L;T_.LZ?,

/https://sanad.iau.ir/journal/girs ool <5 sl

WAy ok ﬂ,ildu)ﬁ&,,du}i’;,wuww,j;&’
4 el
VSl J8 58 S g 555 <0l Ko ¢ AR50 sl ol Ol sl (ol KL 1ul 5 03 il s

s
St

s, B s5ee sl Slalows Sl oslial b 6,40 O ka2
j&é&;@.& :‘5.5_)‘9.6 4.’.‘&.0 N J&uﬂjw

4 o S b3 428 g 1 e e Sla o o 2
foome (Sl ol GAS 5 S S e A3 D
23 S5 ol 5 Shas (63 50563508 4l Ol 5N (Dla e
ol el Sl 858 0 ity (555 2 b lebows olad il wie )
Las a3 o (5003 48 (6l g g3l a5 S
Ll e andllan ol laasil 3 8 )3 sl 5,50 (6,55 (S e
LBl 55 abge OV tes 38> (S el 5 e 2l

s Gl 6 ed glac e
Sl p ey K Ulge 4 D)l 85 s b b
a5 samn 3 e i LIS 5l 1 s Dlelons (1S
gl sl o3 8 pdy Ol Sl elids 53wt g slaosls
oaa}u}olwiw;)Kﬂl)_g.:j\;ﬁ;,).\;aupa\ﬁfﬁ%
S b oala 1 Ol ol 0108 @ e elas Jdosd 5 4525 61
ilises gla o)l ale 5l Slos (6 sl 31 (glos 1S ik 4 oS
B Y S I V- Ry PR WIY- VL & TP VA VP e -] E U SOV
ey s ilen el o L3 () Ll e ¢ bl sl
Ol 2,8 513 el al 5y 50 ons Conds 5 DS 035
G 2 Wl 108 Sl s Gras 2T bl 53 (2S5 s (b
Js e saolantle 53 s e Y alS il g Gble
LB ol sl 3 a8 55, 00 SYL oslis caelbe 5,
adlls (g oslin ol 550 GG 1 2 ol sdal e
7

2l e

VEVEIVAR S s L VAT Bk VERYTE el

Glp ol s 3l s Bl e ASle s (SLOL (S s
Saedais G I sy bl cge sl (RSN ST
Mgl ) e pslad S8 S5l 55 ool s Al
G ol s sl sy olael LB O slaais
I3y rslas O gl 50 Ciliee (slaS 5 5 eslizal s 2ls
Gl bl e eon osBe 413 s Jew DliE
@ 305 Ol e a5 Ol I Olesl 2t s et WWAA Jlos (4335550 Jous
o508 ol Sidad go 5l e LS 5Nl el ol
b b cilime GLoS S e gl A (b B
o0 el d= (Golsy AZE s e Glop 4iE 3 el
e bl dm 5l i 3ys0 o adé g 423 S 15 ealizl
A oslinl 858 (g gm0 o Gt e oy S 63

%;c;wwdwlﬁ)wLthg.»:SJ:Oﬁ)J‘\Sb‘JQuJ@u

GO e e

sS55 (sl o ke 5 sl odSls st (§ 350l 5 LSl pam 0 85105 )
Ol Ol S Ole Syl g
https://doi.org/10.82447/girs.2025.1121573

* Mehrabi@uk.ac.ir -l J s S5, cns


https://doi.org/https:/doi.org/10.82447/girs.2025.1121573

s ”UL‘:’.'/'._’-"’VW’UWU”/'IJ( ,/' Aa

AemA 08 8) Sl O esled O A

ot plie X ysmee dajlssed 53 s e OLES T (S5 55 e
okas QLY e & Sl s iz o 0L |, SAST s e
A Gl eds Sl wliwl d ol ST e pslie Jlsl
by i sl ol a5 el 0dd S5 01 g 553 S
S hodd ol | D 8 9 D Gble Olge 4 psns
Los S 5345 3,5 o 513 hoasdoms 53 S 5 a3 albal lde
osb s seme s 4l ST S e b o 5l ledss w8
wleiss miF S bl b el S s b Ol b
Lo e sl JaSly eins 0L Sy K S (g5b 4 il
Gl Sy aias Ol s als 5 ol (Sl o e
ol 03 il GV (SAST g 2 p3lie Lls (D 8
VH Ol 5% 5l oslinad b sy e 6l g il (ol
WV idas gl a8 Il 5 a5l b s V408 Ll
GlaeaS 5 lp el il o s SVVFE e
et (el =VY/00 5 =YAJOA L il S 5 4 5,8 § yores
old Jlosl dlaalds 55,5 » o Gos Ll oSy Gl Sllee
O gy S L sdel s 4 Slaaid S sl sl
day s 3ls s Shee (p e Sl e 0o S S Saas 0L
0 Slasye G Dl e germs (Sl oo oS 5 01|
S e 5 e e 635 e bl S s Wl 5 5
3B O D Sl s 0 S 5w b e 4l
350 005 ad bl g a el Jaw s 5l (g Aoy, e
ol ot S Jo 1 obls (S K piman (AS o Cons sl

S e ialed a1y wiltag slasl s
sy sl o3l Ol N S 5 sl oy S 16 S s
Gt Jow Comm s GO patB g 2 L e B iy
S S5 o 58 Aas e DL G mlis S e ol 3
Slas o e ¢ Dl o 0B oS 5O el D s
LS 5l 5l 2 (V) il Ol D 5 Slasn g games
Goe bl S Bl e il S Jas Ol O
S ke A 0 S e OB S Ll e e (e
WS ol Jladdl ol a o Ve (YU IS s SUIG
2835 A U | (s e 50 55 5 lad G Seal
o) s 015 s K 5T (e Gl 5 o o2 S 235
et 4L ol 13 eslial 3550 (e sy s | G
Sy5m e (il el oS 5 il (¢ e Gble

7)

g S ol s (51l s sbeat Sl eslizal b Lo slasl s,
S 5 () ol S s bl g, () 1) Al ST
oaliz Il b eols oS 5 ()« ol ok yails A, () RGB
(Slail L SUSS Sl eslinn () 5 ¢ U5 psbad 5 bl
Sl sdaze Gla 2 3525 b paiile (6,850 sSlesS 5 o 50le
Sl eslial ¢ slsly prstaas 5l eslizal b o3 fow bl (6 )l5 et
Gble sl r o3sar Jow S0l3 il s e Sl nsbas (pl iy
Golos 6l bl pslas o S1icwl sl 4 S olsl (g e
Ll el o oalit sl s iy s 5 S 2 Sldlas
el 05 S ey 1y il OS5 Sl Dladlas

R e B R g I L EER EU
il GlacS 5l eslita 1L (et Jow S 5 )10 Al &
RS B W NP WS gy

53 Bl andllae 5,50 akkens Ol 4 00 b 43 1G5 )
433NV 5 az n Y L adds 0 5 3 VY o Ol J ol 1o )8
Db ids 87 5 am 3 8V B s ¥Y 5 am s 0V 5 Jl s 5 e
SIOKES wltngy ol S b0y Canng 4 gl 55 5 B3
S sodd gt o S5 sleesS Sl iltngs il 0,08 e ek o
Stagy 4 53,08 o o 5l 3 e Ol 8 4 O
Wby eaSe 200 10T o555, oo Ok 32 Ol | j3 a2 S
e il aSe 2 ¥ ke b4l caSe A b
andlae 5,50 ailate Ol e 4 s by g5 5 s cpl s ol
oo 48 sama 51 2 slas 038 kb s ol 0 aslin]
05503 et pslal ao e plad il &S 5k 4
3 g i oo Mo WOTIW 5 s ol (5,500 &l JS S
P35 5 8o oM LIS Gla a8 il 6 s ks O
@ Sap gl b Mo s asd e dlesl pslal gy 2
35 ealg ol eline | il s gosme glaay S (e 00
B s S sl addllans 5 pe adlaie gl o S st
o s, 5 B s 6 DT L Olasas (605 5 sl
Lo (sl lime o L o8 A2 Ll VYAV skl YA G s
0 Zl sl i) Obej ns—ad gl 5 il Cdills
b L s ey Bl o8 1d Ol 5 A3 VAN sy 3
2 Ol yar Jow |

S|y 3lie codel s ol S s w55 1o 5 S



Jf&,’du}%;uw,’-w“”;’&;'/r m‘

JeA (Ve E) 5ol O ojled VT s

o3lizul b odelimsay glaanl anslis o 5 o o8 Slasles
Slalas Cilies bl 5o Ll gbas )8 5 calises gla 55, 5l
ool Slaseas gl Ll 5 oo anlllas -l glaail 353 55 ate

Al e e UL 53
AL psbat D M (O a1 gudS 051

73

ol 03 ramen 3t et e S S o e B a3 S 513 Ol
w8 sy 0l Sl IS8 5 se 6 ) Sl bwe 3l aslize | L |
5P e e R b S e (55Tl Ol 4
By 6olaly VL e U5 S glaesls Lo 5 45
ciie gl oS 5 sl el ul SIS (G glaandly (S s
Gblie 53 VG 35 B0 sl 1y Il slal O sl 3,2
Jo ol 4 5l Y ponn oSl (slailad 4 S 033 o

3 2 g e ol Sl als DL (g o o3l | (5 e

S 18350 andlas ) J%ﬁ;\-d}bﬂdf,f,jy S Slsloe 5l oslaal b (6 45 O ghuaig (2025)‘_5,\;— (sl e 1S szl s wlqw

A (I ‘L,‘:,LC‘JL'»J; A Sl Lol 5 53] pommivs 4 i 33 fy

7Y



Vet }3“.’[ (r‘yw GJW/VA:J'J& JLA)N@UJD ‘;3‘.:)"];;? e AJLGLAJ)J:jlW

L0 e la eSS L5 Obe 51 LI &S Llaawlsg,
O3 S8 5 dadilisg) e 03 wgs 2 slasle 5 ol
S S ¢ 585 Lol LYs sl baalesy, JLs sl
Logd OIS 22 S L Jow U5 Jolse e LS L s
Gl LSL L Jalse 5 LS e 35 4 55 630 sl
JB 2 laees GBS s GbLe (S15 dla Joe
22 e JYs Olgie @ s Gballpl Sd B pn S Gk
(St glaand s (V) L pdi o ke 663 O
SaS es Sl gl el YU S L iblia
sl T s 5328 b 558 sl O Sl S
Sl Lol en Lgae (3l et | iy c s ot L
ol dagl oo iy 5 baslr e b3 m s
LS, 5l U lacbly, LS (Ssues slapton
Sl ais ) S el ol an (68 i 5 S S S
Ghla 53 (SB5 Jow 355 (0 Ve (3 Sl 4 e
oy (S SRS Gt el S o 3 (5 4
sloale s K s bolastla 4 sl Ol 0L 5,05
Jolse Sz 5 (535S 25 o et 5 50
Slas e S 5 SSdadke gladul b s Js

V) clos S Jlsin |y s e andllas (g ¢l
e Ses 3 Al slazel B Sledbl s et 4 Ol
S potes 5 pslhe (1L 4y Dl Sl G5 5 a8l O
sblae 56,1 5 s Cal;,— L5 Gloylsale slaesls .5l 5 o0
53 Gledaylsh sub 4 4SS el OSCal | 633 e
B & gl TV ) a5k e sl L il (s pten
st Sl 1 gl am s s Oliaee ¢ oo S 5 (5010
sl LiS1 3L Sl L v id lile (55 sl K

QJLGJ_«-J‘\ J.‘.:Z«_o.ﬂ.x.ulﬁ L}.C'_}a_.,aﬁ VS/‘_)ﬁli))b\)ﬂjl_"m“ )‘

\a

PRV

B 5 el Ol 3 b L 5l S S e
il bosle uy 5 dpase A5 Ol S5 5 ol
ol gl 5 Ol Slans s @t sladle s o |
ol Los g o158 = 53 09581 595 Oy 4 OOl
LI SV I ¢ R PR TN N RSV PN Y P CHA
AU b le (st Glade A2 Ll bl
el 4 S ol W sy el 5 (S5 5 0T scas
350 s 4 LG e of edas Jalse 5l S oS ol
e glaesls (¢S SSw 0o 3 ade 5 LTS sla i,
Sl s Glibag, Glacw [ose 53 AL el ol o
S 4 5 S d S e o LOT Sy Lo
S S 5 o ST el 03 S Ll a2 w0
ﬁé&u@“}m}u@\ﬂ}w}.ﬁqudﬁ éu&
Sy 318 o 558 Gbla 5 ol 25 bt e G5
A e 5l o o3 ¢l5l 5l 5 Sl 5 S
Ol 53 1 g B30l S0 2 SMu5 9 08 o5 —2
SlapsiSe 525 s 4 (640 sladase 53 (W) Wles e
T LT e e
Aas e 11 (5 S sbezel LB cledbl 5 ol S50,
Shedosaaal (g gble 585 Sl (pl ol .(09)
Sl el OF 5l 26 Sl il Bl & s O
(B o3l o e s (SHls p ALE romen ]
Js 5 s 5 il Jie S Ol il 4 Wl 5
Lgﬁ_wafl):%S&pk{)ﬁ;%&w S
(¥ 353 g e OIS il 335 5 £LalST

oS bla s lalius, 5 ba,ed 555,300,405 S s

el o 03,50 Sle s ( ALS R 5 Ol Sl sl



ol i adlae Nz polas 5 &yl S8 50 6l Olewloue 1 eslinul b 6 48 OMew s huaig

s o 2blys (HH) il S s 5 eas ize (HH)
ol SIS o8 ol OL HH s
CL« Sllw 550 53 Sledlbl ol il gl ilad
3 o Olseal s B (S| pl gl ol sal
S ol opl by slas culae 3l ceal K855 LS
Solo 5 —ad Oldl ol ay el 03 does 3 U5
PO VOO WU COUION [ U P W VN I WO P O
38l bl pslas S|y il Cugh, s B S5
(0) ol 53 a4 5L 0T a2 555kl (s

e 53 s Ol Gl re glaBs Ol S
b slsllw s ens a5 of mla b ks e cils
= 53 035 e bl 5o lodil b 5 5b 4 anb Dl bl
& o s 53 ol b i 51 aS S b () e S
Ol,,l8 ols & Sloolsale 5olas 5ledd C\f““ I glaesls
a0 5L O 5 03,8 My ez JolS b o Waesls 5ol 4
Sla U T Ll e b osls 31 o3k 5 e 03 5 34k
s ol Sl eslial dyled Jleel 1y 5 5550 a2
IR e 5 o3l SV s e el (B  (slel pale
b Ol bl b gl o st Sl o
)'IQLQB&\{\K;AQJGJM s e s 4 fee Lo
(0 Gl lome ol 33 4 pamin sla S5

Al S Olge 0 Sl IS S s iy e
ke ol LIS 6l B Sl e (S 3505
03,5 s Ol Sler elide 53 ats 5o (slaesls as game
OSL) (o 51y o8 &l Lol jam p 30yl (10) o |
4 o) g L g s gl Oldie 5 Ol Lils &

Sl Gles i8S ik w oS c il esls |y Ol ol Ol sl

slesls 53 ik Sl YU S an s 4 S s
(e dily (slaosls 035y sz 53 zen 5 T L6
A Osk Bl s Ol adlaie (5l st 53 (655 glaesls
23 el gl il 5 (S Wl Gl b sd e 03y e 5
23 2l G o5 pabad Slesliad b Odew (s 5 a8
20T 5V cl b GO ps 3oy 4
Ll s LG ok oo en) Jow Gble 5l (ol 4l & 4t
S WalS (658 sl Sl esliul bl 5 Of
U VRN R OGN v PP I B BN S
5 Ol |y dS U bl A0S e | s OIS
S M) ks Wl el s s el s ol bl w
Gl ) e dSle (gbsly sl 5l esline | glacys o
wle f 5 O msh o s )l85 o ()13 4
358 B e Slo c]ad S Ses Gble jsons !
e (O 5V G alins SwS o cuale gl
LIS K15 oo Jlaly oS sl opl (lsly (lsesls sLlse
e > iliis (Polarization) ol L adas s
o S ks S (g oo S 2l s 5 Jas!
bliran s 7S o g0 O 55 48 3503 o)Ll Glamio gr
A Llg e s s J s e olwy Jlzl
Ly o holad ij Gl sla S e s T Slasls
Loosbs s H G~ U il e b idas tas e Jlis]
Rl sl Gl S e e il DLW V L (90508 g
o 5 JUEI s G sk 4 0l e b I 28 oS
3508 T3 (Ll w155 J S il s 5o
Loy (HH) ol <l s 8l gbdiSw s(VH)

LI e J:ASLQK;{:M (e A 2 Ol VH

' - Google Earth Engine (GEE)
¢



Vet }3“.’[ (r‘yw GJW/VA:J'J& JLA)N@UJD ‘;3‘.:)"];;? e AJLGLAJ)J:jlW

Jot rsbad il e oS 55l eslinal L s e
L;Lﬂaj;mfdjlzﬁuiﬁélﬁ&b_hﬁibuijjjl el N
Joor Goe edS SR Sl pames il ol eslinad O
o Sl e oS bl a5 Lk sl YV 5 )
Goos ol S e S eslita Ll edd 03 eSS
b o s o 5 L0 008 & i 5 4L
oo o) ke pslal calsie glacS 55l eslax |
el s Ghle 53 o Crw g d Sl s e i
(el o el S8 (st 5 sm 0 W Jelod 5 4
Al llse b de ol p et S cnl il
)Kqﬁﬁéﬁ\ Sl bes gla B 5l eslana | L (gladlas
o Sl s BB osb 4 andlas ol glaasl
oo deo Sl Sl e 5 Sy sl OB LS

GekS g

axdllas 35 g0 aiie

<5 s 8l andllae 550 aibaie Olge a4 s b S

YI G i3 0 5 am o VY ol i (5,0 53 Ol ) Ol
YY 5 a8V Glil i dgb oy Jled ai33 )V 5 ax o
Coaw g gban 53 5 3.5 a&3s Y 5 a3 LV U adss
S o 5 S OKES Al () KS) o | S £
S GlesS Sl g, ool ol w338 s |
Ol o bl 3 S ltogy a5 a8 S e i
peaSe e 40 U ail 5 CaSe e 0 )'loiv__y:.:ﬁ)&
o () Sl it Gl a2 e K b 4l
Sl sl 5l odal Cs bl on e il glaesls
Sl oS s e 0L s el 5 5Ll bl g
£V andlas 5y 50 aies Jla S >l s VL Sl

o

i1 o i s il sbaeslpale 5 Sl e pslas
Gl psbas 55 ey cldl (ST, e e Sy il
Syl 03 5 e g il sLal G el gl Ll e
Olge 4 (A 5V &) 5,8 13 esline | 3,50 (e S 5 5
s bl sl oS s Goee o Gl s ST e (Jle
Lol 55 559, 0 YL alS iy ble g4,
2 6S 3 AV palie deliae 2y s @ g e
S oo ol sdalie LB s lsly sl
S50 SSLSS 5 & (VY 5 A XY Y) sl 6 S5l
sl 3 esliul U L (slaslity gy anlllan (g eslis
() 5l Kl e Sy e Slebl Wl ul (g ylsly
o5 (@) RGB .55 (0) S St sl o)
3 bl ekl b baesls oS 5 () oDl ot a5
355 b gdoaih (LSS Sl eliin 1 () 5 o5 nslas
03l | 033 e Gblie ()5 4 8 (1 skate (sla 530
S5 Sl pslead b ol 51 s (bl sl
ol | o 4 G es Ghle e a v b el D
oy el S 5 eSS Olllas 5 il ol i

(0) Lles
Sllae \WAA Jle s s b e g ag b L3I s
S 2 iass plaen &S (YY) 5 YA) ol as S ol
s Llastls QIS Albts gy slel 5y OV g wg
el a3 [ <=l>.-_?\ Sladlas e o35 55 M 35S
oISt T iy 51T o b hass opl 3 O s esdle
ot U s, 55 el eslinal Gy wg ol 5o b
03 Jow bl SLalis g4, 5 Jutew nslar cils
Wlie l 5 e Guts o o 3 el 48,55 ool 658

Jow S 5 b p i B Gl e 5 Sy K re



ol i adlae Nz polas 5 &yl S8 50 6l Olewloue 1 eslinul b 6 48 OMew s huaig

33.14°

P R RV { U S CI RCO

RGHU JP S I g W

.b)‘ﬁ;ﬁ}aa}"j")ﬁwlhﬁb)y&b.\ Jg.&
Fig. 1. Study area on Google Earth image.
ﬂjLn.ﬁ )‘J:\A \'Y Lﬁ"j;) Cbﬂ_;‘ JJA A ealas | ‘O_)‘ ijf
Je opl el ol gl il ALOS Palsar s,

o3 e e L5 8 il ol (glmesls 0 55283
Gos Sl 4k gl ol slaesls S s e SR |,
woli &S b,y J8 4 oG oLl b )k o
3 bl Slr e Aleds Sl on o GbLs Ol e
Dol 55 00 el 4 alpr WS IO s s s
Sl il (OO Sy il shite 4 el
o aS 5 5 b S5 s 5,5 VV S VH L
et Sl e e Sl S8 5 se s 0T il
S eslizal Wbl A (gl Wd i) 5l ¢ ew S

4.3ca.l...i J@‘&E%ﬁ%,ﬁc&‘&ﬁj)ﬁb}%

osliiul 55 40 gresls

o3ls SJBI 31 Gamd opl 45 esle_wl 5550 slaesls S|
Laesls 31 s gl ol oal Covs s Sl S5 5555
O‘i‘)‘3°):’.°‘5ué‘)§ﬁjs LSLAGQ‘QG\ M_w ﬂjL_ﬂAJJ.«.:LG
A&M c\ J"::—M‘LS‘U‘}“L‘ J.;Jl_..a.? S b)u.':_,w‘ AA.SUG.A
jb)ﬁ.}‘jirwd‘ﬁoiwﬁw.}‘\SW‘LSJL)‘JLSLQQJ‘D
Ol Laesls ol ol YL (e YY) 23 Oy shls
SIS o aal 3 S e 53 oblas s 5 4
oslatul o33 o bl ()15 5 4l (gl Laosls 4 samma ol
Ll S IVV s VH s JUS 55 55 5 Se glaesls .
)j}» o3> L.f}jULS)J USGS .]a.w)SoJ..i 43‘)‘ \ M

2-DEM
"



Vet }3“.’[ (r‘yw GJW/VA:J'J& JLA)N@UJD ‘;3‘.:)"];;? e AJLGLAJ)J:jlW

Gay S o b0 K5 ppal id g W w 5 Al
ol fl:-";i}*AJ 9 4@4}@4 Y LA ob&lw‘[?di‘ BN RS
‘3MSJ\;-)‘Jaﬁﬂréjgiiw\nﬁbbni‘@b.ﬁ)}auhmd‘f
5 L sl aen b 65 L8 Ol YAV il YA 506
Oé)uﬂ},ﬁ: cJ‘J{Q)JQL&Jﬂf@Sd\f}M\J@U@A
L ds Sl Bl 4 a5 as Olisl 5 2l3 \WAA sy
Sl sl 2 Sl colg 5o s Objen Jow 23l 500
amS 53 lad s eslana | gl fe Sy 03 5 o
sei by b aS e | lsly psla s gds Al cos -
K 6 S 65 2l el e 03 iS5 e s

(\A)

ilises O gaml 525N SLAS 5 sbon!

o alie ghls Y gl S i aS Lkl
oolde 5l aslie il opl Rl glie @tz WS ST
L LS ([dAB) s amls b e ) olidie 4 ot
2303 SAG5 el Jads Gl el Jlesl dslas

(YD) el ol

6o @By =10 - log10 oo. D)

S g od—d S S| ey ol (o pmewd Al L oo

sl geS
G e b g aS (Sl e WSl
ol 3l (S ey 5 o bl 4355 e 5L et
Jle (gl ccal o gline O ol 3 D & ol 5 Ol
033k (Bl oS5k 5 s35ee Jlas) VH 05l
VV JUS 8 Jb= 3 5l ez SaST, axb s 5V
b 53 5 5VL o33k (82508 C2S5L 5 (65 500 o 5)
sy bl 5o (Jle Olge 4o ls NSl (Sus
sdaze glaastl_d O, IS o (o= S| b alS

v

3,08 5 dlesl 51 L3 s, S8 4 oy slaesls Olge
= o Lo o0 o bl ()ls il g ) Sl A
el S 3050 51 2

F Sl 8 el Sl Sy el ) S5
s Sl cpl ol a8 wey opl 3 s el b jae
(SEL 5 Sler DSl LI OF 3 oS 63 a5 al b
o Sredls (e G Wume (O e e
cilizes Olalllae j3 g odd A5y s 4 e o8]
S I3 b 5 aen 53 (V) S | p o e3lin | oslel
B ol Ol s Gl Sl Sl & o 2
ol Sl 858 L Sl eslizal (glolgale uslas ol
ol aLils pdliee n 53 g B S, Sl Ol b
Bl A g ek mle pgle o5 s ule lad e
YY) el

P e Sl

Sl ol ose Sl G it po e 4 S
o5 G sl SPUE o) e slald Jlod 5 4
Sl G s Js S e plsl Sl JS S
b candllan 350 adlae SLWl 3 il bt g slul il
S o asd s 5 OO )b bg e sla s S
@ sl A plonil L el ples (sl J e ol
bl e (G055 4k B gl p a5 o | gladkaie ol L
jzumgﬁ;lwu;ﬂ\poljsybuz,«}f EP S
Sys0 akkaie e aSl 3l ey S sbeul Sl 8 S 5555
Sloslgale sl sl (51, OF 1 s 18k anlla
Ol a i by e 5 sy opl 5o s ealizal ) oz
robas 05 5 als ur}bd}jﬂ..)w:} oslats| aadllas 5 g0 adlaie
wwrwu:\g\dd)}bg.wl\ Jats 40 goa
e oS Sk Sl S8 55 00 e nslas
el 2 6K A Tl i s i LOTIW 5 5

sl pslal S5y » Js5 5 Gosme ol 8 Glaay S

3 - Sigma nought



ol i adlae Nz polas 5 &yl S8 50 6l Olewloue 1 eslinul b 6 48 OMew s huaig

(VV_}VH) U,i...]a_;_}b U’«" )‘ alises ;A.:SJ:: Vo aniles
d}ie:-b_}.i umﬂl:(\ J)J&.-)E&éﬁ)\}w)ﬂby
(il obod gl S 55 3 4, esie Sledbl 5l Ol e
sslatu | (g o ladaowe 53033 fow bl slu L sl
Jle S lame 5o kel (e o oSS i lw s S
L;lfl)lebl.ﬁ_w\bjo‘u.:\ ¢.>_3_J:L;a(=t>ul;"))l ijf)):’}a
)}Ja.ﬂb &A}ﬁk})“\}l%?bﬂi@—ﬂ)b@h;j
cwlﬁb.bﬁfw)‘ﬁeaulm‘bjfebjdﬁ ybc\f&:ﬁ&\
Al (gl (635,55 8303 4 gezs Olge 4 a WS 5 pl
oslizes | wliw Ta 255 5l eslize 1L o3 Jow blis (5515 5
sl alded ol Calie glacus 5wl sla ks s

) 0l A J}.,\;—

Q}f@)@#@dﬁsu¢ﬂ)laa;)aj4.2,;‘.).:))5-}3
M)w)bm&})}e)\bcjdﬁybﬁ‘ﬂcLAdLmZ?-L»
oias BB oS 5 s gl 015 e SO gla kel
coba 38 ool | da i Lol S5 b Ol adas OLL S S
Sl ol b dal g meS SuSl, ol dles Uilo
MJ\J‘)J’\)}J}WB&)J&J})} Ole e iS5

Rt
S sk oo et Ji Sols patd e 4
o b s ol il slaiS 551 0l e VMV 5 VH)
Ll S 5w g palaal o JL S 5 5 S esla il
@\)%Sd)}éub)bﬂdﬂ)ﬁ\)iéwd)ﬂ

kﬁ\)}.u\.\; e:\.&:\.‘u\&d M&‘_}fd)bbﬁ}u;&ﬁ‘b

N et pslar gl el 5l e glacaS 5 Jgue

Table 1. Different combinations of polarizations of sentinel images.

(VV/VH) i | VH S|
(VH?+VV?) Sl psame |V W S|y
(VHZ-VV2) e aus | A (VHEVY) groma | ¥
(VHZ*VV2) Slupcss| 4| (VHVWY) i |t
(VHIVV?) Slaso o | Ve [ (VHIVY) o]0

o olie shls e ble VH s VV gla ik s &S
L n ey il gloi b s s ool Sst,
Gl eds Gl s dl ol a5 gl Syl ol
Sl Cond 5 g KA leslos) fow Gble guadd
@jjsdnjtw\;);_@sg;_w\_};ujm_wi»m,;
Ll \J.;,-ﬁjlaﬁ&bjdwldéﬁb_&uﬁ
waS S lony Jow bl b e Ko by e OF gl S

Shwl a3y,
Gble ool jsbe sV gla 2sls G el 5l
oslas Jd= 5 ol c\)lﬁwéu%s;rus 03 Jow
Sl P 3 S8 e B pslal ol s A g
woslie b sl S5nsboeldy 53 yase L5 gl Jslis
(s Gl 3 e (10) | ol S e oa il T s,
OF 3l oslizae | 5 oy 33 aseds gl ol SO plo b

A



Vet }3“.’[ (r‘yw GJW/VA:J'J& JLA)N@UJD ‘;3‘.:)"];;? e AJLGLAJ)J:jlW

okl Syl 88 5550 SIUI 55 5 g0 olis,l Jls
A6l 26 Je e sl sl Jlasl Sl g A
A e adsl L &Y Olge 4 5 el sll S S

03 et A 5l e bl OBl g e e 4wl
oS

| L‘Mi’ms)li_ aoslr il S C)L* (S Gble 3
Ghla Oy o Ll VSl (281, conle s w0 015 0
SGble pl Gl (gl Aot odil S (g di o) fows
033 Jow GbLe 55 Gas e bme (mdly oM (laes s
s kel do Ges Lies OB a8 bl | s
wleld o Gee Lol cute gla Sy opl 45 oK
ol 3l lagdn i U 58 Gl 1, gl Ol 5 oo (Lds
N F T P R S P e e
ol an dE el a5 (VW) O S 2o b
o e il b2 T Gas e 28l
llw 53 Il pl o5 O Gas dwlows Jig,y ol
3y Y Kbl (V) 1S el o5 5 0l  GEE
L ol i ddw sl 5 o3l gl a8 5585 &Y
(¢, DEM Slads 21 el () coul 53555 DEM
S sl il Olye 4 65) ad sla Js ) 6l
e D plE o asd (1) (W33 o 0ol (5550
oo (258035 51 U8 e35doms 53 a5 b 2 6l
035 oS b oo O Gas nlons () 5 055 (55,0
P g e e N e D)
53 (YV) LB 8 esgdom 53 S U4 a5 (DEM)
Gor Y Gl (i sl o Gos S s ol
L pbedshe Lo seld Gl do Ges jlie b s &
L oB2 gladsbe oo JL do Gos 5l 2h 3l
e ol adal (Sl Gble Olge 4 jio Sl 2l Ges
BB Olge e Ges Bl Sl 5ol a8 ks

5}"’15& a.l.:AU J‘S“”

9

b b S b Ko led s s ol
&)‘ ‘k?;'«i“).} w\ob)‘kwﬁ&yu)bﬁ‘yld L;J»S‘ﬁ
b ol Olbssl ol ol 5 s eslite sl
e)ﬁ_}bﬁj\ J}}&L«;Jﬁb s oS Ca_wlu;“l
UA’L‘/J‘JJW ML! 4:.«.::‘.) b})hﬂ&j b.))'(’k.w LSLQM
Sl e b OF 53 oSy p3lie Sl i 5 pl S g
S S Dy g S Al (Ba8 (S 5 e (gl
AE o il T lie Sl eslize 1L andlas 5, 40 dikaie
Mt_wiuij))la.)w_wlbj@)‘ ‘}fjf));‘}a).)‘}.a&w‘

.aﬁfwrﬁ:j\
SIS Ll a1 il ol slaag (g5lw ST (ol
ik}f w‘bw‘ oLl a;UJMlGEE ML&L.A DL )M;‘ )SJ?
3Ly e 3L O sle 5l 51 (g 0 g 03Dl Gats
Sl 3 S il By Bl e e ol
om Gk SSE &S il (I8 Skl d 58
gy bl anl s gla e Sy 5 ails i b e S
A4S Gusb 4 LS el db g e Sl S Ll
MQJ\)CMASJ_SMB}g&S‘J}b)'%LLJ
Q\QW‘#Wc&‘})>4§>HwLAJ~%J5‘J
Sk kb 5l ey (TE) 55 b a2y W OIS G bl
(o] S s Sl 5l oslizal besy fow b 5035 Jow blus
bl (1> 4a s s ;.j) sls uT ) ald sl
lidl 4 o Gl b a G gl (L et b sl Sy
&ﬁéd\&bﬁﬁyj\ (YE) 3535 0 a8 ol gy aib
o 5 oy ol bl Olse w3l OF Glls ole Vv
035 S bl Olgie 4 oS Gl ol i 4 § L 55 alls
Aol a5 LU Gl gl e s A5 0 )
P N TR PR U S - PR T o S
S ol pl sl i e adia S gl L Gbla o

4 - Peter



ol i adlae Nz polas 5 &yl S8 50 6l Olewloue 1 eslinul b 6 48 OMew s huaig

sl ol (555 e 5 (S KT s WWAA Jle sy 3
c))_n;&e.«bﬁl_‘iﬁv b‘)w‘_}g_‘:)b&})w\dw‘@
)bsbaﬁu@bwbéjyuj.\mwa\’ UL“J"J&:’
(&_ﬁ.“YJg,;)@‘azﬁbﬁfcbjbudij‘dhbj))@
53 5o a8 plamil (glaly Sla ldoss (G s, ) ol
a)LmZJ.i_Z(Cch Ji.i)g:ﬁ.w‘a.,\..i dlj\o;jmw
5 VH al Ol 53 (S8l g polie (2 o) ¥
VSL;.LS\ﬁwLSb‘JASMJ@Ql_&;b&LAd&Aeﬂs
oy LIS 8 ija._..«j daosl> uT SUH{ P TCIW Y
b ible b ol aile 22y Swisl, b bl
sl o313 QLA Qs IO 53 o 53 dies alS i
J{Gdﬁ;{i)l{cyj@abj&&kbdo)w(}gjé
JEQ;&)U}:JLAebb; J= BB RS A odal__is

osp s by lia 2K o ppal e
Ol 03 5 edd S als y andls ol 5 50 S es gy andllas
(o ALE e Slzel Gl e gl Ol 4 SR

23 S 8 sl 5 4

ods gbsy
4 el g aab | ol Cmsd 4y S 5l Olabl ) slate o
Sao s by 2o S 5l ke b Al s L))
0 sl oS (gysb 4 (Y [K2) A eslana | OV sl
Sor blo SuS1 ) el jasiie slsa oSo syl i
blE 5 (W oS o JS 55 o5y )50 &
SLaS 5 s 4 odd sy wg psbas 53 0T s bl L
a3 5 4 S 15 e lie 350 a0 sl O il
Loy sodel s 0 JS S5 d s bwo O et o Sl
sdal U ISE 3 il e 1 0 sS55I K o

Sl

bl ) e ppad o) pabe Tas o) dlsl b
i Dl b 855 bl s b e slast; 200
Coge w) bl JSKE (gu) pandllas 5 5e 035l LS
3l e andllan 5 g0 03 sdoes sl asiin ) 5e 3 008
0 355 S aislm w53 S S| 0 fy gd 03 5dos

L aadlae 340 ke j‘ () sl BY3) j‘ ‘;ﬂ}h wﬂﬁ (C)VH s(b,)) \YAV/ Qx—n‘ﬁ))&g’ ﬁ_,«dﬁ Y JS.&
Fig. 2. VV and VH polarization image and aerial photograph of the studied flood.
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Fig. 3. Histogram distribution of four different polarization combinations from the studied area.
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Fig. 4. Flood map obtained from basic polarizations, sum, subtraction and multiplication of polarizations.

\Al



VErd b (r_,»a e)\.«&/rh.s}iu J\u)@_-bcbe).: bl pr OMbl Sl 5 595 3 Gow

VV2#VH2 VV2/VH2 VV21VH?

.ua,,,u;,_,uig@fﬁﬁa,y,a,&,s‘twgl.mwwdy4.:.35.oJs.:
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Fig. 6. Comparison of the accuracy of flood maps obtained from the sum, subtraction, multiplication and
division of the squares of the polarizations.
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Table 2. Error matrix table
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Abstract

During natural hazards such as floods, accurate
knowledge of its extent is very important for
emergency response. Despite numerous efforts,
there are still many challenges in automatically
processing Sentinel 1 images to produce reliable
inundation maps. Currently, there is a knowledge
gap in using different polarization combinations of
SAR images for flood research. To further
investigate this issue, the flood of April 5, 2018, in
Pol-e-dokhtar city of Lorestan province was
selected as a sample. At first, 10 different
combinations of two main polarizations VH and VV
are designed. The threshold mapping method was
used to check different polar combinations made in
flood mapping. To overcome the overestimation of
flooded areas, the flood depth estimation algorithm
of the Google search engine is used. The results
show that among different polarization
combinations, the combination of multiplication of
squares gives the best performance for flood extent
mapping, and then the combinations of division of
squares, sum of squares, and V'V basic polarization
perform better in this field. All the analyses were
done on the Google Earth platform and this strategy
can be used for flood mapping in any other urban
environment. The findings of this study can increase
the quick assessment and accurate decision-making
of relevant authorities concerning urban floods.

Ali Mehrabi ! (>4)

1*. Associate Professor, Department of Geography, Faculty of Lit. &
Humanities, Shahid Bahonar University of Kerman, Iran

DOI: 10.82447/girs.2025.1121573

e-mail: Mehrabi@uk.ac.ir

78

Extended Abstract

Statement of the Problem: As a spatial processing
platform, Google Earth Engine has enabled fast
computations to work with huge amounts of
continuous datasets on a global scale. Along with
providing free processing power to scientists and
researchers to analyze the earth's surface, this
platform has allowed users to access a wide range
of time series images from different satellites. The
backscatter characteristics of ground objects in
radar images can be used to distinguish between
different objects and highlight the changes and state
of the ground. For example, backscatter in deep
water areas is very low, but increases over vegetated
areas, and increases in urban buildings due to the
double bounce effect, which can be seen in radar
images. Some of the techniques used to study flood
events using radar images based on backscatter
information are: (a) histogram threshold method, (b)
RGB combination, (c) change detection method, (d)
data combination with using radar and optical
imagery, and (e) using classification techniques, in
addition to machine learning techniques. Despite
numerous attempts to map flood-affected areas
using radar images, using the potential of these
images to improve flood mapping, especially for
urban areas, has been neglected. Although radar
imagery has been used for many studies to map
flood extent, few studies have examined
polarization compositions.
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Purpose:The aim of this research is to develop a
suitable approach for urban flood extent mapping
using different polarization combinations of
Sentinel 1 images.

Methodology: Pol-e-Dokhtar city as the study area,

is located in the west of Lorestan province at 33°05'
to 33°17' north latitude and 47°32' to 47°43" east
longitude and in an area of 400 hectares. The
Kashkan river passes through the city, this river
starts from the Zagros mountains and flows from it
to the west of the province and passes through Pol-
e-Dokhtar and flows into the Karkhe river in
Khuzestan province. Its flow varies from 5 to 190
cubic meters per second, with an average of 30
cubic meters per second . The second step is to filter
the images from the Sentinel 1 collection. First, all
the Sentinel 1 images are loaded in the Google Earth
Engine, then their IW type is separated. After that,
another filter is applied on the images based on
ascending and descending orbit options, and
because of the coverage of the image close to the
date of the flood, the ascending options were used
here. Finally, two filtered images were created for
the study area, one before the incident, and one at
the same time. For the image before the flood event,
the image dated March 28, 2017 was selected,
which met all our criteria. And for the image of the
time of the event, the image of April 5, 2018 was
filtered and selected, which coincided exactly with
the peak date of the flood.

Results and Discussion: the histogram distribution

of backscatter values of basic polarizations, sum and
subtraction obtained from Google Earth Engine
calculations. In the graphs, the x-axis shows the
values of the backscattering coefficient, while the y-
axis shows the frequency of these values. The
threshold limit found for each combination is listed
below its graph and this value was used to classify
the image into flooded and non-flooded areas. The
threshold value in each combination is placed in a
range where two groups are separated by bi-
exponential distribution. If the subset area is chosen
appropriately, the histogram should have a binomial
distribution, such that one peak represents flooded
pixels with low backscatter values and the other
peak represents non-flooded pixels with high
backscatter values. is higher In this research, the
optimal threshold for Pol-e-Dokhtar city using VH
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polarization was estimated as -19.04 dB, while for
VV polarization this value is -11.34 dB. These
values are -28.58 and -12.55 for the sum and
subtraction combinations, respectively. Also, the
operation of removing pixels with zero depth has
been applied on the maps. A visual comparison of
the obtained maps with aerial photographs of floods
shows that the combination of multiplication of
squares has the best performance, and after that, the
combination of division of squares, sum of squares,
and subtraction of squares respectively have been
able to measure the extent of the flooded areas.
measure the extent of the flooded areas more
accurately. in the map related to the combination of
polarizations, the edges and borders of the river
passing through the middle of the city follow the
flooded border on the day of the incident, as well as
the flooding of the main street in It shows the length
of the river.

Conclusion: The research demonstrates that

algorithms combining different polarizations of
radar data significantly improve urban flood extent
mapping. The results of the research show that
among the different polarization combinations, the
combination of multiplication of squares, division
of squares by the sum of squares and base
polarization (VV) have performed better than other
polarization combinations. Also, removing pixels
with zero flood depth can improve the accuracy of
work. In all four combinations mentioned above, the
overall accuracy is above 70%. Of course, since the
spatial heterogeneity and variety of land use may
greatly affect the accuracy of flood extent in urban
areas, the results of this research cannot be used
exactly for every city. Rather, different polarization
combinations should be tested for different urban
areas to determine the best combination. Also, in
this regard, the use of Google Earth Engine cloud
computing showed how much this technology can
increase the speed of processing and analysis of
heavy and high-volume radar data. Overall, the
research findings showed the efficiency of using
different polarization combinations of radar images
to provide higher accuracy in flooded areas than the
basic polarizations commonly used for urban flood
mapping. Future research can focus on improving
flood depth calculations and then comparing the
findings obtained using different methods and their
applications in different study areas. The findings of
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this study can be useful for emergency decisions in Keywords: Flood Mapping, Polarization, Radar
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