DOI: 10.22059/jesphys.2020.286445.1007143

VYA SV oo (AFRA Hlg o) 0 Ld FS 093 cLab 5 peny SO b

fg—diduua}u@j(DOS)oﬁ 9‘;3&;55 6?@@.}‘ o

(el axlys Cpor b o sbam) g5, 90 anlllas)

%‘jJJI J‘}Jw RS

Ol tog ) sag | olKetily o il mgle 5 o] oaCiils iz 09,5 bolen]

QAN ol oy ANOTY 123l )

oS>

- e

5 P8 sk Sl odlizl L aegyl arld gin (ol 5 Gl je sladigg gl sl Sl Jol @l aunlis 5 ) pay pol> dlio 5
5 cdlyd YN ol 4 basye ¥ oo ojlanle ysgad jelaio ity ol o aidlo g ¥ Jictiuo o)lsnle 00 (g9> puonal
B 53 0y B B0y (g 5l o3kl b 5 3)90 gl sl pslial (59 s Gl Jl duslie Bun 4l 4 425 L

023l ey eldmeal g P om0 | ol g Csbye sladigy glsl dlaiedy s b el QGIS 5l
Qi i g 8,8 )18 duslie 390 ¢ ags SNAP l58le 5 5l ooliwl L SAVI a3ls o NDTI MNDWI NDWI2
sobateds 103, Ly dngi g (Pl (BLS (s g (ol gl pe slainy gl sl pslaieas (aSLE Jlag ol b 4 e
e ol om0 &S ded e s ol b edlitwl iyl cBy g eaiSue By g LIS culps ) 3 b g B duglis
oy LNDWIZ (2ils umen 5 1) 5)Sles o yine YU b colps L NDTIE s MNDWI la 23l jad L

g ogbye cladigy Colus uizen )l 1) @By jieS sddpummal pgai gl JAY 5 pls sai glp VA LK
b ol dnlio g oddpuomai 5 pls pgla jl g5 lacolus ud duwlie g polie b Lasld Jlaa ;) oad glyscul
Lol )lb)?ﬁ @YL By )‘ OMW )ng.a.a.- Ly AR 0 ul.».u) u}lo).o d‘.hd*ee L;sﬁb Co o

.d.fc”l 4%1_{).) Y J..w.w 0y £ A Lﬁ")"" WS> Olusual ‘d‘a)lybln ).3.9L43' 26.\.:15 6\.&55‘}

oo S (Y DL 5 (msssl) 3sd
by Dlgas JMde 5 0L 2 5 (ol w55 sb  Gble
Ab ol 5 A LS w55 s e S G
Gl paiis by (Yo oV T 5 5 55,l) 2,108
ol Supde 5 Olpd o p 3 Llg e shle oyl
LT bl 51 (S o5 @l g adlate gt S
A4 ey s lamn 5 o pshe Dlalllas 4t 5o
el Bl SO ot 5 555 51 i 8
4 dhoviw glaeylale &:Jj\ S 63N dlaa ans
aro g oo 65 Ol giea 593 3l o (LS O Lab
2B b gloylsale pslar .l 05,5 iy (oo
S ) 93 Sdalys 5 Sdeoli S Dl s sl oo
S ol s en b OT S iy s ok
S Lo 5 &KISS 5 el (YWY (OlssT 5 )

Aodds L\
gl 5l Aoy 4 L7 «(Wetlands) < sb 0 (sla s 3
s Vgome (Y000 S 5 J55) Lloiligy 1y e
Ay n g |y S Sams Lok S e Sl 6 58 0
SIS 5 Jase S gslasl S as
OLHKan 5 b ¥y (ulalS) diS o slowl el
Glos w3 015 a1y bl iz s 1YoV
s Ol) 55 edalia pls,y 5 b Gble
SBOT 51 ls, s e bl ol Ygens (Y2 1Y
b osba b ey LS Lo b 5 SeSp)
A ol s e SL 0T H3 alS Calibes glaw &
S323US) Csb e Glagnes oldd w55 00 ¥ Y
o (LB 5 balisg, Ol bl 5 b Ko (lel
Sl glacdle bug ol 5 ab flse bug

ailate S0 (i ST Ll 5 035 o2 e WIS o8

v.mohammadngjad@urmia.ac.ir

ol 05,K5"



TR Hlgr o) oyl F5 0,93 (b g sy S b VA

5 @l S Dbl Jlesl b ddly 53 o
o b ok Olo o) maw SUL e (ST
ssbiea (Y0 oV Oes 5 $8) 358 0 odil, il
Iy anw g (g3dne Sla o) (Sar Dlbesal Jls!
S sy 5l F e (YOF OLSes 5 55)) Sl 03,8
o bl e Jee g Dbl djls b
3L 35 53 3 se slaesls wl p ba i, 5 Kos
4 Olg o B gy opl ez 5148 o s (Gloylsale
&S 3,5 o,lal SIXSV 5 FLAASH ;5 DOS sla s,
23 S Ol Sz (ond g o3le Sl i)
e 36 gy p ol addlle Couta ol (lo 5o
Juzi lojlgale s slas SU5L , DOS i) & s
al orr @l sbag s osbe sl 2 Y
lal G Olesmal JI Gl ol aw (ol 40 gy
e by eeon AP e T B s ol pale
D gd sl r\s- sskas S edaTiwsa gla el
e 23l b odd aales (laatgy Colas
S5 dslan (fa) (8ly G olue L pls g 0l (g

258 paeia \gT glos 5 35 Ol b

by 9350 .Y
Sl ble ol Ghed adlas 3)s aibie
il ams)l axbys g osb e s 65yslS
3558505 o5 Abiss, 33 sy 4 g L0 JS2)
5ol sl ST ioan 5 aikaie )3 34 jalenn
5 035 Iy drwyg Sdda OT 45 iyseS oT
Gl bl 1y Sl il (6555 (sla s
Wlsg,y caegyl axlys 4ds Aol ae Kos b
Db drl s 3)ly adlele e a8 Sl 555405
Tl B ml s el arlos Os U mes
sle s Jsel Sromln e eins st
Ll 03 87 Oliz 53 15 2T wha 5 55558 Slag )
Lo 5 2 VYA addlas 550 adbate Low g gl

@l Jle s me e ¥ YO 5o dakie SL

lagms 5 b el adlllas sl il
3 e ot 8 B 6T (alE by 5 sb e
@l oSy Gluarb Calises sla i) 5l Sladlas oy
s Sty gl (LS iy el
Cosby T 5 adles Sy besls L
A¥Y LK 5 ) Sl edd eslizad
AV O 5 ol TRV Gyl 5 WM e
K 5 01e o3l 35 AYAY O 5 Sls s s
s oSl O 5 Kogsd ATV (b
WL 5 95418 LK 5 52 ¥4 O
TN G 5 ly YA O 5 KTy ¢Y14
Frs OLar 5 Sl YN8 OLer 5 5
5@ Y x5 Ol YOY OLKs 5 kg
5 K15 Y O 5 Sl YN O,

(Yoo I (K s 5 0 1) O Kan
3 e Glaeslsale & oy lsel Sl 4 a5 L
il ST rman 5 A a8 e ) 093
Dlss ioms HEns s bale o Ko
OU3L byl gale pl K Loy ok b glaslijL
Gl G 0 S ) e laedidy (Sl
) Sodsdy Slods &b (DN) e g8y sue polae
S 2l Fadlel Loy el Al
eVl bl olie 4 T L 06! sl
o Sl O e e <L 5 (TOA)
gl 5 etd o8 S il i Ol IS5k
bl sla mSTy lodiomin 4 Odewny I |3 e
s5ba s e (Polse SUSL s e el s
a3 s S5, 5 O Sl baw g sles 28
A1 s e el g e shge Sl e
Oy Ll (I s,y o5 S ol 53 S
OLEar 5 280 Sl S5 sk p Ghls 5 S
sl cplply (o) OLKr 5 fassle Y010
23l iy OBl Cle G Olbeoeas



114 e A - T o el a2 1 (DOS) 6,5 505 1 & 37 s i g 1

Dark Object ) 6,5 =& 5,8 Gy Ol
S Dlwsmal b sy 51 S «(Subtraction
et S i S b S el oyl gale gLl
S ped Ly Sloslpabe pal psal JS 5o
ol ) G Clemal g Lol dlis jy uS e
<sl:'- Sloylsale 5 guas 3l él))s NG PR V- )
OT oy 5 45 4 5 K alas 5,5 ailais
Pl 25 b OT gl s . Jlasl (6 g2 Sl

235 5 i s amlie s, 5e
@ phl ol 5 bt pal 93 Awglde ) slites
S, ety b e slaag 05 STl
Gl oal U s b e Sl dosb e glacee
sdalie 2o SUSL ) 2 L S el Abols
lhag aid 4y lp e glgasll 5S
sy oS 5yl sy Gloyigale pslas 51 ob
5 NDTI MNDWI (NDWI2 _asls jlgr 5i 5l

ol 0l o3laznl SAVI

37°5'N

45°40'E 45°45'E

L

Olyss ladijle 31 dibate ¢ owlid ey ladijle Lo
Slgy a5 15 OT 0155 o0 85 Sl 0l LS5 (6 55 5158
3 245 el Gy, 53 buy ) il
("3"“;: Glazbys Obguwy 5 (Wlodd il & 39 dianm

s
Jemw sloylsabe pglias ol Jiags Lol glaesls
Lol gl (uiliT Lo g Joti (6 o)l sale .l ¥
YA? ol CL&J)I 03 Pl Lad 4 Y0 Jle s
ol gale ol 3l ool slat 235513 e (5 e kST
VLl esgdee 534S ess b ALY s
5 033k oS 15D VY Ll b (ol (slas 55 )
4 o)lgale al A Ll ol e s igls 13 (S5 5
(YD gyl lab 5T) 55 o oo e il 5
YN le 4 by e dlie ol 55 eslizel 3,0 s
s b s Lyl olas Oljle Cole 1 &S
LOT Cds Js Gl cwdis Ooloeenal (51515 ol Jot|

S5 b s 35 S sy sbeais 3l eslizl

45°50'E

R e

ndllas 5550 03 505ee N S



TR Hlgr o) oyl F5 0,93 (b g sy S b Y.

O 5 dgepbs 5,8 ol j5 eslizul )40 lawilss g,
:;ﬁ@osb

MNDWI = (G-MID) / (G + MID) )

LU otasplzs MID g e il G ¢ J 3 dasly le
Ll Sl a8 095k

NDTI, Normalized Difference Turbidity ) o=l
i 5 3T (15 plls 6l e (Index
b3S on 13 eslinad 5)5m ST )3 3 e Sugh,
Gl o3 gdoue 53 IV 5 Olo GaoT Sl @ 4 5
Vo5l aS) (i Sl SUSL a3 L o3 9a 5 e
35,57 5 &l L opl 51015 s opl ol L5 (Ao ys
oslimel C3lid Wb 5 s (T iy o
o &S L (Yo s s WSTSY) 58
b S5k s esg @b g sl 0T slag
Jsepp oy ol b e sl ST il 4 0T
Wl 5 S e el

NDTI = (R-G)/ (R+G) (9

234 e 5 o8 sladil skias Ol 5 54 G 5 R

ol (gl yl gale
SAVI, Sail-) Lesls Olge Cou Lesls o 5T
sl 31 &8 el (Adjusted Vegetation Index
P by gl e a3 0l 5 e
o pd pba o o S5 Sl Gals ol LS e e3linl
ol sshr g 8 3o 0y S oS s
03 AL adls 65 NDVI e ls & S st li
L b dase 28l 15 &S 1 astls ol il
om0l AE by (S5 Ol b e sSas da
R P R X R Y
oLl b jasls cpl . oS 52 dal g 60055 ko

124 o dales 5 se )
SAVI =

(L+L)*[ (NIR=R)/(NIR+R+L)] (f)

NDWI2, Normalized Difference Water ) es=Ls
5 ¢S b g 1448 Jle s L sl gl (Index
IS4 sb e Gl s ST Slawgy gl el ) shiny
Jloy i 51 o ls ) (Y 0 o) s s 8
el o S5 555 505 O33le Ll 5 e AL 0
slaag 25375 0 b sl ool S e
3T ety Gl 5 6T Colus alons 5 T
6L sla i3, G Slalous Gb Cnla i ple
5 ) sy el Lesle ol s Ldo
Slaag o0l Jio Sl Sl 5 Gslee Gla i)l
dsloun 5 alaly 3l eslizel b jastls ol .ol T8

s

NDWI2= (G-NIR) / (G + NIR) )

¢S5 50,5 093k LU NIR 5 jew LU G VU sl s

el
MNDWI, Modified Normalized ) o=l
A 7 ke (Y1) 55 Lo 5 (Difference Water Index
ol a4 38 (NDWI ool ny sg ol - ot J:h
Gble i Sl glaojle 3 edd iz LK
Slra jalh opl 5o and 3 s gl b s g0
Slhe 308 0ol 51 EKs5 505 Ogale L 1 eslizad
u\.,l.’ ok JLAJ: C_,...m;)‘ f}u U':-‘ BH U s eslaal
O‘i‘ j‘ .J}fﬂsn oslaul ‘5:\.:5 J.a).; b}é‘w u\;l; 9 e
oslial T lagy how oliial gl i el
M|)> r.@,a Al dw u.a:-l.& U'i‘ )‘ oslaial b}&@
3 i T ey JuS 25,0 polae (V sl
claosle (Y a5 dal = NDWI oe=le s ot polas
Sl s dalg ite gl iyl glls A8 iis
A 09l 5l by Gl je s Ogole AL s ST
ol N eslial U 0T, (glaeds s aoess )3 .Sl &S5 5

9 o157 ‘5\.&;’)'\' aaxl s b OYU ardllas ol 5 ol ol



12 e A - T Gl jasls a8 3 (DOS) 6,5 5 5 51,8 S 57 gl S 30

Sl oS3 3l oslizal b ooman 3,80 515 o5
4 pIBl G 5 035 je Ole b S a3 Ol
5 & Sbaag 5 osb e gble gl 5 ol Sl
JAS bl sprppde 4 g b A S iy
Sluaib g oS g g onl by 53 (e
s ArcMap SBles 53 Solsy wse S sl
2ol Gl eslamal L bl pl  aeeloe
laosls Kos Co b 5l .ol ok 03Lizul goOgIe earth
Obml)3T Okl (jpslS sl Ol Luyg
j_)LAJ U"“""‘:’M dl}! J:.’ Sy ol g UJJ&
5 g s b @S5 ead il
a,l.&c?p,aj sosls L tl,'- Slaosls a5 Ol e duslae
Cdy d eslamal 8y e g5 3 s
ki euSulg ds (Users accuracy) )8
Sleslel L &8 LIS s 6 5 (Producers’ accuracy)
S polie ) gl AL aul ATCMED Sl 5
er 6l b L oyl 5 a8 oS W5
sl - SAVI s NDTI MNDWI (NDWI2 el
QoMW&\aﬂﬁLﬂﬂ}w 6‘;{&)(\5}1)1«@5

A e ol [DOS uf‘ﬁJ
K] u}bf ‘_;LLA C‘fr.’.'_.n‘ S o-\ﬁc‘é@' ﬁjl«dj
Loy 4F dyl{}éew.&.‘j}ﬁ)KQJWJ
)@:—‘))b\i\f%ﬂg}s‘-\:—ﬁw‘jdédﬁ
3 5+/VA (al>' sola s Lesla ol LS ldas s yls
4§ l:r...:‘ )) r.é.a 4;&, Cﬁw‘ '//\?~ e.\.ﬁ:c_?n—-ﬂj ﬂjw
;.A.l\j.é Q-l‘ L;;f‘bﬂ:l.ﬁ.n TSN a5 (_)Te\.'vst.....:b.
Af)}lﬂg)l—mk Sl Lgyu\-ly@'xjw (5‘]
L;‘JI L_"K g_,.:‘fp ‘u,a:-u )Lﬁ—’; PLISL :‘9.3:‘54 odalive

BE) R | r\:— J-".)Lﬂ; )‘ f.&:.’ au\..i'@a.aj ji)LaJ

el QGIS i 5le 5 JB 3 DOS iy, s el
<y e QGIS SRles 53 Sray opl 02 BN
5 FLAASH (p5) O s plal &SSLe gl
b S moead Sl bl (fwl S ENVI i 5
Sl Soson oy o) 25 @S s D)ok
Gloslsale sas 53 392 5e MTL 6 51 aslizul U 5
oo gl el das o ool 1) (S el T3
gl saST asls bpsa mOL
5T Gy ol 03 b Sy o3Il (s s
b esls (Yov NS5 5 Serys) Sl
SNAP, SENTINEL ) ji3le 3 3l eslizal b &8l
o o sases S (APPLICATION PLATFORM
OT s 5 ambes (sl iz lojigale 5 slas
bk ol mal Calin (LT Jsltor 5 als &) sty
35Nl ol 53 el ol s Sl 4 a5
33 e Glaylpl LB s s SSlgl O sen
w3 5 e 5 Sl i3l 5l 355 n plowil 1Bl 5

S g mls ¥
Sloolsale polal » G Slmad Sl awlas g
ly 5 4 adlas ) adbale sl Il oz
2385 e (s Sl 4 4 5 b .13 QGIS 1l 5
Sz W C‘V\S‘ Sl e..«ui:@a.ai PR r\>’
A5 DOS sy 5l ool b alllas 5540 ailin o
055 el e sy 5 Dloeoead plasil 51 ey
A sl oddmal g ol gLl (S5, S 4io 53
s plosl SNAP 1l 5 abw gy bajast s a2l 4y
5 QGIS dhwsytr polas oo Sl T
23 ol 0k £l SNAP 1 53l0 5 3 o st L 4loes
e sy s S by el s &,
5 okdimonal pslai 1 en 5 T Cosw plt sl
2 Sl 36 L ol 3 Ol ol Sy g ik



1Al o) oylad FS 0y 93 b g ) S b Yy

shls &K, o Gble ¢J§.‘; o) s sl e
Nl Ghle sl 4 G e sk
sy Gble a8 ol pl Call s e sdes YIS
ol sl 0313 DL O g a5l Gblin s 0 |
Wl w3 F L s T lag e 1) gble
S Y K s Lyl s ol bl e S s
ssba € el (a5 Uil S el 4 b e
Slp el ol QLI s o Sl o 5ol ¢ el
Slp S Jo)s 035 TV bt g I fol 4k
cped el 0l 3557 5 VAV (¢ N e
3 5o kS W g i Sl polie I
i S OlF e ol Sl sdalie L6
Slaodty oSS 3 22 S lo)lgale gl

Sl azlls e

bl las SLIS s Sl sla sl
Aas e 0L (Rl el ¥ Sy el nolad 4 Sl
2 ekl polal i3 03 W Sl el
el b e bl 5 (ST (slaaigy ] el

Sheds g NDWI2 asls ediasolis ¥ S
j:.a’)hé NG pyp-pes au\.&c?ua.? solas r\:’- roles
SNAP il abwssy pasls ol S As o)Ll
3 5o SLL S OT W5 55 el 0l W 5 5 s
S e 5 Sl 0 o3linl 055 e 5 050ke
Al b bagy 5l 5 b e sl gl Al OT
ol iy

3 el pgal S Sl adie X S 4 a5 L
2l 3 csb e Gble Osls Ol s ol el sk
38 sST GSUl 5 sb aed Sl

.A;JUm:J}AA.E.k;.nle,,a,\,ic?e.djruﬁ;uﬂa:%\y)ﬂﬂiﬁ.\dj.b:

7 edeS A5 o 7S s LS oy arla WS
av/s /5 VA NDWI2
aa/Y aanr Ay MNDWI
ans a8/A AY NDTI e
Ay av/0 AA SAVI
av/s av AV NDWI2
aqr an AF MNDWI .
a4 vy a8 NDTI RS
A a¥/5 e SAVI

)

()

L;Fo.)’i@m.?ﬂﬂ)‘yb(u‘rb—xﬂﬂ&b—(;ﬂ'MJL’GAJ)}A&ML;‘J:NDWIZWL::)}T); YJ.;J:A



ey e AE - T sl pasls ati 3 (DOS) 6,5 5 5 5 & S g7 pondl Fl sz

5o la lp el ol CEs ol
okdimnal y slal YL s sdasolis ]
sl ST slaag ohsa 5 T slag gl Al 5
Sl

S oMol 5 el slal (655 &S (s el
oele ol (F JSK8) Sl NDTI esle cds Jles!
5l Glag s S s Cosb, WS
S S ) S by 3 s ge Cagby e
s op sl lp el ol LS el
polie o (Sl /48 5 0 /AY (S Sa ol menal
55 e o O ) deo 3 /D e ls ol 6 55 Cds
Sl o bl p glad 1 el opl L85 sl 5
Pt S s sy g BB R el g slas
Ll Sl sldmad 5 glad S35 05y YU oiasolis
YL 28 5l asls ol Sl s L aS 55 6Ll
N T TP LR S ES P
) Cand ) Sl 035 e jaas (MNDWI
ot e o e e VL F S alin 1 015 o0
S opl e S e S8 g ST slag 4 bgs e Cls
S e bl

45%40'E

53 el ols awslie MNDWI asls ¥ IS s
S ohbgodl 5 pl pslat I 5 el ol Gl
o) Lgbqlf el ool s
oldmmdl g gl Sl g AT Pl sl Sl el
Cos 4 bas o sl pemes Ll /49
IS 55 8 Olg o VU e la ol 3 55 bl
PUE b5 2 5 g 8 Bl 4 s ls o
el 38 &S s oplal syl G180 GYL 4y
Rl Ol s ST Gl gl perls ol
el ol 8 Olga oplpl Cwlbey
34 ga ;.;T &) uaJL>’ ;.;T L 61\:’4:.«. Osls Ol s
YOS s sl wals e o Ses (eSS s
350405 ABss,y e Joo Al O gl
dbe Oy 0 Bl GLOVE oes
Dsb e Sl Slaagy ledbesls 0L a3 K5 L
aslin Sl old adie mS K, 5L
Sl Ste ST odins0lis o ia o 5 I IS
58T, 55 Y ez Glolabe pslas s
Ll Al T sbag 5 MNDWI esls

3 L polie oman 5 pgd ol dwlie 5 )y

()

LsyeMGamﬁﬂ}AJ)]yb-(u‘eb-ﬂ}@)lyb(LA.“NUG.AJJ}AAJ.]GMG.;:MNDWI JG}L;JJ}TJJ \"JS..Z



VAR e o) oyl (F5 090 cLab g ey K 5 \ve

()

S ek 5l | ol (o pl st ) Lol (Gl aalllas 350 aileie 51 NDTI o Ls ¥ K2

L'J,a....p' BE] -L-f'nb C.:ss‘} di‘ odasOlis -b‘):@
Las E) Gl o C‘J.’r.:.w‘ u’.’ﬁﬂu ua:-L‘» U‘-{‘ ‘k.wj]
ol T oS5 g L odes AS Glawyg
v —_}ff 9 uja giau BE) Jés LS‘){ Cwlodios]s
ol 53 &S syl sy SOV aslllae 54 addele
alsgy ObsL pslie L Llodis C\,;a«-\ ool
S K5 53 (ST wigy & Olgen ) 254055
okt 4 8 5 5 s Gbla s Has 503y ol
oeli olesn jesle ol G SIS s
23 & sleag 5 sk e Gble 55T, 55 NDWI2
s 3l Gicans 3 Shes besle ple b oawlis

lesls olas

45°50'E
s

ol AT Olgsa SAVE el ulg s
Vo aslad G Al GRS 53 o s
a5 sl (G sddimmas 5 b slad)
e b el ol (0 SK8) Wi ag OT
B S AE iy (ST 03l 0l sy
aibin S 53 S iy sy Sl 4 g L
33 b 0S5 S cusb, NI Cel
ol palie & a5 .l o o3lizal OT 1 dllas ol
Gl Cdly ol Kb Letls ol Cds s LI
MDTI laasle b awlie 45 bl asls o
shag 03l Ol 5 (628 Cés I MNDWI
UM LS el Sl T s b

skdmeal 5 ol pslal Gl S A

45°45'E

o

()

S ekl 5l ol (el syt ) ol (il anllian 50 sl 51 SAVI Gasls 2] s O K3



\Ya e P - T el atE  (DOS) 6,45 5 05 31,5 S 57 o il (o) 0

52 oeFle 93 ol eddmmal slad I ol Colas
Ar3 0 QLIS 1y e e bSTYAAY 5V MDY Sy
pola S S3F s i Ol JS 0o
ol 53 DOS Gy, 5l esliwl b (g5 ol el
sﬁ@chT@wj&T)g)bfdu%osb

..L'..AAU.A 4‘.’.‘)‘ ‘)

s,-fw 0
S @l s ok sbag gl dle Gl Ol
S e 5 b pslal Sl eslitd Loan gl 4l s
sobhtecpdy CoalgT 85 sl 5 Yz oz ol
o> s NDTI MNDWI (NDWI2 joxli [l 5
e 0L i o) s ol skd e3lizal SAVI
" ¥ e pslal Gy p S Dol Jlesl &S
b e sladg gl Al 5 S8 8, VL corpe il
P ks bl e s ST
Sk s Glaag planal 5 S8l sl e ls
Vsl o d abete odd G o 5 pls sl
Cer eils oy e NDTI 5 MNDWI (sla_jesls
wly cyr 5 T 5 b by gl
SLE palae 53 Olsia b ol ol Cle s 4y

.(\ J)JQ-)C,...J‘: aw-&tj_’:jj)ls&j-’ﬁmﬁjyl{

200
170

=
o0
(=

Baig Comlus duglis .§

T3 osb e sl Colus anlin 5 o) ) shten
boodd o ol 5 pl pslad ol ol Sl
el b b Al slaasls I eslicd
Sk Sl el G\;a.«\) e Bl sl
4 by sl g0 e 5wl s Dyl guuai b
33 dsl Ot 4l5 505 ol 53 .(F JSK2) dd baagy Cole
b g OT Lo Colis (55, 0T O2) Lasls »
4 Sl A Glad e das o Olis ) @ff"}l';
RV T - P P rl}' polas Sl edsT s
b o eldmonal pslal odel s 4 Cluws
..uadaﬁ)l.ij

g Colus & Sl Labde I3 pl 4 dr g b
s Slalolu 4 elipoal sl I ¢ e
SAVI Lasils 53 adly Colun il o 555
O ek abes Coles Zl e S shS YO/
SYONY b Gl pl o fay oddimamnal 5 ol gl
Al 53 Bly ol coman m e e kST YO/YA
Sy Comlas 4 oS 03 g & e skS YA+ NDWI2
el 35 e kS WAAY i el
Cols MNDWI s NDTI my 505 slaass (sl

s
M
w
o
W

€401
75801

(3l Sl b Sl sl s Sl 2 s b s slatg ol amlie £ ISS



TR Hlgr o) oyl F5 0,93 (b g sy S b \Ys

Sl g, Sheslial b polal opl Casln ¥ o
@QJT&U@;’-Q\}yU.ﬁﬁ&KCMLJJM

&'

T c(}l.;gln 3 (SR L2 adhL.i o ]

4 A i pdy o Gble gluls YAV

(6350 andllan 593 51t leslizal L JLSas
YOF-YFY oY (sl 55T 5 5 0 06 O

AAR\% TR S 9L c&;‘J@.n “p Ld"‘}jm"—)ﬁ

Shenlizal b Ol e 4 g JLSis ylib Lo

=W oLl W;‘ e £ U}Aj‘dio;.;.u

Yy

C};) Jlal L5, YAV oyly 5.0 (e Sl

b el 3 Jase 4k Ol bl

QL;)U:-‘ Slolw 9 9> )‘ u,i’.>w )‘ oslatw! \4

FEY-FYO ¥ cu..nl.'..ﬁ: Ja.?m 4@\.‘_5‘]&:.-

AYay “p (w93 @‘3 I u)')j\.&f e Lg.:b'ﬁ.»

dloa shies SM-SEBAL o2, &I anny

033 3 o SSw ly G5 5 S

YYV=1+V FA cg.)T CLA w.ﬂ..é,«

b))TJ.: AAn\Y% "ﬁ._}" “_)b &J E) C ¢Q|J.Al§ a.s‘_}:j}

2l 515 Sl eslaal b s (#lg O i s

-\ &0 cul:..n)? aaloe BE) JLM J K] 6‘ oﬂﬁlﬁ

AY

Amani, M., Mahdavi, S., Afshar, M., Brisco, B.,
Huang, W., Mohammad Javad Mirzadeh, S.,
White, L., Banks, S., Montgomery, J. and
Hopkinson, C., 2019, Canadian wetland
inventory using google earth engine: The first
map and preliminary results. Remote Sensing,
11(7), p.842.

Barducci, A. and Guzzi, D., Marcoionni, P. and
Pippi, I., 2009, Aerospace wetland monitoring
by hyperspectral imaging sensors. a case study
in the coastal zone of San Rossore Natural
Park. Journal of Environmental Management
90(7), 2278-2286.

Cazdls, C., Rapinel, S., Frison, P.L., Bonis, A.,
Mercier, G., Mallet, C., Corgne, S. and

ol 53 ol Sl el Csgy sl aey i piomas
okins0lis T (6 s ,uwis 5 GoOgle Earth , slas L
25 8! o33 Lol SaSS b s slas oy (5 Sl
2bas Sl Jole glaesls g5 asla g5 ol o
B2 Rl el nslal 4 ol S odbimna

Az 5l 5 YL
S S MNDWI o ls (6l LIS 8 &5 (55 5bas
el /75 AT LS S eddimonal g sl
4 bgaalpl ple s WS s s SR e
FB raisn 5 boasls b s baesls S s
om Ol sy s e aSl gn Sl odalin
S o1 5 wsb e bl 35T 53 e li 5 5
olipmomal g el sl I o At gla st L &S
odiasOUES ol ) &S 3 15 35 (Syln gme oD
g Sl g ool pglal S35 03 M
Colun b 5 3)5e Glaaigy Colae (o) skt
4 Bl odbmoal 5 bt slal S lin 5 (8l
B s T slaae Coles awlie 5 3,7,
Ol & JSs 53 0T s & ud Calies (sla oL
Jler a5 o das e 0L s ges oyl Colodiosls
5 o) sbag Colue clie opl ys a)y JSa Lesls
4 6055 sl tokigromadl 3l I g s s e
el ey Sy 3 g ol (A8l galsles
Shag 23Tn 5 & CE G Ve ol
oslsale slas 3l eslinal b alate o T 5 b e

Rudant, JP., 2016, Mapping and
characterization of hydrological dynamicsin a
coastal marsh using high temporal resolution
Sentinel-1A images. Remote Sensing, 8(7),
p.570.

Chun-ye, W. and Wei-ping, Z., 2011, Analysis of
the impact of urban wetland on urban
temperature based on remote sensing
technology. Procedia Environmental Sciences,
10, 1546-1552.

Fei, S. X., Shan, C. H. and Hua, G. Z., 2011,
Remote sensing of mangrove wetlands
identification. Procedia  Environmental
Sciences, 10, 2287-2293.

Gao, B. C., Montes, M. J, Li, R. R, Dierssen, H.



YV e A - T Gl jasls a8 3 (DOS) 6,5 5 5 51,8 S 57 gl S 30

M. and Davis, C. O., 2007, An atmospheric
correction agorithm for remote sensing of
bright coastal waters using MODIS land and
ocean channels in the solar spectral region.
| EEE Transactions on Geoscience and Remote
Sensing, 45(6), 1835-1843.

Hadjimitsis, D. G., Papadavid, G., Agapiou, A.,
Themistocleous, K., Hadjimitss, M. G,
Retdlis, A., Michaelides, S., Chrysoulakis, N.,
Toulios, L. and Clayton, C. R. 1., 2010,
Atmospheric correction for satellite remotely
sensed data intended for agricultura
applications. impact on vegetation indices.
Natural Hazards and Earth System Sciences,
10(1), 89-95.

Jiang, D., Huang, Y., Zhuang, D., Zhu, Y., Xu, X.
and Ren, H., 2012, A simple semi-automatic
approach for land cover classification from
multispectral remote sensing imagery. PloS
one, 7, e45889.

Kaplan, G., Avdan, U., 2017, Mapping and
monitoring wetlands using Sentinel-2 satellite
imagery, ISPRS  Annas  of the
Photogrammetry, Remote Sensing and Spatial
Information Sciences, Volume 1V-4/W4, 2017
4th International GeoAdvances Workshop,
14-15 October 2017, Safranbolu, Karabuk,
Turkey.

Kelmas, V., 2011, Remote sensing of wetlands:
case studies comparing practical techniques,
Journal of Coastal Research 273, 418-427.

Lacaux, J. P., Tourre, Y. M., Vignolles, C.,
Ndione, J. A. and Lafaye, M., 2007,
Classification of ponds from high-spatia
resolution remote sensing: Application to Rift
Valley Fever epidemics in Senegal. Remote
Sensing of Environment, 106(1), 66-74.

Lira, J.,, 2006, Segmentation and morphology of
open water bodies from multispectral images.
International Journa of Remote Sensing, 27,
4015-4038.

Ludwig, C., Wadli, A. Schleicher, C,
Weichselbaum, J. and Riffler, M., 2019, A
highly automated algorithm for wetland
detection using multi-temporal optical satellite
data. Remote Sensing of Environment, 224,
333-351.

Ma, M., Wang, X., Veroustraete, F. and Dong, L.,
2007, Change in area of Ebinur lake during
the 1998-2005 period. International Journal of
Remote Sensing 2824, 5523-5533.

Martinez, J. M. and le Toan, T., 2007, Mapping of
flood dynamics and spatial distribution of
vegetation in the Amazon floodplain using
multitemporal  SAR data. Remote Sens.
Environ. 108, 209-223.

McFeeters, S., 2013, Using the normalized
difference water index (NDWI) within a
geographic information system to detect

swimming pools for mosquito abatement: A
practicad approach. Remote Sensing, 5(7),
3544-3561.

Muro, J., Canty, M., Conradsen, K., Hdittich, C.,
Nielsen, A., Skriver, H., Remy, F., Strauch,
A., Thonfeld, F. and Menz, G., 2016, Short-
Term Change Detection in Wetlands Using
Sentinel-1 Time Series. Remote Sens. 8, 795.

Mwita, E., Menz, G., Misana, S. and Nienkemper,
P., 2012, Detection of small wetlands with
multi sensor data in East Africa. Advances in
Remote Sensing, 1, 64-73

Nguyen, H. C., Jung, J., Lee, J.,, Chai, S., Hong,
S. and Heo, J., 2015, Optima Atmospheric
Correction for Above-Ground Forest Biomass
Estimation with the ETM+ Remote Sensor,
Sensors, 15, 18865-18886.

Norjaméki, |. and Tokola, T., 2007, Comparison
of atmospheric correction methods in mapping
timber volume with multitemporal Landsat
images in Kainuu, Finland. Photogrammetric
Engineering and Remote Sensing, 73(2), 155-
163.

Roy, D. P, Qin, Y., Kovalskyy, V., Vermote, E.
F., Ju, J, Egorov, A., Hansen, M. C,
Kommareddy, |. and Yan, L., 2014,
Conteminous United States Demonstration
and Characterization of MODIS-based
Landsat ETM+ Atmospheric Correction
Remote Sensinos of Environment, 140, 433-
449.

Sun, R. and Chen, L., 2012, How can urban water
bodies be designed for climatic adaptation?
Landscape and Urban Planning 105, 27-33.

Wang, X., Zhang, F. and Johnson, V.C., 2018,
New methods for improving the remote
sensing estimation of soil organic matter
content (SOMC) in the Ebinur Lake Wetland
National Nature Reserve (ELWNNR) in
northwest China Remote sensing of
environment, 218, 104-118.

Wang, Y. and Yésou, H., 2018, Remote sensing
of flood path Lakes and Wetlands: A
challenging frontier in the monitoring of
changing environments. 12, 1-12

Xu, H., 2006, Modification of normalised
difference water index (NDWI) to enhance
open water features in remotely sensed
imagery. Internationa journal of remote
sensing, 27(14), 3025-3033.

Xue, K., Ma, R., Wang, D. and Shen, M., 2019,
Optical Classification of the Remote Sensing
Reflectance and Its Application in Deriving
the Specific Phytoplankton Absorption in
Optically Complex Lakes. Remote Sensing,
11, 184-198.

Yeo, I.Y., Lang, MW, Lee, S.,, McCarty, G.W.,
Sadeghi, A.M., Yetemen, O. and Huang, C.,
2019, Mapping landscape-level hydrological



AL L S PY A a)mgﬂ;b)}btké."!}aﬁ}&{ﬁé

connectivity of headwater wetlands to
downstream waters: A geospatial modeling
approach-Part 1. Science of The Totd
Environment, 653, pp.1546-1556.

Zedler, J. B. and Kercher, S., 2005, Wetland
resources: status, trends, ecosystem services,
and restorability. Annua Review of

YA

Environment and Resources 30, 39-74.

Zhang, Y., Lu, D., Yang, B., Sun, C. and Sun, M.,
2011, Coastd wetland vegetation
classification with a Landsat Thematic
Mapper image. International Journal of
Remote Sensing, 32, 545-561.



Journal of the Earth and Space Physics, Vol. 46, No. 1, Spring 2020, P. 8

I nvestigation of the Effect of Atmospheric Correction (DOS) On Water-Vegetations
Indexes M apping (Case Study: South Wetlands of Lake Urmia)

Mohammadnejad Aroog, V."

Assistant Professor, Department of Geography, Faculty of Human and Literature, Urmia University, Urmia, Iran

(Received: 14 Aug 2019, Accepted: 21 Jan 2020)

Summary

Wetlands comprise roughly 6-9 percent of the Earth's surface. The role of wetlands in maintaining
environmental quality includes the storage of global terrestrial carbon. In addition, they influence many
aspects of ecology, economy and human welfare. Furthermore, wetlands act as an oasis in an urban area
which is important in the reduction of surrounding surface air temperature. Changes in the spatia
distribution of wetlands (croplands, forests, water bodies and rivers), either by natural factors or
anthropogenic activities could significantly affect the ecosystem. Satellite imagery enables us to
monitor short-and long-term changes in wetlands and its vegetation density. Due to the fact that the
electromagnetic waves reaching the satellites pass through the Earth's atmosphere, the reflections
recorded by the sensor of these satellites do not really reflect the phenomena of the Earth's surface. By
applying some corrections on the images, it is possible to convert them to Top Of Atmosphere
reflectance values (TOA) and the Earth's surface reflections (BOA) ones. In this paper, we have
reviewed and compared the results of extraction of wetlands and water body using raw and atmospheric
corrected images of Sentinel 2 in south of Lake Urmia.

The study area includes wetland and agricultural lands of southern Urmia Lake. Due to the existence of
two large Zarrineh and Simineh rivers in the region as well as its very fertile soil, agriculture has
expanded rapidly. The main data of this study is satellite images of Sentinel 2 (spring 2019). The dark
object subtraction (DOS) is one of the methods of atmospheric correction of satellite images, which
with a partial fraction of the dark object's reflection of the whole image, it makes an atmospheric
correction of the satellite image. In this paper, this method has been used for atmospheric correction. In
fact, a copy of the raw satellite image of the study area was made and the atmospheric corrections were
applied. Then the results were compared with the raw images. In order to compare two raw and
corrected images, it was atempted to separate the wetlands (rivers, ponds, wetlands) from non-
moisturizing lands, so that the effect of atmospheric correction on the ground reflection could be
observed. For this purpose, NDWI2 MNDWI, NDTI and SAVI indexes have been used in this paper.

To compare the effect of atmospheric correction on Sentinel satellite images, the image of the study
area was first provided and entered into the QGIS software for atmospheric correction. Then, using a
combination of short infrared, near-infrared and green bands, the extraction and classification of
wetlands, water bodies and vegetation cover density was made by SNAP software. Due to the lack of
ground control points, the images were sampled by the ArcMap software and verified by using google
earth images. Three precision coefficients were used to check and compare the accuracy of raw data
with the atmospheric corrected data. In order to compare the accuracy of the outputs, Kappa
coefficients, users accuracy and producers’ accuracy were calculated using the ArcMap software. The
MNDWI and NDTI indices are the best indicators for raw images and for corrected images, to extract
wetlands and water bodies. Kappa values of these indicators are above 0.9 and also users accuracy and
producers accuracy are above 96%. Among the four above-mentioned indicators, the NDWI2 index has
the lowest accuracy as well as the minimum Kappa coefficient. The results show that corrected images
have high accuracy in extracting and displaying wetlands and water bodies. The area of the wetlands
and water bodies to be redirected from corrected images is closer to actual areas. The actua areain the
SAVI index is 25.15 square kilometers and the redistributed area of raw and corrected images are 25.71
and 25.38 km?, respectively. The actual area in the NDWI2 index is 180 km?, with a corrected area of
178.93 square kilometers. For other indicators, NDTI and MNDWI, the actual areas are 10.37 and 29.5
km?, respectively. In general, it can be concluded that atmospheric corrected images using the DOS
method show better results in showing wetlands and water bodies areas.

The results of this paper show that the application of atmospheric corrections to the Sentinel 2 images
can increase the accuracy of the extraction of wetlands and water bodies areas and even other
landcovers. Considering the four indicators and extracting the zones from raw and atmospheric
corrected images, it was determined that, firstly, MNDWI and NDTI indices are the best indicators for
extracting wetlands and water bodies in the south of Lake Urmia. Secondly, among these two indicators,
the data from the corrected atmospheric images have high precision coefficients than raw images.
Therefore, it can be said that in estimating the wetlands and water bodies using Sentinel images 2, these
images must be corrected using different methods to minimize their error of representations.
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