m) x 100 Khan et al., 2005
SSSI1 (Swirl — Swir2) Bannari et al., 2008
SSSI2 Swirl X Swir2 — Swir2 x Swir2) /Swirl Bannari et al., 2008
VSSI 2 X Green — 5(Red + NIR) Dehni & Lounis, 2012
BI JR2 + NIR? Khan et al., 2005

OIRIGIS g 590 3l Gioriw 4 pld
VEF sl X el Y

\Y#



o) Ben g 00l 00 Lo w2l Gl yed Lol o S (g eh Sl b))

5 oLt e U oitS S b gy silgie s NDWI (abl (o (e b 50 # S50
B, S 658 i slp 1y s e, Ol ool sl oo ools iules sy (sddiges o
G yo— A o jasli 3l eolaiwl b yuiores o0 550 S b ild Jleel 5l NDWI a5l daazsl
00 o S iy 4 LAl pl Al 4y S ddlaie o o Sopslan .aodl Las I YA 4 7Y
B o5 Sl 655 1555 O Jols 45 el e e i S0l b Jlosl L Slale
S3bie 95 odlllish 5 595 9d ol 9,0l Sdl (l BC slasisai 5 loasls

120
100
80
60
40
20

2_
120 R*=0.449

100 [°
80
60 80
40
20 :
0 3 ’
0 1 0 1 i “:, :
NDVI NDVI_F < o

EC

EC
o

]
)
(NDVI)_FILTER

o051 2 3 4 it
O — —

9 EC polie (o (e S ) Juos (2 9 EC polie (o (ygem,S 5 Jelod (o T
NDVI _asLs NDVIF _asLs SE s ik (Al

(Y VF)EC olio b Slowlbrs (ol Soan slologei s SB (o0 &2 F S

150 R2=10.2872 R?=0.3192

100 |°
8 100
O

o
50 3
o)

EC

o
'
=Y

N o

L, :
(NDSI)_FILTER |~

0 -05 -1
NDSI NDSL_F

o512 3 4
- — —

5 EC yolio (o 555 Sl (2 9 EC polie o (ygem 55 ol (o
NDSI a5Ls NDSLF _asLls S 9 diis (il

(T VE)EC polin b loslne (asls Siean slaloged 5 Sl (o0 L2i 0 JS

R?=0.3417 150 R?=10.3801
150

100 | ©

o

100

50 o 50 o

EC
EC

0 -1 0 -1
NDWI NDWI_F

9 EC polie by (g8, el (2 9 EC jolie (oS Jelos (& S A
NDWI a5L% NDWIF _asLs S 5,9 Lt (I

(V) EC polin b loubre (asls (Siran slalsgei 5 S (5,90 4§ JSb

O RIGIS g 99 3 o & b
P b ¥ ol Y

\YY



lei‘e.m 9 oo|)')A¢.> L..:;

ol b g o3l s S 558 S b5

ool o o lid Geaw S, OVl g0
SISLT (aslss a8 only 5l Jloel b qmlis ol
oL g LY aL /XYY 5IST jasls JFY as /F)

ROW U RREW [ VA & SOV SEEEN 1|

51 eolisiwl Ly SLS (6 59— dumlino Julowi —1-¥
SLT SIS a5Li g ygum 55

Iy =0y slordaiges L ST 4 SI SI1 slo jazLi

120
120 R2=0.4187 100 R?=0.4967
100 2
80 Q
80 8 &
60 ¢ a0 o,
w40 : 9 40 :
=20 20 §
’ 0 100 0
0 100 v
SI—T SI_T_F loos1 2 3 a4 ey
w = " w = " -
SEC polie o gemsS 5 Juloss (2 S EC pyolie ‘s sem,S ), Jelos (o " i
SIT asls SITF asls S ()5 dai (A

(V) EC polin b Sl (asls (Sieran slologai 5 Sb (5,90 4255 .Y JSb

R?=0.2228 R? = 0.2442 - p—
150 150 / @ v
N, A%
100 o 100 ° ' ;'*' |
o 8 8 W
Ss0o| o Sso| o | .;*%
1] ”- R
0 0 ez
0 0.5 0 0.5 e
SI SI_F ows1 2 3 4 b
— i ; - ; —
ST pazlss 9 BC palie G (g S5 Jelod (g | 9 EC ol tm (505 Jelosi (@ o
S (6,9 dnas (Al
SI_F _asls

(Y OVF)EC jolin b slsls (asls Sian lo ogei s S (550 &t A JSb

150
R2=0.2021 150 , R?=0.2222
100 100 o
9 = 8
50 50 o
[
0 0
(] 0.5
SI1 SI_F TR, o
= . “ = w L : _
9 BC polie (o (oS, Juov (2 9 BC polie o (g Sy o (0 Jl> o d“
S sl SILF _asls Sz 2 (

(FVE)EC polin b loubre (asls (Sieran slofoge 5 S (5,90 45 A JSb

O RIGIS g 99 3 o & b
P b ¥ ol Y

VYA




an 5 00l L ol b g o3l s S 558 S b5

D5 HlawSS dgt 3=l i s e by a L 3l eolaiwl L SLs (g =it dwlo Judxi -Y-Y
il a3l VY a7V e IS asls e oy SI2 4 SI3 SSSI _asLi 5 (ygmm )5
0 JS8) g 5ol doadls Koo b b3 3 88 5 gy 5l o0liil b S (5,95 lono ol
olis 1y (e ooty 3gugo SI3 a3l canslie (o \WYE YV sl i o SI2 4 SI3 SSSIT sl 5L
JAY 51 55 SSSIT sl o, 7YY & 701 5l 400 Jlasl a3 imls sl p .ol oals ools iglas

bl sl E e ool 50 e o S Sgt A AT ol L8

R?=0.1023 2
150 150 R?=0.1053

100

@ o

50 o

o
8
o

EC

()}
0 sn 1 SI2_F

9 EC polie o (g5, Sk (2 §EC polie (py (y3em Sy Sl (o
SI2 asls SI2 F _asls

S 5o Lt (Ll
(FOVF)EC olin b slsbs (asls Sian slo loged 5 Sb (5,90 L2 Ne JSb

R?2=0.1968 R2=0.2173 . , i
150 150 ‘ :

100

100 ° Sl
PEE
$ 50 Sviises
50 | o AN
2 o . rr g
0 R0 R 3

L,
0 1 (&) FuTER

SI3 SI3_F f -

i £ Jels L ; S ks R oy
9 EC polie (s g S, el (g | 0a3le S EC polie o 50 55 Sl (0 —
SI3 el SI3_F TR r

(V) EC pyolin b lobre (asls (Sivan slaloged 5 S (5,90 4 ) S

[

o s (all

E —

150 R*=

2 - . Nz
R®=0.2994 0.3213 BT f‘-é-"‘g-’;-' 9
100 i Q* 5o
?4 -‘ . 4

4 ‘ ‘.'

150

(o]
(o] o
100 8 e Y
50 68 50 (o] R
2

EC

0
0 0.2 : e
0 ooy 02 SSSI1_F ] =

(SSSI1)_FILTER :
‘ — ool
§EC polie (o (ygem,S 5 Sl (2 §EC polie (r (y3em Sy Sl (o [P T s
SSSI1 _asls SSSI_F _asls i
SL g5 Lk (il

(Y VF) EC pyolio b Slowlne (aslis Sovan slologed s SB (o0 d2i VY JSb

O RIGIS g 99 3 o & b
P b ¥ ol Y

YA



OhSen g ool 00 Ly

ol b g o3l s S 558 S b5

Bl e Y A GAS Gl il el b
Lol (Ko (2508 BL 5 VSSI sl sl
Oy a5 slasgSay wisle lis s slaosls
sk Jlasl g 05 (o0 51 7aS) yho & Suo3 il

22l T o9t 53 (pgmna 3T 55 535 0ly

3 ool Ly SLS (590 dumslons Julow —Y-¥

SSSI2 § VSSI BI _asLis g ¢ygum 55
o bl g e cu 8 10 9 VF AT la S
SYolre & yg0as 1) SSSI2 4 VSSI BI sla sl
ol gl el aes oo lis Sgew S
a8 bl TNY (s oy j2hid Jloel (g0 SSSI2

150 150 :
R2=0.1255 s
100 100
&) Q
m50 = 50 :
0 0 2 "._;s,}'
0 8% 0.1 0 sssiz F 0.1 i |
9 EC polie o (g S, Juos (7 | a3l 9 EC polie o e 5, s (0 o — i
SSSI2 Lo SSSI2_F T
a S g9 &t ()
(Y- VP EC polin b Sloslre (asls Staen sla loges 5 S (550 diis NV S5
150 R? = 0.0981 150 R2=0.1103

100

050

=

0
0o -2 - ;
VSSI VSSI_F -
9 EC nolis o 0955 Jolod (@ | 0a3ld 9 BC polie (o 9w S, Jelowi (o T T mle

VSSI _sLs VSSI_F SB o yed At (Ll

(V) EC polin b Slabne (asls (Sivan slbo fogas 5 S1 (5,90 &2k N JSC

R?=0.1094 R2=0.1197
150
150
o
100 100 o
50 O@ 8
o 50 o
= =
0 0
0 05 1
BI 0 BLF 1
9 EC polie (s (g5 Jedodi (7 | a3l 9 EC polie (s (y3em,5 5 o (o
BI _asls BLF . rchacat
S oy diis (all

(V) EC polin b loslns (asls Siean slologed s S (o s £i 10 JSi

O RIGIS g 99 3 o & b
P b ¥ ol Y

\Y-



Ol Sen g 00lj,0.> Ly

ol g L s S 5,58 Sleis ;)

L8 Lo asls a5 aisS oo odgi aline slaclisl Sl
.(Farshad & Farzaneh, 2017) axiws L] SCSa5 a4

Ao 3 Jolo LSl (ygam 5 ) gl -Y-0
Sloylgalo g (Slowo sladiges
3 b slaasls (o s alualid jslaea
S @il yesie Ao BC) S (6,08 (S
Py ol 5o et el plaels (yge 5, o)
s slopiie Uiedy ik (als o35l9 (olos
D)gmod i Jos e g ot Al Jaa o)
) @leoasls & 6l jlre olulp g Slotasns
Bis il g oline bl )l S gy50 b a5
4o Wlgi o0 a5 oo 925l gt (8510 5l Ghgy cal S
Joe slaosls dcgamms (0 Crd (i ©508
(Allbed et al., 2014) &S o (5,5 sl doloeiy

oo «(f Jguz) Jolod cnl 2l (295 olol 2
(5 5%e dziedy |, NDSI g NDWI a3l 50 ol
39 ddhaie ;3 SIS (6)98 (it lp by
4 by p-value polde o, 5 oLwlil s
SlgaS o9 c0 ) 5l a8 pasld 93 (nl ol o
sl A7, lipalol el o LT o538 (ool (o oline
Semd OOl s ho &pd bt (gajl o
3l yeS prvalue 3B o (omy 2 sho b 9o S
51y s &b (g on &S Sl (pre (pl v 00
JEe e 4y bgype o p0 a5 C8)5 a5 9,5
et ol rlpl g o)l Jio L g blae &slis
o |y aly e Ol musei olles

& i P plS e S, ) ol ol Joo
el 533
S NDWI oL U Ly (o ,iiocSs) ) Joro @

el Cawo @+ X0 T R) (Stods oy
9 NDWI sla pmsli oS 5 (o,uiiegd) ¥ Jao @
ol olidl « 08 4 1) Sen o o a5 NDSI

1. Pishnamaz Ahmadi

Ot et 9 LGl (L5l 9 oy 2 -Y-F
o) SBaiged 9598 3l G o as Ly
b Bge Sy Jome wglite slaJos le 5o
bt L8, ilw o o YL LUl Jdoa
S elenl Slas ol cawlus 2olS g (5,00 basay
9 Bl 1) e o 2 VL s)9h VL ok
Bannari et al., ) oo olsesl oles Jow ddjiea
9 LQUAD-LM: )‘ ouiu_mbd._: C"L"" ‘-)&JL&.AJ‘)’ (2008
) (Sad G iy S (55 () Slodigas
SI-T «(+ /YY) NDWI «(+/¥0) NDVI sla Ll
BI 5 VSSI a5l 5 <osls (+/$1) NDSI g (+/FY)
iges b LUl s iaS )l (4 /0 F) s co i b
PR )

Jlsoass (YY) L lSon 5 ' ia 5lai i
(dos,l Azl y0 GBlbl) sl > ddlhie ;o slasllae
S e 0 b SI-T ezl a5 Wi )57 (o )158
Deas o plasl 1) SLS (6,50 0,50 (- AY) oYL
oo L 50 SI-T asls pol> agh ,o ax 5]
sloaxls dlosjl d(ild Jlael 5l ) + FY s
el 4l Ao (e e s> 0, Slee o
O] ol cdl sles (¢ FO s <o e L) NDVI
5y Shas a5 wil ol ol ol Wy oo bt o
Lyl s e o s ozl o0 5l Lo slo i
Dy oSS o aile) anlllas 8 50 dilaie ol
e el Caidge 03Il 5 4y Lagy) blie dan o

looyg b o)l ml Sis gblie o IS ebay
TN L0 5l S 5 52l LS jidg ( JLuSis
ol o 2LS b daJluw ol )0 08 0 ol
(o Slogge &b po b g il ralS So05 & jwg )8
& JLSas slwoygs Ly 09 oo oy 55 (2LS
S 3l |y a5y 9 (LS by g oUg

O RIGIS g 590 I yhomiuw & plid
VEF b ¥ o)l Y

AR



Ol Sen g 00lj,0.> Ly

ol g L s S 5,58 Sleis ;)

Slay yo Ay ) (5Silko) odiidwle RMSE jlude

sla s s sadoleel ol s 4285 (gl (U
ol 03al G 4 YYNO L ol YoV F B 12A4
sl s gai SO S Colan slaosls .Sk
Sladie 9 (e e jshee) VY-V aalllas 300
VeVIO o o IYY eSS doools o) iSTas o JSlas
08 yiS Ol sy Al a5 el (i o (o) (slo)
A5 oo ol adllas 050 dilaie o | S (590 4o
Colae YL polias 4S5 i (lg o et plyo
a5 55 st S 5 il gm e S
g 09— ol uuli8l e el g 0,1 S, RMSE jlada
b il 3 RMSE sabsasly)] polas jo Uas cazlyo

Jloso! S Tas 51 oolisl b S (g 59 Aiddks ~ ¥V
s Jlaio 55l b gt i, 3 eslicl
i ] s s YO F s sl S (0
S (0 =F) o5 (5,50 el ailb Jler Jolt
s et 53 5 OFA) 3k 5,95 «(A-F) s
TAE LB oo Sl sanaid (ol s () F)
D518 (6 ks S8 g Sl TAAY IS 2ds

Bolie  Jlaial 5l b sl gl b
2 go S5 Ty @ ye aghS VFIO Colus [ 8
) e yeyiaghS WWIF Colis bawgio 550 WD 5
G 500 bl colun sl ols plais| sg> 4
g oo 0ddlie O Jgaz o

NDWI 5 5) (ol Joo sl R s 0
Ol Slade ol ael cews 4y +.Y Jlade (NDSI
Aily i (6 ppdey 1S I VAL Dgu> 45 a2 o
Ty b (aPls 9 Gl jlesliiul b (S (5590)
VN SR PR Y P CE OO USR-S N V-9 D9 o0 oals
.\_..,L Iy Jos oo a5 aas oo plid |y (- .Y9) sae
Sl 5l 95 G o Joo 4z S108S o0
Jslse 45 ams o Lt Ll S (o0 e 1) (5595
Sl 390 s sl L | b 5,5
Nl 25 adlate S (6558 (6 pdy e

sladlow )0 Gy o yd Ol (o) p —F-Y
Yo\F G144l

5y5n dilate ;5 LS (69 ol yonis iy, VY IS
(228Y-VF) Jlo oozl b dlols b |, axllas
polie a4z b .ol ool Cws 4 NDSI a5l
Oy o yogkS Teovgus aS asllas 550 ddaio ;o
9=t gyeyiaglsS YIVO S (6,00 Dl yesd o i
Gl o0 oolll e an j5i Lol 5l Dlyss @
i o ) 5] s pa el VIVY cogdlea il
c—‘a‘)l )‘ é_))AJ.».AjLS Y/$N ‘co)_fj_....x.:)jmlwu
=2l 3l gy taghS YN0 5 55 4y j5 b
Wlools (62)5 et Hoh & 55 55l 00lal 3g3

Gloslsale sloosls b S (508 Jlare gloaises 5| Lol> plEaplS 5 )5, . F Joux

ulpo
S laibiwl pué cal o o po s
3 yluilaw! g
Jow - t sig R _ R SKwod 0 lailinl
sl -y R S . ) .
B i oubfani (g
3 ,ylaibiw! Beta
ORI ST FI9A BIFA %8
A AR -NAa YAIYFQ
NDWI V-1/0Y Yo/ya fIvY
i VVBA vy Y/AD oIy -
NDWI  FAASA ey /30 N “¥Y -Iva VAAY
NDSI -OYAIYA \PIVY -Y/Ivs <\

O RIGIS g 590 I yhomiuw & plid
VEF b ¥ o)l Y



Ol Kan g 005,02 Ly w2l Gl yed Lol o S (g eh Sl b))

o' "E w*a'v."E a®."E a'e.'E
z z
i i
z 3
: ®
z 3
% T

B oo 2=
B s s [ s2ow sy
o Casd
- 29 Gy z
= 0051 2 3 4 =
¥ Km T
o' ."E ©°'r."E a*"."E a'e.'"E

YOVE 61238 la Lo o ondiolnl ol sy da NP S5

0.56 _ 0.01

\OZ\ |/_/— B sd 4 69 39 o

B oS e (690 4 (598 929 (9
= ysd odldlzed 4 (6)9 S99 o
LY s 4 295 D929 9k

B sd 4 oS e psd

B 65 S92 ek A pS sl ()58

B 5 03ldli3e8 4 o5 sl (59

B o L 4 o5l (555

b a0 s

B S Sl 95 4 yot T
B 198 92 (g & o B
= 5 03lllgh 47 9 T

'wS)L:-*—.'d)P“-.')B&

0.28

B Sog d979 Hgd 4 yed

YOV 51299 lale o SB g8 Slmis W, AV S

Ol 2IGIS g 538 31 Siominw & pli
P b ¥ ol Y

'Y



u|)li4.tc 9 oa|)')_x,,.> L.:;

ol ol ol gs'b|)|)‘> S (6,98 Ol s ‘5ng)’)|

OAFeee Oesee
“ “
= =
] % )
> >
= =
- -
= =
- -
= <
=
- -
o S
x S
: g by ﬂ—( = :
5 (F-Alame 5,5 33
= APl (50 =
El ooy s £
Bl ) o L s
: o8 $
; s Km ;
-~ -

OAFoee

7Y, (oo

Jlasl JiSTa g, 5 ooliad LYo VE Lo o ST (g0 &tk JA S5O

& 5 4 -F

G55 S iy 9 (s ysbiie & e iagh (nl 5o
sle =i g 500 5l Lromiw ali oojlge 1S
05y G A Lo ol il (g S5 (6L
sloasll) i o e B a6 G55
S95) wimmly iie (oo Gl )3 jloline (Aub
syl LS ol ol Guis e glolis (S
palal 5 S Sl colan die) sosls o bLS )
ol gl 331 ol (s e 3 (sl lpala
NDVI sl jazli aS ol s ool (ygumw )5
NDWI 4 (- ¥1) NDSI «(+ $Y) SI-T (- ¥0)
i o as Ll Ko L awslie (o (- YY)
Jmlie)d as)ls (e (590 polie LIy (Sinen
(o F) ol Cymmsd ity L BI 5 VSST (cla oL
305 b s Jleel sols las |y bLS | oy yieS

a s 5 g0 ddlaio S (5,00 Sl O Jgux
Gawaab Jol> as s o plas [ YV F Lo o
doyd g g LS e coluwe b ool jor (o] iSTos

Lol Cols

STl aslizal U S (5,93 sanails Jpom 8 o

Je=|

KWH & coluo G b WS
eobuno Froghs SB
YAIPY VEIO)OY v
YEIAA \VIFOVY Lugie
YA VOIYYAY ol

FIvs TFAA b b

Voo 8-/5145 Eyae

O RIGIS g 99 3 o & b
P b ¥ ol Y



Ol Sen g 00lj,0.> Ly

ol g L s S 5,58 Sleis ;)

el 0as Bl bl slacc bo (o 00 8 S
sl 5l ookl b g (Vo ¥Y) o, Sa 5 ool
dlal, (LST) (o) g slos slrosls 5 cawadd
S5 gyed o NDVI oLy s o yoline 5,k
olasl il jo a = 81 .0 les, S 5,155 (+/FY)
Slacaas Ly SLs 558 o s Kiesad
x5 «(+.»0) LST/BSI 4 (- N Y)LST/NDVI
Sl a8 el o1 51 S bamil oyl e 35
Gos 2 5o slaygil Jole & jg0a wilss oo oo
55 (VoY) oLen o ooly dadlae . aily ige S
slo ol s Jlolise blo,l a4 0g5 dsllas o
L A ccwid pglai jl g 5o (2SS
Loy 9 698 gl jl ol il gz (Jolse
los S oyl o oLE gy slaosls 3l el Eend
s «slolsnlo gl 5l ooliusl yy anlllas !
5 Coba g o)ls 05T (S 5590 plae il
293 9 Joere slooged 5l i ) cnl 6,850
o) Sosls o axg j93 50 sla Siwsen ol
5 SI-T NDWI NDVI wsile il sla asls
S5 Selins Jdos jo Ll iz i1, NDSI
slaolaal, Laail ol oS o 05T SLs
5 0S (e ol (ST Sl (sl saies )|
eyl Bo g o1y s Sl Sas )l ool

Dl o Fowlie S (55l 0 Sl Ol s

&Ll -0
Abdolalizadeh, Z., Ghorbani, A., Mostafazadeh,
R. & Moameri, M., 2020, Rangeland
Canopy Cover Estimation Using Landsat
OLI Data and Vegetation Indices in
Sabalan Rangelands, Iran, Arabian
Journal of Geosciences, 13, PP. 1-13, DOI:
10.1007/s12517-020-5150-1.

1. Feizizadeh
2. Algasemi
3. Abdolalizadeh

A yoie  (SNed ol o Sge 4 b el (g9,
SO SSTNE FUE SN SRR
Jos (Jas o e Aoy asld 0o3les  oled
i jeass |, NDWI ¢ NDSI slaasls 6o sl
bis S )00 i ln st (25 5e
Sl smme il Jdoas Lo as Ll plo g oS
Sg2g Laa Bl a> 5.0 Bis> Jos jl s bl
KU J I SN R WU 5 VL OO
s iS5 ) e oxdad SalS by ) S o
Olie pogdle ()i oS> ab Sl aS was o
ol Kiw ygmman (5,500 Jelge 15l cos oS
I8 slojlgale polai gl g (SIS0 z9bg raizmon
(el plo (Yuet al., 2012; Jiang & Shu, 2019) sl
oo plail sg2 )3 Lo pialil ool (28,57 Sas s
3 ot glaosls sl ¢ Slase slas)ls pasgal
Sl (5928 )5 380 @l 4 pliws sl k590
(Gorji et al., 2020)

LoV Jlo o Glae S (g)sd 40l walslyo
o &5 Wb ags Jio iSlas 1,68 51 eolaul
L oo g TAN (IS b 5l S o] b))
L1299 Sloj 656 )0 (5,98 Ol poss Al 0g0 /AT
0 ades NDSI oL 5l eslawl Ly s YoV F
FOS (559w g Jaw aiile SLSU sleossay
S8 Az gl 0 50 eS cieoligS o o)l ISl g sl
o dzgi bofgd el (b Wy cnl pglas S
390 4o Slgi e cdrog ) Al yo ol i dauy
NPV IR I SO SN Y- W SR | L
L ptegsy ool gloaidl deloeiy (65,5laS SY g
QLP 9 U‘)—" éa,w L cdw.:r:L?u‘ Sldlas )JLM: C"L‘"
Ly (VYY) o)L, 5 tooly mad 015 g
aisls olas Sl sla ol o GIS L5)9Lw;_é 31 oolaz!
L5 VA9 5,90 b gl il o JLuSis oS

OIRIGIS g 590 3l Gioriw 4 pld
VEF sl X el Y

YO



Ol Sen g 00lj,0.> Ly

ol g L s S 5,58 Sleis ;)

Abuzaid, A.S., El-Komy, M.S., Shokr, M.S., El
Baroudy, A.A., Mohamed, E.S., Rebouh,
N.Y. & Abdel-Hai, M.S., 2023, Predicting
Dynamics of Soil Salinity and Sodicity
Using Remote Sensing Techniques: A
Landscape-Scale  Assessment in  the
Northeastern Egypt, Sustainability, 15(12),
PP. 9440, DOI: 10.3390/sul5129440.

Aghaei, M., Khavarian, H. & Mostafazadeh, R.,
2019, Prediction of Land Use Changes
Using the CA-Markov and LCM Models
in the Kozehtopraghi Watershed in the
Province of Ardabil, Watershed
Management Research, 33(3), PP. 91-107,
DOI: 10.22092/wmej.128009.1267.

Akramhanov, A. & Martius, C., 2006, The
Spatial Distribution of Soil Salinity:
Detection and Prediction, In: The 18th
World Congress of Soil Science.

Alavipanah, S.K., 2016, Application of Remote
Sensing in Earth Sciences (Soil Science),
Tehran: Tehran University Press, P. 311.

Allbed, A. & Kumar, L., 2013, Seil Salinity
Mapping and Monitoring in Arid and
Semi-Arid Regions Using Remote Sensing
Technology: A Review, Advances in
Remote Sensing, 2, PP. 373-385, DOI:
10.4236/ars.2013.24040.

Allbed, A., Kumar, L. & Sinha, P., 2014,

Mapping and  Modelling  Spatial
Variation in Soil Salinity in the Al Hassa
QOasis Based on Remote Sensing

Indicators and Regression Techniques,
Remote Sensing, 6(2), PP. 1137-1157, DOLI:
10.3390/rs6021137.

Algasemi, A.S., Ibrahim, M., Al-Quraishi,
AM.F., Saibi, H., Al-Fugara, AK. &
Kaplan, G., 2021, Detection and Modeling
of Soil Salinity Variations in Arid Lands
Using Remote Sensing Data, Open
Geosciences, 13(1), PP. 443-453, DOI:
10.1515/geo0-2020-0244.

Avdan, U., Kaplan, G., Matci, D.K., Avdan,
Z.Y., Erdem, F., Mizik, E.T. & Demirtas, 1.,
2022, Soil Salinity Prediction Models
Constructed by Different Remote
Sensors, Physics and Chemistry of the
Earth, Parts A/B/C, 128, P. 103230, DOI:
10.1016/j.pce.2022.103230.

Azhirabi, R., Kamkar, B. & Abdi, O., 2015,
Comparison of Different Indices Adopted
from Landsat Images to Map Soil
Salinity in the Army Field of Gorgan, Soil
Management and Sustainable Production

Journal, 5(1), PP. 173-186, DOI:
10.22069/¢ejsms.2024.22437.2149.
Bannari, A., Guedon, A.M., El-Harti, A.,
Cherkaoui, F.Z. & El-Ghmari, A., 2008,
Characterization of  Slightly and

Moderately Saline and Sodic Soils in
Irrigated Agricultural Land Using
Simulated Data of Advanced Land
Imaging (EO-1) Sensor, Communications
in Soil Science and Plant Analysis, 39(19-
20), PP. 2795-2811, DOI: 10.1080/
00103620802432717.

Bolstad, P. & Lillesand, T.M., 1991, Rapid
Maximum Likelihood Classification,
Photogrammetric Engineering and Remote
Sensing, 57(1), PP. 67-74.

Dehni, A. & Lounis, M., 2012, Remote Sensing
Techniques for Salt Affected Soil
Mapping: Application to the Oran
Region of Algeria, Procedia Engineering,
33, PP. 188-198, DOI: 10.1016/j.proeng.
2012.01.1193.

Delavar, M.A., Naderi, A., Ghorbani, Y.,
Mehrpouyan, A. & Bakhshi, A., 2020, Seil
Salinity Mapping by Remote Sensing
South of Urmia Lake, Iran, Geoderma
Regional, 22, PP. 00317, DOI:
10.1016/j.geodrs.2020.e00317.

Douaoui, A.E.K., Nicolas, H. & Walter, C.,
2006, Detecting Salinity Hazards within a
Semiarid Context by Means of
Combining Soil and Remote-Sensing
Data, Geoderma, 134(1-2), PP. 217-230,
DOI: 10.1016/j.geoderma.2005.10.009.

El-Battay, A., Bannari, A., Hameid, N. &
Abahussain, A., 2017, Comparative Study
among Different Semi-Empirical Models
for Soil Salinity Prediction in an Arid
Environment Using OLI Landsat-8 Data,
Advances in Remote Sensing, 6, PP. 23-39,
DOI: 10.4236/ars.2017.61002.

Emami, M., Khormali, F., Pahlavan-Rad, M.R.
& Ebrahimi, S., 2024, Digital Modeling of
Surface and Subsurface Soil Salinity in
Golestan Province, Iran, Geoderma
Regional, 37, P. ¢00800, DOI: 10.1016/
j.geodrs.2024.e00800.

Farshad, A. & Farzaneh, A., 2016, Application of
Remote Sensing Data and Geographic
Information Systems in  Sustainable
Agricultural Development and
Conservation of Natural Resources and
Environment in Iran, Agricultural Extension
and Education Publications, 1st ed, P. 272.

O RIGIS g 590 I yhomiuw & plid
VEF b ¥ o)l Y

\YF#



Ol Sen g 00lj,0.> Ly

ol g L s S 5,58 Sleis ;)

Feizizadeh, B., Omarzadeh, D., Alajujeh, K.M.,
Blaschke, T. & Makki, M., 2022, Impacts
of the Urmia Lake Drought on Soil
Salinity and Degradation Risk: An
Integrated Geoinformatics Analysis and
Monitoring Approach, Remote Sensing,
14(14), P. 3407, DOI: 10.3390/rs14143407.

Ghale, Y.A.G., Baykara, M. & Unal, A., 2019,
Investigating the Interaction between
Agricultural Lands and Urmia Lake
Ecosystem Using Remote Sensing
Techniques and Hydro-Climatic Data
Analysis, Agricultural Water Management,
221, PP. 566-579, DOI, 10.1016/j.agwat.
2019.05.028.

Gorji, T., Sertel, E. & Tanik, A., 2017,
Monitoring Soil Salinity via Remote
Sensing Technology under Data Scarce
Conditions: A Case Study from Turkey,
Ecological Indicators, 74, PP. 384-391,
DOI: 10.1016/j.ecolind.2016.11.043.

Gorji, T., Yildirim, A., Hamzehpour, N., Tanik,
A. & Sertel, E., 2020, Seoil Salinity
Analysis of Urmia Lake Basin Using
Landsat-8 OLI and Sentinel-2A Based
Spectral Indices and Electrical
Conductivity Measurements, Ecological
Indicators, 112, P. 106173, DOI: 10.1016/
j-ecolind.2020.106173.

Hamzehpour, N. & Bogaert, P., 2017, Improved
Spatiotemporal Monitoring of Soil
Salinity Using Filtered Kriging with
Measurement Errors: An Application to
the West Urmia Lake, Iran, Geoderma,
295, PP. 22-33, DOI: 10.1016/j.geoderma.
2017.02.004.

Hamzehpour, N. & Rahmati, M., 2016,
Investigation of Seil Salinity to Distinguish
Boundary Line between Saline and
Agricultural Lands in Bonab Plain,
Southeast Urmia Lake, Iran, Journal of
Applied  Sciences and  Environmental
Management, 20(4), PP. 1037-1042, DOI:
10.4314/jasem.v20i4.16.

Jafari, M. & Rostampour, M., 2019, Soil and
Plant  Relationships:  Environmental
Stresses, Seeds, and Seedlings, Tehran:
Tehran University Press, P. 95.

Jiang, H. & Shu, H., 2019, Optical Remote-
Sensing Data Based Research on
Detecting Soil Salinity at Different Depth
in an Arid-Area Oasis, Xinjiang, China,
Earth Science Informatics, 12, PP. 43-56,
DOI: 10.1007/s12145-018-0358-2.

Khan, N.M. & Sato, Y., 2001, Monitoring
Hydro-Salinity Status and Its Impact in
Irrigated Semi-Arid Areas Using IRS-1B
LISS-I Data, Asian Journal of
Geoinformatics, 1(3), PP. 63-73.

Khan, N.M., Rastoskuev, V.V., Sato, Y. &
Shiozawa, S., 2005, Assessment of
Hydrosaline Land Degradation by Using a
Simple Approach of Remote Sensing
Indicators, Agricultural Water Management,
77(1-3), PP. 96-109, DOI: 10.1016/
J-agwat.2004.09.038.

Kilic, OM., Budak, M., Gunal, E., Acr, N,
Halbac-Cotoara-Zamfir, R., Alfarraj, S. &
Ansari, M.J., 2022, Soil Salinity Assessment
of a Natural Pasture Using Remote Sensing
Techniques in Central Anatolia, Turkey,
Plos One, 17(4), PP. 0266915, DOI:
10.1371/journal.pone.0266915.

Lhissou, R., El Harti, A. & Chokmani, K., 2014,
Mapping Soil Salinity in Irrigated Land
Using Optical Remote Sensing Data,
Eurasian Journal of Soil Science, 3(2), PP.
82-88, DOI: 10.18393/ejss.84540.

Lhissou, R., El Harti, A., Maimouni, S. & Adiri,
Z., 2020, Assessment of the Image-Based
Atmospheric Correction of Multispectral
Satellite Images for Geological Mapping
in Arid and Semi-Arid Regions, Remote
Sensing  Applications: ~ Society  and
Environment, 20, P. 100420, DOI: 10.1016/
j-rsase.2020.100420.

Li, HY., Marchant, B.P. & Webster, R., 2016,
Modelling the Electrical Conductivity of
Soil in the Yangtze Delta in Three
Dimensions, Geoderma, 269, PP. 119-125,
DOI: 10.1016/j.geoderma.2016.01.028.

Mahdavi, M., 2011, Applied Hydrology, Vol. 2,
Tehran: Tehran University Press, P. 427.

Maleki, M. & Madadi, A., 2015, Investigation of
Annual Runoff with Experimental Methods
in Ardabil Watershed (Khalkhal City), The
5th Conference of Rain Catchment Systems,
Gilan-Rasht, March 4th and 5th, 2015.

McFeeters, S.K., 1996, The use of the
Normalized Difference Water Index
(NDWI) in the Delineation of Open
Water Features, International Journal of
Remote Sensing, 17(7), PP. 1425-1432,
DOI: 10.1080/01431169608948714.

Naseri, N. & Mostafazadeh, R., 2023, Spatial
Relationship of Remote Sensing Ecological
Indicator (RSEI) and Landscape Metrics
under Urban Development Intensification,

O RIGIS g 590 I yhomiuw & plid
VEF b ¥ o)l Y

\YY



Ol Sen g 00lj,0.> Ly

ol g L s S 5,58 Sleis ;)

Earth Science Informatics, 16(4), PP. 3797-
3810, DOI: 10.1007/s12145-023-01119-z.
Niknejad, D., 2015, Determining the Runoff

Coefficient of Different Catchment Levels
in Order to Harvest Rainwater, The 5th
Conference of Rain Catchment Systems,

Gilan-Rasht, March 4th and 5th, 2015.

Pishnamaz Ahmadi, M., Rezaei Moghaddam,
M.H. & Feizizadeh, B., 2017, Evaluation
of Indices and Soil Salinity Mapping
Using Remote Sensing Data (Case Study:
Aji Chay Delta), Remote Sensing and
Geographic Information Systems in Natural
Resources, 8(1), PP. 85-96.

Puyjianiki, N.N., Parwata, LN.S. & Osawa, T., 2021,
A New Simple Procedure for Extracting
Coastline from SAR Image Based on Low
Pass Filter and Edge Detection Algorithm,
Lontar Komputer: Jurnal Ilmiah Teknologi
Informasi, 12, P. 175, DOI: 10.24843/
LKIJITL.2021.v12.i03.p05.

Rouse, J.W. Jr., Haas, RH., Schell, JA. &
Deering, D.W., 1973, Monitoring the
Vernal Advancement and Retrogradation
(Green Wave Effect) of Natural
Vegetation, NASA-CR-132982.

Scudiero, E., Skaggs, T.H. & Corwin, D.L.,
2016, Comparative Regional-Scale Soil
Salinity Assessment with Near-Ground
Apparent Electrical Conductivity and
Remote Sensing Canopy Reflectance,
Ecological Indicators, 70, PP. 276-284,
DOI: 10.1016/j.ecolind.2016.06.015.

Shafizadeh-Moghadam, H., Minaei, F., Talebi-
khiyavi, H., Xu, T. & Homaee, M., 2022,
Synergetic Use of Multi-Temporal
Sentinel-1, Sentinel-2, NDVI, and
Topographic Factors for Estimating Soil
Organic Carbon, Catena, 212, P. 106077,
DOI: 10.1016/j.catena.2022.106077.

Singh, A., 2022, Soil Salinity: A Global Threat
to Sustainable Development, Soil Use and
Management, 38(1), PP. 39-67, DOI:
10.1111/sum.12772.

Yahiaoui, 1., Douaoui, A., Zhang, Q. & Ziane, A.,

2015, Soil Salinity Prediction in the Lower

Cheliff Plain (Algeria) Based on Remote

Sensing and Topographic Feature Analysis,

Journal of Arid Land, 7, PP. 794-805, DOI:

10.1007/s40333-015-0053-9.

S.P., Yang, J.S., Liu, GM., Yao, RJ. &

Wang, X.P., 2012, Multiple Time Scale

Characteristics of Rainfall and Its Impact

on Soil Salinization in the Typical Easily

Salinized Area in Huang-Huai-Hai Plain,
China, Stochastic Environmental Research
and Risk Assessment, 26, PP. 983-992,
DOI: 10.1007/s00477-012-0557-1.

Zare, S., Shamsi, S.R.F. & Abtahi, S.A., 2019,
Weakly-Coupled Geo-Statistical Mapping
of Soil Salinity to Stepwise Multiple Linear
Regression of MODIS Spectral Image
Products, Journal of African Earth Sciences,
152, PP. 101-114, DOIL  10.1016/
j.jafrearsci.2019.01.008.

Zhao, W., Zhou, C., Zhou, C., Ma, H. & Wang, Z.,
2022, Soil Salinity Inversion Model of Oasis
in Arid Area Based on UAV Multispectral
Remote Sensing, Remote Sensing, 14(8), P.
1804, DOI: 10.3390/rs14081804.

O RIGIS g 590 I yhomiuw & plid
VEF b ¥ o)l Y

YA



