bbb o in

< //ﬂ.?, o 4 101 Yl (g 6 losis (oS Jlw
et U"’fw‘b V0l.10, No.2, Summer 2022

-/ ” g . ya -y
/}Jﬁ_:.),/. f,/ /s st
SR

DOR:20.1001.1.20089635.1401.10.2.5.1

Sl jalie & gloylgale yglad 3l & ouime ol b ps L Glauwlio ow)
ol &yl J5 98 dilols oS b o sbaigy abaw Ol puks
(STl oylins YU 165590 axfllas)

E

" 60LT p sobls il o258 lx s

Oledol s8iils (g o 5 o)l yas (cwiige 0uSiilS ()19 paldd cwaige 09,5 (5SS (gomiils )
Oledal o&iils (a9 fox 5 o)l jes (s 0uSaily (518 pald cwidige 09,5 JLoliwl Y

VRV FY sallie Gl d)b VF e NTY allie cl s s

LRV

Ll 955 a4 aly Olgilr 5 bS5 ool Sl sloaisS liy ) (ot GRS 45 aid Slodezi 5 Lisy (2l Slopgrtens; VL
saispdal asls (NDWI) of oats Jloy Jolis (NDVI) oLS oads Jloy Jolis jasls jid 5l oolitul b iwgh ol 40 0iiS oe
VB &l sd sy 0 4 (AWEINShAWEIsh) Ol (g jlulos SSlegil jaslis 3 WRI) 0T s (oL (MNDWI) Gl oo Jlo 5 Jolas
3 b asls bug sad fols o sloatg slacolus ;] 5 ogdle ol oadaisley Yo¥+ b VAAD slaJlo Sbej o3b o STl lice
&z b sl oad byl g Jelo (asls 5o Sl oad ol gl (e (Kinrad 5 05 dulie K0S b Jl i 5 JloKts o5
Sype VB ool o ange glial o of lagasls Glly ol j98 OT ol 5 05 Jlws O Gac (lyls adlllae 3,50 VB oSi
Pe 5 AWEINST (sl oS ol 1 51 (S gl ool ot dplie iy )10 coblo by Sbinalinhs s b 5 418,515 oo 2
oo L WRI 5 MNDWI gla jaslis axil coi o sloaiy 385 5 Lisucols, zl sl 4 0B Ol gl § pze als 5 JlocSis
il e ol 4y et slp buasls cp i OB o 5 plKis 10 G40V 549 F JlocSis 0,90 pgas sl AAOY 5 WAY IS
o oy o (sloaigy ooy sl eSS 5358 55 oalE S b & 53,5 ol S e S i Sy plse &
w5l alie Sldllas ;3 a5 ol (nl oz arog W )ls 3925 ©ln 5 Ol o5 Sl 5l (5 5 wieile) o)z 0 &5 (]

29 oLl ploje ysba ol sloangy o)y ln AL

*

SIS AR iy 09,5 (B g Jo 5 o)l jes (owiige 0aSiiils (Lol olKiils toaiiS 4l odiu o8
FATYAYOTYY-+ QA :,als
Email: sh.fatemi@eng.ui.ac.ir


https://dorl.net/dor/20.1001.1.20089635.1401.10.2.5.1

Toezmole Ll )5 slptdy e o b ol (s5lulax
> ay ,0l3 Law ailin] a5 5,5 olas bl (Y- - 0)
il bl gble alex 5l 3bls aen jo 0T (48,5
ol 50 Se35 7 B ogsle Wb o Gl 4 s
59,5 nSalr 2ebsS e 508 gole Wil L |, NDWI
(MNDWI) 7 LT sais Jlo s Juolis oot =dlol asLis
ol il TA] o 5 sl s > 6l 1,
YV ) ohlSen gt i la gy WRD YO T s
slaal i ik Slogas 4 g b [a] o @)
5 e a8 ogole laasl b anolie )3 503 5 S
Sl ) Sol i polie WRI (Lt (o35
lodoe OAte p2 5920 ol (nl b a0 (s
Clls dgg SliwasS blis ol do 4y
LS og3 gl asls (V) o) Sen 5 ez
ol sla 55 slwlis gl |, (AWED Vi
AWElsh g AWElnsh isu 90 sl aS 0,5 slpiny
i (gl Lall AWELg asls o sl
L bl sl AWElsn Lasli 5 el sls JuSy
Sl nl podle sl oad (b (6 08 diee) g
Sl @l Sldllas by ;503 slaasls
Sloe Giliee sla 8o b calise 3blie § bodioin
slaws ags b a0 5l Liomiw ooye55G [V e g Al clons
Jbo o (b o |y e s 45 gl 5l (oonkie
S o))l SledMbl a4y Sloiws 4y ips o by
5 So9leex (st Heban (Jlo onl b el 00,5
29 S ooladie jo Laosls (3l g (55lme 053
i ogdle el olon ailge b padie sloosls Gzl

fHan-Qiu

¢ Short-wave infrared

* Modified Normalized Difference Water Index
¥ Water Ratio Index

AShen

 Feyisa

‘- Automated Water Extraction Index

S0 Slelbl (5,9lad |Lawdigo — ole by ks

1Eo | yliwwli @ pgs & jlasis @ P> Jlw

doddo —)
alex jloasin Jaorecan; Clas &l L YL
2lS (b Ol ahal (Sl e s o el
Jolo jo Gl s 5l ecblas ( Jlw Sas g Jow
9 b 2loj g om0 slad (S sl cbla>
&9 e (5 o))l b ale I Grmg ol oS
aiws oo ) T a5 Sleas 5 oYl aitus )
sl Glace Jlad quitas pd g puiins 50 S
O 3l g Slsd alil 4 e Wlg e a5 wlL
Po— 99 999> cpium (38 Sl 5log VB (3,
Al psd Dol b ad) ol Ol o VG
5 0 colbiw JalS 4 e s & S i
S b oleas @l asly onds Slem VB ides
DT el axslas 5 55 bl e g ol 4 Y
ol jlesliwl U T slaaig gl sl Lolul
Al o 65,51 YL iz sl (5590 3l o
Bl (e slanil 5o G55 SBL g 508090k
L b glac] ) e 50 Sl inios
oals el VAV Jlo 51 o 590 5l Lo (65,5
Slacs 4 0595 ol 5o Sldllas Tl [ 5 Y] ol
sga> 50 [ 5 0 F] el asdly i S e LB
o sl o)lgale @y drngi Lol e Ve Lo
@bl gl a5 O e ld cpazr 50
Vi Se o sl iy v slo O b
30,8590 g ju—w (gl 5l el Ly (Y445)
L TM saizmiw Cowad o)lgale pgas o 51 TS0 3
ezt Of a3 ld 5 ol ol (Shg bl
L, NDWI) "ol oot Jlay Jolis jasls lee
G |y o ali ] 5,8 S [V] 5,8 sls

' McFeeters
¥ Near infrared

¥ Normalized Difference Water Index



63T puad obld 8L g 239 Ul g0

Gl gzt 5l e QYU Colus ialS™ aS ko
)_a‘ U"‘ aS Sl ool ))LA-SM)Q uyl.v LY Joyj.n
o Sl Olets 2iS LSS Coeal KL
sy Dlogo—ai g OV sl cwlow ot )l
xS L (YY) o 5 Fo b [V F] wsl oo
o il ganaal g Ol b sl asls
azly o Slej g SSe Slyeis VM) Y plosy
aosls H13 Sl e,ee YoV Y B YAAY Lo 5l 50,4
5 6 ol NF] cils 0 ST SVM suails
Wt palai jloslai Ly (YY) ol LSen
A‘;oL.aS sl o gunaal 4 b sl
Wl JlYe GEE ) ol s (o
08,5 o, adailies lbwl ol sla SYU
Ol 5o ams o s Ol s S Julodigas o
K> gon adb wa lize glooo S gouail
S Lo g, plo ay coed 1) Cds 0 5YL JSolas
oS 9 d)bl—’ 9 d)bl—’ uu)lj O o oo;
shey slooygs plad ;5 VB Gl WS G 5 gl
D aia Sley oo ples ,0 OB (sla IS
YU 5 NV planll g0 OYB bl ,o olaiagh
SRR ARCORCNN PUEIC SR VY I ESN
el el S8 a4 pY aldl Wloadags |5 cpl sl y
asleads u:'"‘)"" Al ol &l adail)l sla azls
5 2Pl 4z Saiile g, 4 5, ploins b

*Sarp
¥ Support Vector Machine

A Random Forest

plosl LaoVU wissST sbg conle 4 azgi b
Sl S5 ol Jshaie (oLS Giigy 3l 6l digas
5 8y g et loy i L VB sy ol
b 6550 9 008 Slawe sla )54 5L g

AT sl oldlis sy gbls jo oLl
Vool @)l 568 il s oy 4o b 15l
L 4 LSs 6l Sloslone ol s 3 (GEE)
310 9 690 5l o pglal A (o
oS slapiy ;s Jlosl (Gl e psle sloosls
2y lahie S5 sl de o Ol ss
el oatpal 3 il Jloj 5 SIS slasdelys,
50 e Jo |y Sl sy oSt GEE
&l oolol &Yy ams 1 s yiwd J B A_cgoza
st gl dsgame alaxj) wilies (glas S
w2l pilal plow 5 7t sloosls acgoze
50 e gaalp sl s &SI L T 5 egdle .0iS o
slo)lnl s SeedlS unail slapi )55l o)
et el oleo )5 ) e tle (6 S0l b i
5 A GhieS sloans V] alS atg wsis
Sys0 DVF] 60 bl 0 pawiess VY] conen
slacl w059 ,0 iewl azs § 1,8 solarul
L g GEE 5l osliul Ly Lac¥Us 5 s
LY olles 5 Tls ol 28,5 50 (6l
5 S yoloay 5l Slej (5w GEE ;I oolaiuf
o aslale >l b5 MNDWI o1 a5l
a0l 3 ey 09 1y e OLag) plidlmese
S 3 esliiul L (Y41 8) o San o0 ulsis [V
s 9 lets wad ojlsale polal Sloj (6
oy, S oo o |y Laco¥U sblis o

' Google Earth Engine
¥ Landsat

¥ Sentinel
¥ Cao

® Fickas



OpiZed D g 4TSNSy LgT 10 oul eolatul
o5 ol ) eabiz rhae la el ol Sl
axjllaod jgo adlaio —V-Y

LS e $70 ol sews L lie YU
5 Sl o,e YEFF L YYFA Lol condge
loos S i) oy B, Jsb 80 VY7 L FAYY
gl ples g 00l @y (535 10 oLl sloosS 5 05T
sl 00l ools oles (V) S5 0 VB

Sl g Jame cole culiloyy Jdo 4y o5l sl JLo o
dudﬂob wfj.» pae g uyb LS;)‘"’ 0y > )‘ 2w
4o YUl ase ol eaciacile (>l a ]
sasl o ol azl o Oy 4 LS Ve Colus
Sl Pl a5 Jlw sbje 09 50 3l (o0
o g oas s ol O lgas Jlo a5 Jab
295 (R e Qlye 4 S des g St bl
9 My 590 (BLS gy sl &5 allioe ol 5o
(V3] sslin €l 08 oS ol oo ntee

oolaiwl 0,90 (gooIS-V-Y

S pglie jabay Jlw o 0 (xa slao
robad ) Shey s Sl elids g 9590 5
asllas 0,50 ddlais 5l GEE lawgs oo &8l cwadd
Jdo an cwadd o lgale slrosls .ol ouds solazuwl
5° nobal Sl 3 el g g e es 5o 5 O,
oreeis s g gl jo Al 00 Sl o3l
Ivy] el a8 3 13 oolinals ge &l i

ey

S0 Slelbl (5,9lad |Lawdigo — ole by ks

1Eo | yliwwli @ pgs & jlasis @ P> Jlw

l_ﬁua.‘>l_w U”‘ Lo‘ °Mg_¢‘>‘]'l" )9»; g.j GLMJL»-AAJ Ls‘)"
b e gl ol o i L g 5,0 90
OSNee ;00 gadhie 4 dalie Sl g oad b
5y ol sl DAl sl asls sglate Ol el
o Dglate Slojy Lalpd ) laasls (nl )18 (ow) 2
o9 Olie 5 2l Bae ;0 e Lyl ol sl
So ol s a5 558 Ol 5 08 es b (YU (ol
Db oo Lipgh onl ol Bas calio ailinl o>
Oemile gamards g, 5l eolaiwl b iegh dslsl jo
S| cwgb))‘ 6;}.;..):\.9.».}0 u».Js)

Ve 5l SO ST plie OYB Gl Gl oYB ol o
0j9> E95 0 4P JlB MBS pogdle &S Cunl (555 e
SHE A5 lsp 5 @1 sorins DI s
Ot e YL L0l (ladg o (oDl
).sl_...) @bdj UL\_M...A) e Oli.a-».».’) Como g Sl
YU Y] 0 o pal 8 1) ol o3l (Bwipn
24 Sl Gl LoV (g Sete 51 (S Olie
Sogdle g oud S o1 5l oo Lo sl sla Lo
Sapgi ol gl lie aadllas 1A) .cunl o0y (g
L Ghgim ol 5o el 0l S poie OYU (0l (s,
aliwl o> oulats g Ol soxie loaslo 5l soliu
5 Py g JlwSas lao,go b sillae sl
Jlw YO b o oYU ol s b & GEE
sloazls (Lo colys o cul sadaizls p andds
Ceizpe 5 Sl 00 B B3 5 gy Gtalejl 050
Ll 00 0)51}) B L“’u"’l“’ ‘_“15 Covo

o gy 9 dlgo ¥

loools g aslllas 550 adlaie Syxe 4y idu oyl jo



63T puad obld 8L g 239 Ul g0

34°12'30"N

0 25 50

100 150

00
- Kilometers

pobal .ol oaloslaiwl OYB &S e gy p
39 eddbznoral O jge 4 GEE (5 pl (slad 3l oas 351
Ol jhailb e YoV VAL Jlo Sy o3l
FA2 (635 yo Ll 00gazme 10 00l Sud pygual YV o -
VO 5 Sl gy L oYL o3game o gl
il oo i o Al YO glejosl j0 aoyo
39 00 el slaosls Glaswin 4o (V) Jgo
wws e Gialed |y gy ol

33 S5k Gl (o pokate 4 Ghagl aalsl o
9% 3l i Jgmazmes 1w YO Glsj o0
(CHIRPS) ® _ly oy ol &l bl 04,55 ol
@lail SICHIRPS Lo, sbeosls .l ol oolaiu!
sl 39290 alyg) Dj9o dn (eST Y @9l
Jlw (o 3l Giom 00ls aegozme S CHIRPS  Jgazs
20l G SSw o jad 5 el Gl (Sl
Al o sl wlie o Sl ax 0 000 sgu
0395 slo,lgals pl> Sledbl Lus CHIRPS Jgazs

® The Climate Hazards Group Infrared Precipitation
with Stations

e

iy S L e U3l sl 6,3 GEE wilalus
ol 0 03,nS L i g aslllas (sl 6
GUI) 'y (ioe SablF 5,05 L, S, GEE
Rebas 5l slaegame S dn (o ws a5 2Bk o
Gk ol ools slaasgome plo g 5599 5l o
Sl S (e 2l 2 555 Slewbrne sl Sl
Tognly 5 sl wile By yme (mgiaslin ol
s (AP ¥ sgia by slal ) 5l gla_cqame
ko Syl wad (o iws )0 drwgs slo lase
Sl oo L L, )S weS 5 Sjpe p0 isulS
L) Yk Glaej ol o pldlia S5 slaosls

S (Gl g e (BLST 0003 508 (sl b,
oylgale i (Sa bl polai 5l Giwsin (pl yo
odiriw ¥ cwadd ojlsale TM oniomiw O Cewad
Gacs U OLI osizmios A o) o lgalo g ETM+

' Graphical User Interface
¥ Java script
¥ Python

¥ Application Programming Interface



S5k sl LS Jyame nl a5 ol SS 0¥
s JLzel 9, 5 yie ko VEFFYF U 2o Lo jao
Ivy]

S0 Slelbl (5,9lad |Lawdigo — ole by ks

1Eo | yliwwli @ pgs & jlasis @ P> Jlw

el 00 5_..9.14 oly o) le_b Ko ‘ .L:‘...py AS.L»

Uil Gl gl iy CHIRPS s ame
! o;.\...uc\...e‘a ;.\45)J.o.1.7u5£5La$‘5H.mg.im_‘>

OLI g TM. ETM+ Cawadd slaosls wlasuine ) Jgu

() 5! b (M) Zgo Job  palai olowi  cumw/ ojlgale ‘siln)‘ o3b
<JOY — +[F0:) Wb
c[fe— < /OY Y WL
<[P — <[PV ¥ Wb 0 Cew
<\o YYYy YAAL-Y - - Y
AR YR g T™ sdisvow
VIVO — VOO b &b
VYO — Y/-A Y il
JOND — +/F0 ) Wb
P D— < /OYD Y Wb
(8 — +[EY ¥ Wb Y Cenad
<\ TN YeoV-YVY
AR A AT g 8 ETM+ sosovw
VIYO — V00 b &b
YYO— Y/-q Y wil
[0V — +/¥0 ) Wb
FeB— < [OYD Y &b
(A — < [EY Y wib A Cenad
<\o \YY Yo v-v-v.
/e — VO :F Wb OLI ooz
VIVO — V00 0 &b
VYO — Y/-q Y wil

Aln] S Jlasl Uy g 955 o Jol> b
ol Jss ilbaliz (azls polie 59, camlic
b sl Sy bl = ey SR e
J=la5 L Lt o0 lewlee sl Slos 058 o0 plox]
Iy shb sl i dilize slazge Job o 5L
J—ol> slong 5l (FHn i aSh S oo atu
byl d s g sdizmin Haelp S Cuxdg s
s Ll 5 BS55 SB g 5l (56 b
IVF] ass o B3> zge Jobo calises 3blie o
I, SLe g olS ol b slaal o (V) IS

e

uT ) yiwl b s ls -Y-Y
yodaie d ganaal gla by, | colaiul a s Sl
yaal ools ags aS ol o s Lol 05l o igana
il ol Jlis 4 g pglai 1 (Glo gm0 S 0
s YO (Slej o3l yo Gloj s Jsb 5o pslas
oo solawl O zl el sloasls 5l iagh ol
o Aiilen) alayl ) S 5,k 5l aS cl S, e
sl oz U g0 o (oad Jla b DS 4 ]



63T puad obld 8L g 239 Ul g0

4SS oy S e i ) by xSl (55
23S oo S |y 5 6550 T plaz
e 5 ) Glaasl O il slasl ey Llis

Al oYL L G5 s sloail b avslis (o

Cpdly ol bl O (b (als Sy (b
To— Job) Su3 3o B ygole 0ogamms yo ol 4 ol
03ga2te (e zrad 5 (;—teg,See VY LS Y (e
GesSen Y B WY o e Job) Sle 30800500

[ [N T TN N AN AN (NN NN N NN (N NN N N N NN A
A ST +IA \ \IY VI \I§ VA Y Yiy Y/f um Y/¥
Too Job s st
) Soop eyd gl Sl 308 092
: -
O S =

[YO] S (¥) (LS iudigy (T) ool (1 shub glanol (gixino 1Y S

oo Jlo i ol s 3ol aslis —Y-¥-Y
(MNDWI) of

0 Sei 8 el S lere 4 MNDWI a5l
S dy g Eoal sl O sls oSy olubis
(V) abal, b gollas 0,05 o 5,8 ooliiul 3,90 05 2S
Vyazo T QL3 jlada Gleo 503 9ol il o
AP Ld sl g9dge () AL (oo ho 4 Soo3
s polie o33 ol 4 S e eal,3 |, MNDWI
Lol 3Yb ulSasl s 4 oKl ghans 5l odal Cows
e polie obsS o3 g0le 4y S e Wb )3
MNDWI e yolie sl Ol ,é zabaw 5 05l
MNDWI (g1, sl o> oo Sy it
Lo, meba GloS oo |) Gho lade ¢ Jloplgre )
s Sl g T LS 93 4 |, MNDWI s
1Al ws

MNDWI = Pgreen ~PSWIR1 R )d.la;b

PgreentPSWIR1

Fd

Jsb 45 Slej calls Ol sl (V) U8 b sl
53k g Loy sl g Sn + VY 51 ity 5o
Wl e S35 3o 090le Wb Cnlply o)l 3e2s
a8 SIS Ol g el 1) Ol a5 gl
soctoslitul by asls Sle olo 4 adlsl s [Y7]
Al daleS Al egh opl yo

(NDWI) &1 suis Jlo y Jodli5 aslis -V-¥-¥

15 b glao] oLl gl NDWI asLs
) adal) b gllae dola e ;K00 5 OY6 Lae
asb o ool Gl poldoe cwl ool slpiiy
Slie 000Gt s slanil § o035 5e 80550k
5-) o as ol polie asels .asl o NDWI
Cita polie lyls asli cpl jo ol a8 aib oo +)
Av] e
() ak,

NDWI = Pgreen — PNIR
pgreen + PNIR

S 55 4 Dgreen 3 Pair (1) alal, 3
WBloo s Wb 5 K05 e Bg0le b (Funbil



sloaigy de glo 3k s ale oSty Si>
5 AWElnsh Ll o956 .l soasl
oot ooly iales (F) 5 (V) Laly, &0 4 AWEI,
2l oLk Sl pewrrs «(Madal, o Iyvcol
VY L V0 zaws 0090 10 0l5eS zgs 0,890k
T 2 B0gel wb Sk SKle Pswira 9 yeg S
ey Sen TY 5 YN g Jobo odgasme o olssS
as by e iy AWElgn a5l [YA] asil
i)l g amlie plie ;o (g Sl (50 Gblie
g o3l 3,50 pSl> 3825 50 Werge slafeily
RO UL S NN

AWEIsp = pgreen + Poiue X 0.25 = 1.5 X (pyir + Pswirt) — 0.25 X pswira

AWELg, = 4 * (Pgreen — pswiry) — (0.25 * py;p + 2.75 * peyigz)

Wl (Al die ) e b_‘;_>1) @Gl b.cal.f
PNIR — PRed () aba,
PnIR T PRred
2l Lk o i sl e ar s b o o
bl oo e ,8 0l Sl 5l S e gole
K u,v.v‘_oa b_‘L.A ).obl.m Ls g_;‘ ua:>l....; U"‘ h.wj.o u.v‘).aL..s

NDVI =

Ival ses o

Sudizd o9, =¥

loylsale pslas 5l ol slaaig zl 5wl sl o
el slaasls wile e slo by, 5l ol
3 ookl 5,5 solaiwl (gona sl 5 gouaals
Ely s ookl Sl (S b gla ey
il s sloylsale pglas | O gl sl gl o,
g sl JSie ailgy e ailul 0o jlade s 4zl
Mgz L gildae Giogin ol o il 55y
oy Lols (NDVI) obS ouss Jloy ol asls
Jle s ol soszdlol Lasls (NDWI) T ous
5 (WRI) o coi Lozl (MNDWI) O oo
(AWElg, AWElyn) o1 s3lulos Sslegl asls

|4

S0 Slelbl (5,9lad |Lawdigo — ole by ks

1Eo | yliwwli @ pgs & jlasis @ P> Jlw

(AWED) o sjlwlos Swilogil (ol —F-Y-Y
ells Gl OT L Soss 2l ul sl s
ol 4l g Lags )l b 5 O (slo JuSn
G SISE uilw, jSTa> 4 AWEL Lol Gas
9 g oJolis ool b oyt g Of slo JuSly
cooll ol il oo sl o Gilies culys Jlos!
o Slo JuSy 55,5 Byb oy sl allos alal, o
5 et Fhlis 3 Vb cBo b o zobu oLl
ol oy ol 4 cwl sadolpian, gliasS
S (sl AWElnsn (5505 blie ;3 T el 5l
2l g g ah eadasle psh 5l o slo Sy
5 ol 3blis o Ol zl s wl Bae Ly AWEIS,

(¥) akal,
(F) akal,

WRI) o s aslis —F-¥-Y

e Glas jadgole 9 Su3 jadgole b i
] od.mdj‘)‘ (a) 4.]4)‘) Sy L WRI ua}[m Sl
Gy o5 s oacbaisln w5 asls ol
oo JINDWI L aslio (o 1y 088 asles g ool ail!
Sy e Sl iy polie (b S A D)ge 4 p o
Ja] st o O Jusls S

WR] = fgreen”PRed (O)ala],
PNIRTPSWIR1

S ey o Jlo i Jolis Ly 0T

(NDVI)

] o ools lis (Flatal) o a4 S 4 bylos
4§ Cul cdly ol o e NDVI asli
S5 e Bogdbe 9l o (AL Audgy Sunlisl
Gy oS s eonlpbe saBlige 0,8 Wbl iy

' Normalized Difference Vegetation Index



63T puad obld 8L g 239 Ul g0

o=l yo e eolail slajasls clasin (V) Jgao

e o ialed |y Gy

Cwdd le_ibob‘é )‘ @Lla_m L.SLQUT C‘)M‘ L.S‘)"
O S BU RERESTE

oYU @i as 15wl gl oo solaw! b by asll 1Y Jous

& Olxad g Lyls, relo ol
O Sl by ace yolia ons oy Jolis asls
[ TR NDVI = (NIR-Red) / (NIR+ Red) J ’ij d
O Sl by ke ppolie ons g Jolis asls
vl ° ’5““’” . * NDWI = (Green -NIR) / (Green +NIR) J ’JJT o

ol Sl asls cose polia

Jolis sasidlol asls

[vy] MNDWI = (Green -MIR) / (Green + MIR) ,
om ol oads Jleys
AWETI,g, = 4 x(Green-SWIR/) — (0.25 xNIR
) +2.75 xSWIR2)
o] ol Sl sl cuie olie Sailegsl asls

AWEIg, = Green + Blue x 0.25 — 1.5

ol gslalax
x (NIR + SWIR1) — 0.25
x SWIR2

Ryl > Sl 85 polie

[a] ,
el O Sl s

WRI = (Green + Red) / (NIR + MIR)

‘T)y - A . PL‘;

ool 2l p il syl Gloj S ol aen sl
B d\.’Lﬁ_—hﬁ’T = ).JOL_QA 03— r:L?u‘ Lgl"‘bgs“’))) &J@
a0l o e JlwSas 5 Jloy slal;
o=l yo eadeslaiwl polas A cgamme joliin pan
g Sz glaJlow ;o pglal (s g0 4o agh
a_i_g‘ Awd B L;‘)" 9 ol OMM s_;| » L;LQJL..»
S gl il sa e iy aslBlas ailiw] o
NDWI asls 3l JlwsSis 5 Jlwy slaJlw
(oIS wlwl > S S8 Ly g o oolan il
= ek an Slay sosl 0 QYU ol
b b polad acgazs lgie 4y (LS B0+ 5l S
= 6|)_> e ol 00l 00l )‘)J AL gono &
aliwl o> g oo Jlasl Lo jasls sose dcgesme

eV

s A0le b ol sl 5l g e (sl
J._:L: u.)‘ ‘)._:) ‘QHSA osls c.\>)_: gjg_.o.x.c g_i:o).!
Pilse w5 Ol e 550 45 090 G sl il
Gl Cood] Bl 4SS ol SO WS aseio ],y pgal
3590 ddlaie Lyl l g g4 4 o el alin] o> oS
el Blislesl as a g b oyls  Siwy s anlllas
aliwl o> by, sasiled alin] o> pond Slogsl
olyor oo slacly> L (Outso) gusl 5,138
[{ VSN R RIS 4 4 ERVCINE
g Lol bawg ool obw! (o,0b sloads ags
d.vl.._»...v—‘ Q= g_i_v w.uu o o..\.».uu.u.u Uas- 9 U}A)i



O leaS s polie (o) g abgrpe pglal (ow)
g o 0adline pglal dcgaso 93 gy il 0ays S
o3l o b asll G bLII g jskaie 4 asll o
5 Jlw s slroygd )d Geizren 5 dlw YO Sl
SRb old o (Swod o0 Sl Sas
o] odrdmslone oS Ls Lo o Lol>

o sl plos G e (St 8,512 abansly &,
loasgy 0,51, 0 1) Laasls LU, ol o0
ol 1R g2 9550 ilise glagle; 5o o

S0 Slelbl (5,9lad |Lawdigo — ole by ks

1Eo | yliwwli @ pgs & jlasis @ P> Jlw

5 9y ol rwcore sl el 0ul s el
o ) Iy JaSts sla S s
s ailble 3L (Sl o TCI Jw S
pgmas ol )18 el o Slo 4l sadoolanul
Ol P TCl Lasls JlwSis pglas acgeme 4o
3 S s lade oS Sl 0ad gy g dline gl
obey ol o (Sas b Mlate g asl ails Ve sae

2l (pateie Oliee 5| eS
ool o a S cwlie slaalinl o> (V) Jgaz o

hwbwawibf Jeus

ua:Lw |ol.§

Slvsiis

Sy ploj

NDVI e p<- . ep<-
NDWI > ceA>
MNDWI N < AVN>
AWE nsh < fry> < YOA=
AWEIsh At < YA=
WRI \AD> Y, 0>

00ty & jgo dy (redile (6,5 0k (gunadl
Sl (5y0) amio pl SO sl by, ol oyl ]
3l pobo | LS g0 a4 Blate (slaosls a5
Orile Lo bl aloz oS o plate ;K00S0
b né @i JSie ke Sl latiy Jlop
o jebare an [N Flacal o (590l (slmosls
g5 sl yehly L ganail Jos g byl )y
2Ll b ol an (a3 Ly g (slel) )5
L ©) Lt alox ae >yl 5 SG byio polie
ol 4o U el oo Giale T (Voe Ve o)) polie
St ol aliie sla el )l b Jow <85 o5
Lo el (s 3lwdings (sl a5l S5 a3V [¥¥]
o 5 2l S soil o po ol polie T
S SzsS o)ls daclsz (i esguze (05 T

€A

s il 5 esliial Uy s bl -)-F
Ol 518 52 oo

e G el g (5, 0S aliwl g (a3l Jleel
il Ll ) sl s lone g sl
o el gunainb () 5l Gheghy cnl 0 W
Ol (Lo YO (Slej 03k yo ools (VL x> s 4
ool b colins il 5 (ol a7l 50l
roee Sy 03l polas pled slp unail sla by,
S rgmal 93 58 Ghagim il 5o Gl adb o
=l g V6 Loy 5 JoSes pglal acgare
SVM (soivaiabs 5 Lo asis Lawgs ozl il
L aslae o Lo mmls o Slae b sl ool aslas
Lgb bl ganail s,

slopi s adox 5l 55 Gl o il



63T puad obld 8L g 239 Ul g0

Oyl 555 polad g sasie Lol plas 6y i
adaa FO- olows 51 o Lael ools cpl joail oo
Cmizmed ol 00 soliiwl Ol g g Ol LS (sl p
gomainb coo ol Helie & gl o
Overall) 5 cox o oloj)l e 5l pg—as
i Ly (S Coro Conl 0y ool (Accuracy
J5 ol 4y ez s jile Jol Jlad slaas] s ggemme
Gizs plol Jolpe ol gl8 ..\JG‘, Cawd 4 Bdig0s

g oo odmlie (V) S o

sl s S il el Ly ey o
Slade ol LelS o o L ( Radial basis function)
S s YL Y- s plpC alyl g o/ g0
Gonaib glwosly zren .l ond ol
alebos o Loy 2lasyl s gl aiald 5 oaiss

el a8 33y plil GEE
sl come oLl slm o liel slaosls
s ol Glogasls leolinul by, sk 5l ol aige
oo 3sl sdly slaosls Lol SVM (unailo

GEE 4Ll ,» Landsat 5-7-8 slo,lsale ysglas 8L ,o

VO 51 ey pglal i g o3l ey

R IV

9 (/A+) ‘_,’_w)yei oalo S

2okl asgezme 4 pglal (g3l lax

Sy g Jusas

AN

26 52l OIS 90 4 unar b

. MNDWI. NDWINDVI (sla sl gl camslio ] a pepss

WRI 3 AWElnsh AWElsh

Al YO Sl o3l ;0 Vb colus aule

SVM ss, b o
b ety Jlac!
.- |
OA [WCRY LSJL:)) . -
< @l s 2l G 90 4y 0ul gunadil gal
v

S5 ey wjlzgld Y JSh

Jlwy g JLasis pglad asgeme | pgai S5 )3
O, Slas sy yediie A G (Cowl oals ailo
S L Le asls mls ool zlsul sla a3l
Jelowr s aalol jo .ol oo anglie guu adds g,

W oy n-F
=y Oy90 BB gla SBuus I mls yisu cpl o
gl @l (S )z 4 ol jo il a8 5 1,8
0053 slo by bawgi (g Oys0 4 o Ay



S0 Slelbl (5,9lad |Lawdigo — ole by ks

1Eo | yliwwli @ pgs & jlasis @ P> Jlw

5ol sle s gilwlas o Ol sla ol s o3 5o ol a il gl w3l polae s,
Y ) g Sy oS Loguain 5,00 (sla sy el o x5l Al VO s
ASYNE YA )l o JloKis ey 4 b o SIS oy )-F
Sl ails 18 093 O e o eS 50 OB el ailbwl o> i g o jasls Jlel 5l e
o cikin sla a5t Jlosl @l ol sad il Il lmsln; 5 ol 4cgoome cslys

D gad o0 oualice (f)Ji..: Yo G,L,o) 6°}l—? O YU slacslus ‘S'st_iap >

34°15'0"N
34°15'0"N
34°15'0"N

34°12'0"N
34°12'0"N
34°12'0"N

Z z Z
e S ucs s e
A & m=NDVI g
49°46'30"E 49°50"0"E 49°53'30" 49°46'30"E 49°50'0"E 49°53'30'1 49°46'30"E 49°50'0"E 49°53'30'1
(%) () (4D
= s s
e e e
w w w
s 5 5
& ) &

34°12'0"N
34°12'0"N
34°12'0"N

z z z

e S | waw g, e

g A AWEsh| g

&, AT e A A
49°46'30"E 49°50'0"E 49°46'30"E 49°50'0"E 49°53'30" 49°46'30"E 49°50'0"E

@ @

34°15'0"N
34°15'0"N

34°12'0"N
34°12'0"N

z z

:c 5 slesly s :c

g =SVM A =WRI

gl . ARG s e )
49°46'30"E 49°50'0"E 49°53'30' 49°46'30"E 49°50'0"E 49°53'30'

@ @

A Cowdid g guai (G ol o Camig 30 YU o digy gl ol 50 Giliss sloas Ly Jlac! ool du Uio :F S

(z) MNDWI (a5 L (<) NDWI (a5Ls (&) NDVI (aslis () Y VF/+V /oA 15l 5o (Y-Y—F Wb 5y uS 5)
SVM g0y 4 (&) « WRI (5L () AWEln (a5l (g) AWELs jasLls



63T puad obld 8L g 239 Ul g0

eyl 5l s AWE Iy asls rioman alasls
oatib pyal wiloe LS 50 4 ol aigy
i ke gosl aSiy) y edle SVM Lo oas
Hekiie OYB ol 550 0ad plate (fusyo 4 (555 0
aS Jluyiogee jo IS eb ay cul onls 2l mel
oliee oYU Tz ST as ST T 1) oYl s
wolaly o9 4 b ezl Lol cul Sas 4 aiél
LS gl [y oY Corls

@b @l b b aslh awglic -Y-F

$9) &S alwloas b awolie )5 batea
okl 5l gty cnl ) cgesl 090 slaasla
lamlie () lyme o 75 pletty Hlop edls
la g, oo a Sl dy az gl b .l ouls oolazwl
SLaghy, 5l ptior wlye 4 ool )l gunail
D9y @l Wil bl ile abl 5
9 o bz b sl wlsi oo anak b
g od—d &)L gla ) Bs 5 D jaS Al
Sl a5 oyl 553 il ool 5,00 sl el
o) 6l ez el (slaosls o5 sl Cepan
slaiyy s SVM (sanail oads o)l by, o
odbaid § L )3 LSy SelS s L ol
5l ool Cews an glaceolus g L cors Ll
$0)9% 33 Ro—a 93 )0 Gd—hdib g a0
socools ialai (F) Jsaz ,o Jloyi 5 JlocSas
o

P9y 4 Loy (A oo Sl 9 2 YL
el 5 AUPA IS como Ly SUM ua il
55 Cypizmad il e OFO8 IS Cono b AWEmy
5 AOYY IS oo Ly WRI s MNDWI _asLs
529 F 5 IS5 0,90 pyai (gl QDY
ol @b oot Jlws 0)e0 neal ¢l 190V
95 Ol 5 eaal s am Colnse wassles gl o
SYM guaiel (bg) 4 So5 Jlew s 230
51 oy 0 ,Skas NDVI JlucSis 0,5 50 bl oo
S el dly (B USS o 5 ol aisls NDWI

ol

azb ol QYU mhw cowe (@HF) IS0 L gillas
29l sl G35 i b g ool JSis S
Ol = odle adlie Cush (o5 g5l ek i
5 W palls Sy 5 ol sl lacaend o
Ol 00ga e jo oV 51 SYL NDVI gouc oo
ol sla JuSy as cwl opl Sibo oYU glasl>
sl o ol | bgle

Als g g5 Sladle Sl i
Sl ool ools aseis Ol aigy leie 4 MNDWI
=3 Gisu () 5 (&) Cromnd (F) S 4y az g b
MNDWI (aslss Lags o6 Jlod Coond ,o Y
Bblie 5l (S sl 00l gl 2w )0 & WRI
g Oleie 0 AWElnsh ol lawgi i Sod (gl>
Corls Shgo ol 40 9 Sl 0o o0ld Lankid ol
Lo 055 o0 035 (e (oofly e 5| iy o 4ty
Mol S (655 0 slo yisu 55 AWELh asls Jles!
o9y 5 tien QYU Cole g col oauis 2l ]
3 S it Shae Lol sl o st ils
0,99 ;0 palal ;500 () Sl alils AWEl s
33 4S Coul ggbge ol a5l Sl e
ol g aacl b oYU mhaw o9 Sis ol5in
ets gl b asls S 5l eolaiwl (Sod a OYB
olsl jo ool g il b el OYB Colucs
Aoty oY cBs cowlio ailiwl o> i g sl
251 Jos

&S 2 pemal S Sl 2l el 4
Sy sy 40 pgloai dcgomme 51 V11,70 F
Jlasl al g as OV ol a4y 5 oLzl
Jles! mlas sl sadsz] Sl saisdsl )| gla ozl
2 e So 0 ol sloaiy glsil s b asls
D go 0ddline (Q) S jo Ly ol

s WRI s MNDWI _asLss La gy (8) JS5 b illae
Sromd Ay (g 03l () 4 ganaib )
ol so plaio ol gaig 5l YL 6575 50
stelive Yals” o Slos 5.5 NDWI g NDVI glo oL



S0 Slelbl (5,9lad |Lawdigo — ole by ks

1Eo | yliwwli @ pgs & jlasis @ P> Jlw

SVM coiainh by, bt s Kooy JoSKis gl NDWI aslé liug o6 Jlod Cuond
Mbsa 0,99 4O WRI ua.‘>Lm FIS oo el 00
] ]

34°9°0"N

i

H9°46'30"E 49°50'0"E 9°53'3(I"

(<)

(&

34°15'0"N
34°15'0"N
34°15'0"N

34°12'0"N
34°12'0"N
34°12'0"N

=
°
=
i3

=

34°9°0"N
34°90"N

FAWEInsh

H9°46'30"E 49°500"E

(@

25 &
49°53'30"

H9°46'30"E 49°50'0"E 49°53'30"

(C=))

H9°46'30"E 49°500"
@ @
A s yga () o 1 Comdy 30 SYB o digy gl ol yd hlido sl sl Jlos! gl du o :0 JSis
oL () MNDWI oL (&) NDWI asLis (o) NDVI (s Lis () FoV4/51F iy, 50 (F—T—F wily 55 S 5)
SVM (g s (¢)e WRI a5l () AWEI ol () AWEL

or



63T puad obld 8L g 239 Ul g0

suz| yEuw! saT gy Coluo g € 05,1 :F Jous

. . . 7. 0A ;Lo Colo %0A ;Lo Coluwo

% C' - ‘ ws} . . . .

i 099 ygua) 099 yguai) 099 ygua) 089 ygua)

? (& (& (PJwSis (JwSis
SVM guiaainb b9, 99, 5A AD- 99, AN
NDVI asLi LYAR ISa¥e 90,00 YVa
NDWI 5L SYA L AYSA AAR W
MNDWI asLis 99q,-f AOFY Q0,YY YVo
AWEnsh as-Ls Y04 -y FAYS fYYS
AWEsh asLis a3,y AVOF AN Y OY.
WRI ozl 99,0V ATY- ALY YaA

SUPRCUNO ST ST P
Sla—omne ;o R0 L Sglite 5,18, p3ld
ey Al il Ol gl ke aneS 5 it
A0 slagazls 4 AWELs, a3l )18, (Sl
O [FRNIR SR SR SN PR ST SRS
L, b (7) JSs sla o o ounline L8
il aS a3y Sy ol 4o a5 NDVI _asLs
ol psare slaasls slasmis L) 4
15 A5 amd e it gl il e WRI g NDWI
el ool ailbw] o Jladie Canyd s O jg0
(PS5 gy 4o by e sladiyy pardd p ogdle
b slaasla b awslic jo 551, o sloay,
Dad aseid wlg e w0l gzl Bl gl sads

Bllae Jlw 10 ol ol jloie lawgie ai oo
sl (GF IS 8) Js 53 eSibn ol ionie
199Y Lol ;o So B¢« - sgu> b asls don
S el 2 8ly 10 .l o] Cuws 4 13T
S5 KaSs o Laasls )13, a5 09l oo el
ol 1 T s a1 g slacl a5 canl 6yl ol g 095
RUELI

o

a> (gaaieb by, g loatld (5 cone anlis b
NG ol ag gl sl lp sasobsl slaaibn]
Sgd o 2Ll wotlae addllae 3,90 adlaie ;o
Gmb il easlocwoa, slacolus ol oo ol plo
5 sl 99 Alw YO Slej o3le jo 1, laasls
13,18 (o) 2

Oloy Job o Wedld qwypw -Y-F

03 ;0 QYU Colue Dl sy (idu ol jo
Dgs oo NSy S| ans a Sl

VU ol asgy colue Ol s jlog o (F)JSi
0,90 b 0ol 53 la sl hawgs oads gl Sl
Bd> gl a2 o il [ YV L5 VAAD
Ny yis Gialed 9 Caw ol oo 2l sl slaceluw
oadoslainl Jlw o 0 boolue (Sle I ol s
S 3 ot et iz (S JS8)
2 Jle 2 0 asls e by ol ey coles
el oas ooy isles (7) IS

aiian Jlogd ;5 ol s Jlake (5265 ) L ST
oS i e (o JSs) Jlow jo o Hlais
o S YR e ol gl 58
0 g AWEILG,  axls 6lp 1229 Jls ;o AWEI
ools e i ousiledl 2l s F gl Ve Jlo
3 AWELyg sloasli s adly o .ol oo



u.':ls.n SleUbl 6J9L'|.§ Mudago - ole NJAE '

1Eo | yliwwli @ pgs & jlasis @ P> Jlw

AWEInsh
AWElIsh
MNDWI
NDVI
NDWI
WRI

AWEInsh
AWEIsh
MNDWI
NDVI
NDWI
WRI

3000 - e AWEI_sh
: AWEI_nsh
MNDWI
NDVI
NDWI
- WRI

NDWI NDVI sl asbis wlwl p adllw g 9 (ow Sbo) 6036 30 YU Corlin Ol pundi jloges 18 S
Jlw 3o o zbaw diumeS 9 Ao cuSiboo i 3 & () 9 (&) (&) . WRI AWEIg, AWEI,g;, MNDWI

oFr



63T puad obld 8L g 239 Ul g0

5ol e g 09 blose wb ol aseis asls
ged o3liiul Glojea jsb 4 alh wix

Voot Jlow yo ol ol Jlabe lhwgie (o ,5aS
(G JS8) Jlo 5 Sileo polie it ilas
samel Caws 4 o ol de lp LS Yoo 5l xS
sle s @l glawlio (o) 2 jolate 4y Cunl
CHIRPS ools &l  Sas,b oylie loges calizee
el oals S (V) S o

ien Lo, i |y polie (oKl AWElngy asls
Syl glbaiy Gz o adls ol s yol 560, )
L (F J5el) Jlo po ain polie Jove Gillas
S,LSa VP sgu> AWEDsh § AWELsh azli g0
1997 Jlow yo ,LSe Qe e v 505 NAAY Jlo jo g
Sgldy ol el o] s 4 08 a3 ls T ly
oLzl jo aS el g g laie lal o ol

w
o
=3

—— Precipitation Changes

Percipitation {(mmy}

(oY) L = — w
o wu (=1 w (=3
(=] (=] = L] (=1

[xe]
w1
(=}

Avarage percipitation in 1985-2020

‘796’5
1986
1987
1938
19&9
1990
‘7991
19_92
.2993
1994
1935
1996
2937
1998
1999
2900
2002

200 >
200 3
2004

T
w

200 5
2006
2012
2913
20z g
203 o

2
)
A%

2007
2908
2009
2010
2022
2015
2016
2017
2018‘

(YoY+18A0 Jlo  ai¥le Sl pafileo) dilaie 55 allo gy 9 o Sloj 83L 38 oyl Byl Ol i Hl3ged ¥ S

o oo 10 0l () UK slo,loged 10 Ol mlaws
s AWElsh axli g0 a5 85 axS 5 ,b cpl &
s %0 glaasls b gl g ,z5, a5 AWElg,
Wi giblie fpu> jo ol Colus 8551 p camlis
Lo s (o by oo ~F-F

i po o a2l o BLSI (o) jolaie 4 aslol )
odel S 4y (550l (gloatds (590 4 50 (Shuwon
&l (M) JSs) sl 00y dslns o 2L Loy
5 Sl sleaid (gl ghaie po o lanl 5 )l
oo dmlome 00K L la e s Swod (1500
s Al Swen 5k by jloges ol 5o o]
olid b Sian ol el oals o0l Gislad leasLi
=l s colus) ool oy (slaaids oS wies oo
cilide glopsls buwg dilize slalo o (WY6

[AYA)

Yooh 51998 0480 b Jlo o (V) IS5 b il
Ol gl 4 a8 plesgy azlse ol o)k prals L
S8 0g 5 Caxdg (9 eSS 5o 0 YU Ol colu
SR CIPR PRTIN PR AT VY SN IS IO PERI
BRI JRGIW] [P YN JUDN-S UV PRy T | PR F O
Sl 5 L o iy ol o et
dwbre (V) ISl b o ol atils (6 Ko
Ol polie Ly 5,0 lade (Svon olie
aS ol s OYU aaw 3l sacsl Cows 4 colue
AWElnsn s AWElgy ol 5 |, Siad o iaS
NDWI ¢ NDVI ozl g0 |, (Siad (3 5 i g
slacolun SKiwwon Gl L5 )sb 4 wlatils
4 0lg e 45 0 b Ll Hlade b sswliwsa
Sy bwgin uzen g CHIRPS Juw gllas cle



L,.'-lS.o SleUbl lstL"'é Mudago - ole NJ&m

1Eo | yliwwli @ pgs & jlasis @ P> Jlw

Gloa il 5 Saced (pFobe <AV so0e laie A 0SG a5 S @y Bl las ax b
Jaie Ly NDWI g AWElysh sla asLs 5 Jol> S 45 ol nnl Sl w5 ! S5 A
Ol Coluwe a5 12AY Jlo ;o Siaad (5 i 5 seolS b arli hawgs ool Jol> (5 0L sleasss
sl 008l 35T ol 0553 Vb Sl 0> 5 Y it St iy ol o Lol sl sl al8l b
Jlw 50 (Sien (508 a5 cl Jls o )l el oo ol Yl bawgio duw p b asls
3,90 Sloj o3k sl Jlo (p iz 5l S5 a5 14449 a sbbacss dlu YO Slejosb ;o0 (A) JSi b 5ilkas
ol ool 8l 5Ll el 05y gl Ly AWElsh 5 AWElnsh sla jasLis 5l ool Css
NDVI Corr NDVI_AWEInsh
—— NDVI_AWEIsh
—— NDVI_MNDWI
—— NDVI_NDWI
—— NDVI_WRI
(&
NDWI_AWEInsh
—— NDWI_MNDWI
0.800 ——NDWI_NDVI
0.600 —— NDWI_WRI
0.400
0.200
0.000
o o N A
0200FFF PP NS TS
-0.400

[AY4



G pad oobld Bl g 5238 ylo o

MNDWI_AWEInsh

MNDWI Corr

1.000 —— MNDWI_AWEIsh

—— MNDWI_NDVI
0.800

MNDWI|_NDWI

0000 MNDWI|_WRI
0.400
0.200
0.000

AWEI sh Corr

1.000

0.500

AWEIsh_AWEInsh
—— AWEIsh_MNDWI
—— AWEIsh_NDVI
—— AWEIsh_NDWI

—— AWEIsh_WRI

AWEI_nsh Corr

AWEInsh_AWEIsh
—— AWEInsh_MNDWI
—— AWEInsh_NDVI
—— AWEInsh_NDWI
AWEInsh_WRI

oV




S0 Slelbl (5,9lad |Lawdigo — ole by ks

1Eo | yliwwli @ pgs & jlasis @ P> Jlw

WRI Corr WRI_AWEInsh
1.000 —— WRI_AWEIsh
<— WRI_MNDWI
0.800
— WRI_NDVI
o — WRI_NDWI

60908 y970 9 JLw (GBI 920 (a)13g05 10) Al 7y g (o (Floj 03k 53 ilis (G S LY (Swcod 5l0g0d :A JS&
03 UNDWI (5L Soad () ool 1545 LNDVI (5L (Stamsod (Gl) (403 50 (L3S 1 (Rorad ot
St () b s ls ;0 LAWEL, asld Swwod (W) b pslih (3550 U MNDWI o5l (S () (b psll
b psls o b WRI asli Siaaod (g) b asli ;550 LAWEL, jasls

VAAM Jlw jo Jolie [0 09 oo cdalice ( Kivan
) YU Sicod Canl 00y JlocSis 55 o] oS
Lo sl Ly oYU Sion WRI _asls ool
J—lie ;8 g cul osls L—zs MNDWI 4 AWEIs,
as_ls NDWI g NDVI sloaslis b oS  Sinaed
o3l 5 SWIR asly Sledlbl 1 asls cnl ol
NDWI o NDVI a5 93 ;3 Sss 45 0S5 s
=l Lol el o8 (Son W 058 sod oolaiul
il B & b b sl

Sy Joyi g JloSas 13 g pslaie ¢y
ol slojarli 9o 4 50 Seen lado da sl
z9l slaJlo e 4 a8 1399 51 2AY o Jlo o
Ol () S 3 bl oo JlwSias 5 oy
Sl (aze i i j0 aS jebylen el sdlosls
Mels (Il ) V3T L o Soon polis
Jle o aslice yolas oS Jbo o aiil oo Cuio polie
i 5 5 SsS polie Ygere (JlucKas) 1299
) 4o ol (L hsban Gl oo Il 5 e
YU Ol e aal58 L lbgl il s a5 i 8
5 09— NSy alie Lol @l 5 Lo asls L3,
3550 AL LS il @l o5 5 (Sas sl lo o
o gl Gloaiy (o) Saz edlin

OA

45 28l g e (BIHA) JSb e g L
2l L basls mls hugie (Sien J5)5ba;
Wl Gl (oyloges ,550) Cans 4 NDVI 2L
Syles oy ;> 4 S NDWI _aslsy bz ulay
5 Logase) Lol =2 0 Yl (Sen
b a atdl el ool ol (JloSes sla Lo
Sl Ko (e )0 solaie Sels' L3, &
coo ol 5l s a5 95,5 i sanlie NDVI a5 Ls
29 o8l DliS 5 6,5 e Sle ol il
2 Jbe plgie il 4zl s mhaw Sl 4
Sison ol 0591 Jlo Sz Blist a5 1AM JLo
s o] 451398 Lo o 5 Laasls 28T L YL
P0Gl e (Ko Sl ooy Jlo Sz
JB LS Giogs L w5 o 00y b Lo
NDWI ozl slaloges [Lud, a5 conl com yian
MNDWI sl o sl NDVI sl a s Lo
NDWI 4 NDVI sla sl Uy ool Siron
WRI Logase K00 (asli aw b g col ools oles
oobaie SLlS ) ams oo ol 1) oYU Sieen
0003 o AWElnsh (a5t slo e ol5ae 5
Jbw S aS Vool Jlo )0 dged lyie 4 055003
Sl loges 53 Sy S 39 on Cgmarne St Lo i



63T puad obld 8L g 239 Ul g0

.
X e e >

-
.
I I L [
" E = I ||
o

¥
—e e
MND NDVI NDWI
AWEI NDVI NDVI |NDWI NDWI' NDWI WRI_ | WRI
MNDWI WRI _ ~ WRL_ WRI
mh A WA TVEL AW AWE _MND _awer AWE _MND _NDVI awpp AWEL MND o
WEL | ns EI Insh Wi Insh Wi nsh WI
mVAAY cAVA L AE s ReA S FYA L FYE D c 8T SAPF A L TTY VES XYY | LT L ATY | CFVE L L0pe
B2 VIF L FFA 2 FBB | —ee¥ | —eeA | sV ceXF D eXF 08 GFTY XY eNed S NTE | —elA | —oXF

(Slwcins) 1984 5 (Il ) 134T Jlo gl b aslis Somod 5905 1 JSCi

35 St 5 Shat s HE o 4 WRI oL
ilasls casad glaools 5l eolaiul

> oarls e Sl (oSike slaloged (o) b
AWElpsh sl |, a5 wd Laseio 4z o) o
) Corle 8,50 g cnl gl b ol Koo b
=y S oo bl Lo sl S0 b glae
Coluw a5 ols s Sas)b sleools slawslis
sloosls U pin ;0 asli oy lawgs ol
ol 3l eoslaiwl 1 as s (Swan 5 Slgsan (Sai)b
YU aline 51 bl gonay ¢y asls g0

555 o gt ol
ol ez slai b |y oYb O el aolie 4> ST
Wl sloass> 5 5l (39,9 L e
Sl o0ly JSas Ol Ol g 00iSTy sladsis
Olos s Al Swi)b (Kl loges anslin L Ll
Ol Gl soniiae il (Sl aal3l 2l o
15 LS el el anils 43S Lo YO o Y
Lg oozl el gloass VB Ty ol
WRI ¢ MNDWI NDWI NDVI L2 sl
looyso jo Lal saslails oS LYL Son

019

& 35 A0
diadyl o ailie lsie 4 oWl sl gla Lo,
% ) €95 5 pimrnesST Sl 2 5
A4S e amelan ) )5S 0 iete
LoVl ol KT >l (samangy [Y0] wlosludl
Sl s plas |y JloSis it mls Wiy o
sbopasls 5l gz ol 53 5%l sl paniis
Sl e a5 STl el oas soliul O ¢ lae
oS bl ol slaasls ol o ulis
Sl pizy galp s palls Of la Sy
LIS A5 gldigad lamie dy yline WYL il
Slgo b ol S 5 Blsd 5l gounie sl Souzen
Al a8 Gl o cel o Olalga wiles alize
3 oliee VU O mhass &l poss gl cnl o
Swad polal bhwss Jlw mig 5 o Sboj o3l
oa Ll (b jelate ol gl 28,5 58 sy 09
Loyl mlas 5 s3lwosln JLo YO Sloj o3b 0 o
S L Laas Lt o, Shee (w2 sl 0 b3
(goimdids gy Su L anslie j0 0o s (gailin]
A it ol sadoslaiw] SVM adls s,
S ygmo Ao Glg i |y (S slaglay asyl Lo
S Mesi cnl o ol (aris e et by (o
it el oo osliil 53 IS covo ) ks



=1 05 5 (S5 sladle 53 5 35300 S alie
Glaaiy oy gz oolitul 0550 asls 55 Wb
So b a 00,5 pliebl Koo ple 4 0g

slod gy cwyp ¢y JoSis e, el
Loy 48 olosl )y cns cnyo (]

)18 3925 Sl 5 0T 65 Gl Jle 5l oS 5 wiails
Sl atls a5l as conl ol gas aogs 1A

S oolaiwl Hlejen ek 4 ssfi sloaiy oy

[1] M. Mahdianpari et al., "A large-scale
change monitoring of wetlands using
time series Landsat imagery on Google
Earth Engine: a case study in
Newfoundland,” GlScience & Remote
Sensing, vol. 57, no. 8, pp. 1102-1124,

2020.

/2] R. N. Colwell, "Remote sensing of natural
resources,” Scientific American, vol. 218,
no. 1, pp. 54-71, 1968.

W. G. Planet, "Some comments on
reflectance measurements of wet soils,"
Remote Sensing of Environment, vol. 1, no.
2, pp. 127-129, 1970.

[3]

[4] M. T. Chahine, "The hydrological cycle and
its influence on climate," Nature, vol. 359,

no. 6394, pp. 373-380, 1992,

R. R. Gillies and T. N. Carlson, "Thermal
remote sensing of surface soil water
content with partial vegetation cover for
incorporation into climate  models,"”
Journal of Applied Meteorology and
Climatology, vol. 34, no. 4, pp. 745-756,
1995.

N. M. Mattikalli and K. S. Richards,
"Estimation of surface water quality
changes in response to land use change:
application of the export coefficient model
using remote sensing and geographical
information system," Journal of
environmental management, vol. 48, no. 3,
pp. 263-282, 1996.

[3]

(6]

%o

S0 Slelbl (5,9lad |Lawdigo — ole by ks

1Eo | yliwwli @ pgs & jlasis @ P> Jlw

YU Ol g 009 o5 Vb Gae oan JloSis
il palS o asll (Staod Coul S 4 ariél
szl il el (s ndy slosel ameys ool

Sl a8l zalS 10 o asls 5l S e lawgs
iz U Sl e o5 wias e i s
Olyse )35 o gl 285 5 Lo asls @l (s,
L Sl il 5 45 26,51, 4 ool IS5
Loyl @bt g loasle ,ls, oYb O alaw il53)

&=y
[7] S. K. McFeeters, "The use of the
Normalized Difference Water Index

(NDWI) in the delineation of open water
features," International journal of remote
sensing, vol. 17, no. 7, pp. 1425-1432,
1996.

[8] X. Han-Qiu, "A study on information
extraction of water body with the modified
normalized  difference  water  index

(MNDWI)," Journal of remote sensing, vol.
5, pp. 589-595, 2005.

L. Shen and C. Li, "Water body extraction
from Landsat ETM+ imagery using
adaboost algorithm,” in 2010 18th
International Conference on
Geoinformatics, 2010, pp. 1-4: IEEE.

9]

O. E. Malahlela, "Inland waterbody
mapping: Towards improving
discrimination and extraction of inland
surface water features,” International
Journal of Remote Sensing, vol. 37, no. 19,
pp. 4574-4589, 2016.

[11] C. Wang, M. Jia, N. Chen, and W. Wang,
"Long-term surface water dynamics
analysis based on Landsat imagery and the
Google Earth Engine platform: A case
study in the middle Yangtze River Basin,"
Remote Sensing, vol. 10, no. 10, p. 1635,
2018.

[12] K. Johansen, S. Phinn, and M. Taylor,
"Mapping woody vegetation clearing in
Queensland, Australia from Landsat
imagery using the Google Earth Engine,"

[10]



G pas 5obls Bl 9 528 yloso

Remote Sensing Applications: Society and
Environment, vol. 1, pp. 36-49, 2015.

[13] G. Trianni, E. Angiuli, G. Lisini, and P.
Gamba, "Human settlements from landsat
data using google earth engine," in 2014
IEEE Geoscience and Remote Sensing
Symposium, 2014, pp. 1473-1476: IEEE.

K. C. Fickas, W. B. Cohen, and Z.
Yang, "Landsat-based monitoring of annual
wetland change in the Willamette Valley of
Oregon, USA from 1972 to 2012
Wetlands ecology and management, vol.
24, no. 1, pp. 73-92.2016 ,

W. Cao, Y. Zhou, R. Li, and X. Li,
"Mapping changes in coastlines and tidal
flats in developing islands using the full
time series of Landsat images,” Remote
Sensing of Environment, vol. 239, p.
111665, 2020.

G. Sarp and M. Ozcelik, "Water body
extraction and change detection using time
series: A case study of Lake Burdur,
Turkey," Journal of Taibah University for
Science, vol. 11, no. 3, pp. 381-391, 2017.

[17] S. Makrouni, G. R. Sabzghabae, S. Yousefi
Khanghah, and S. Soltanian, "Detection of
land use changes in Hoor Al Azim wetland
using remote sensing and geographic
information system techniques," Journal of
RS and GIS for Natural Resources (Journal
of RS and GIS Applied Techniques in
Natural Resources Science), vol. 7, no. 3,
pp. -, 2.016

[14]

[15]

[16]

R. Khosrawi, R. Hassanzadeh, M.
Hosseinjanizadeh, and S. Mohammadi,
"Investigating water body changes using
remote sensing water indices and Google
Earth Engine: Case study of Poldokhtar
wetlands, Lorestan province," IRANIAN
JOURNAL OF ECOHYDROLOGY, vol. 7,
no. 1 #a001084, pp. -, 2020.

[19]F. Yousefian, M. Sahebi, M. Shokri, and M.
Moradi, "a Novel Water Index (swi) for
Salty Water from Landsat 8 Oli/tirs," The
International Archives of Photogrammetry,

[18]

71

Remote Sensing and Spatial Information
Sciences, vol. 42, pp. 1097-1105, 2019.

[20]S. M. Shariat, S. M. Moonavari, and F.
Sobhani, "Environmental Risk Assessment
of mining in Meyghan wetland,” (in eng),
Wetland Ecobiology, Research vol. 5, no. 2,
pp. 41-52, 2013.

[21]A. Ansari and M. H. Golabi” Prediction of
spatial land use changes based on LCM in
a GIS environment for Desert Wetlands—-A
case study: Meighan Wetland, Iran,"
International soil and water conservation
research, vol. 7, no. 1, pp. 64-70, 2019.

[22]Z. Zhu, "Change detection using landsat

time series: A review of frequencies,
preprocessing, algorithms, and
applications,” ISPRS Journal of

Photogrammetry and Remote Sensing, vol.
130, pp. 370-384, 2017.

[23]C. Funk et al., "The climate hazards
infrared precipitation with stations—a new
environmental record for monitoring
extremes," Scientific data, vol. 2, no. 1, pp.
1-21, 2015.

[24]L. Ji, L. Zhang, and B. Wylie, "Analysis of
dynamic thresholds for the normalized
difference water index,” Photogrammetric
Engineering & Remote Sensing ,vol. 75, no.
11, pp. 1307-1317, 2009.

[25]P. Leinenkugel, "The Combined Use of
Optical and SAR Data for Large Area
Impervious Surface Mapping," University
Salzburg, 2010.

[26]S. Ma et al., "Application of the water-
related spectral reflectance indices -A
review," Ecological Indicators, vol. 98, pp.
68-79, 2019.

[27]G. L. Feyisa, H. Meilby, R. Fensholt, and S.
R. Proud, "Automated Water Extraction
Index: A new technique for surface water
mapping using Landsat imagery," Remote
Sensing of Environment, vol ,7140 .pp. 23-
35, 2014.

[28]J. P. Mondejar and A. F. Tongco, "Near
infrared band of Landsat 8 as water index:



A case study around Cordova and Lapu-
Lapu City, Cebu, Philippines,” Sustainable
Environment Research, vol. 29, no. 1, pp.
1-15, 2019.

[29]Z. Dong et al., "Mapping wetland areas
using Landsat-derived NDVI and LSWI: A
case study of West Songnen plain,
Northeast China," Journal of the Indian
Society of Remote Sensing, vol. 42, no. 3,
pp. 569-576, 2014.

[30]T. N. Carlson and D. A. Ripley, "On the
relation  between  NDVI, fractional
vegetation cover, and leaf area index,”
Remote sensing of Environment, vol. 62,
no. 3, pp. 241-252, 1997.

[31JH. Xu, "Modification of normalised
difference water index (NDWI) to enhance
open water features in remotely sensed
imagery,” International journal of remote
sensing, vol. 27, no. 14, pp. 3025-3033,
2006.

[32]A. Ogilvie et al., "Combining multi-sensor
satellite imagery to improve long-term
monitoring of temporary surface water
bodies in the Senegal river floodplain,"
Remote Sensing, vol. 12, no. 19, p. 3157,
2020.

[33]L. G. d. M. Reis et al., "Uncertainties
Involved in the Use of Thresholds for the
Detection of Water Bodies in Multitemporal
Analysis from Landsat-8 and Sentinel-2
Images," Sensors, vol. 21, no. 22 ,p. 7494,
2021.

[34]A. Mohammadi and B. Khodabandehlou,
"Classification and Assessment of Land
Use Changes in Zanjan City Using Object-
Oriented Analysis and Google Earth
Engine  System," Geography  and
Environmental Planning, vol. 31, no. 2, pp.
25-42,202.0

7r

S0 wielbl (g9l (Suwaigo — (ole o s

101 Yliuwli @ pgs o louls @ P> Jw

[35] A. Azareh, E. R. Sardooi, H. Gholami, A.

Mosavi, A. Shahdadi, and S. Barkhori,
"Detection and prediction of lake
degradation using landscape metrics and
remote sensing dataset,” Environmental
Science and Pollution Research, pp. 1-16,
2021.



Journal of Geospatial Information Technology
Vol.10, No.2, Summer 2022

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

Comparative analysis of remote sensing water indexes for wetland
water body monitoring using Landsat images and the Google Earth
Engine Platform (A Case study: Meighan Wetland, Iran)

Marjan Faraji !, Seyed Bagher Fatemi 1*

1- Department of Geomatics Engineering, Faculty of Civil Engineering and Transportation, University of I1sfahan

Abstract

Wetlands are dynamic and complex aquatic ecosystems that play an important role in the survival of many
plant and animal species. This study modeled the spatio-temporal changes of the Arak Meighan wetland during
1985-2020 using the multi-temporal Landsat images. In doing so, the applicability of different satellite-derived
indexes including NDVI, NDWI, MNDWI, AWEI,, AWEI,¢,, and WRI was investigated for the extraction of
surface water from Landsat data. In addition, the correlation coefficient between the images extracted by the
indexes is also estimated. For comparison purposes SVM classification was applied on some selected images.

Because the Meighan wetland has a very shallow water depth and contains saline water, the capability of water
indexes to extract surface water areas of the wetland has been investigated in this area. The results of the study
indicate that climate change such as increasing rainfall has a direct relationship with changes in the surface
water area of wetland extracted by various indexes in the last 35 years. Furthermore, the AWEI, 4}, indexe is
not able to properly and accurately extract the surface water area when there is a drought and the water depth
is reduced. As an overall result, it is not recommended to rely on the results of one index to monitor surface
water area during a drought period. Since there is a combination of dry and wet years in time-series analyses,
it is seriously recommended that in similar studies, several indexes be used simultaneously for detecting and
extracting surface water. However, classification can always be used as a robust method for water body

extraction.
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