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Abstract

Morphometric study of a watershed plays a very important role in land structure. Remote sensing
methods provide a good tool for studying and extracting stream networks. One of the common
methods for extracting waterway networks and conducting a morphometric study of watersheds is the
use of Digital Elevation Models (DEMs) with a high spatial resolution. The purpose of this study was
to extract stream networks by using the DEMs of high spatial resolution, such as ALOS-1 and
Sentinel-1, and those of medium spatial resolution like SRTM and TanDemX. To produce the DEM
by using Sentinel-1 images, the INSAR method was applied. Finally, to validate the accuracy of this
DEM for checking Sentinel-1 ability to extract stream networks, the ALOS-1 DEM with the spatial
resolution of 12.5 m was used. The results revealed that the produced DEMs by using Sentinel-1
images had a high correlation of about 0.99 with the reference data of ALOS-1, thus showing the high
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capability of the DEM for extracting stream networks. The results of extracting the waterway
networks demonstrated that each of the two DEMSs of Sentinel-1 and ALOS-1 with high spatial
resolutions could extract 9 waterway networks, while the digital models of SRTM and TanDemX with
medium resolutions could only extract 7 and 6 stream networks, respectively. The studies indicated
that the baseline parameters, as well as the time difference between the two Master and Slave images
in INSAR, had to be highly considered by researchers to improve the quality of the Sentinel-1 DEM.
Keywords: Digital Elvation Model (DEM), Sentinel-1 Image, INSAR, Stream Extraction, Remote
Sensing, Taftan

Introduction

Stream network is an important feature for hydrological modeling, geomorphological analysis of
the landscape, and many other applications. Recently, Digital Elevation Models (DEM) have emerged
as a powerful tool for assessing landscape deformation via time, place, and especially stream network
analysis, which itself requires a DEM of high spatial resolution. In Iran, due to the lack of DEMs with
high spatial resolutions, more digitized topographic maps are used, which are time-consuming to scan.
With recent advances in optical and radar remote sensing, these limitations can be partially overcome
and various methods can be used to produce DEMs. The main advantage of using radar data compared
to other methods is that these types of satellites can capture images of the regions in any weather
conditions and even during day and night. This can be an acceptable method for producing DEMs with
high spatial resolutions in different spatial and temporal conditions. One of the most important and
common methods of producing the DEMs of radar data is using INSAR technique, which considers the
phase difference between two radar images to produce DEMs. So far, few studies have been
conducted to produce a DEM with high spatial resolution and finally accurately extract waterway
networks in Iran. Therefore, the aim of this study was to generate a DEM between Sentinel-1 images
by using InSAR and evaluating it with the ALOS-PALSAR DEM. Finally, using the sentinel-1,
ALQOS, TanDemX, and SRTM DEMs, the stream networks could be extracted in the study area.

Materials and Methods

In this study, two images of Sentinel-1 with the time difference of about 12 days and baseline of
161 were used by InSAR to produce a DEM. The D8 algorithm was used to extract the stream
networks from the DEMs of ALOS-1, SRTM-1arc, TanDemX, and Sentinel-1 in the study area.

Research findings

The DEM produced by Sentinel-1 had a correlation of 0.99 with the base-altitude digital model
(ALOS), but the standard deviation between these two data was 31 m despite the obtained positive
result. The DEMs of Sentinel-1 and ALOS-1 were both able to extract 9 rates of stream networks, but
the DEMs of SRTM and TanDEMX were both able to extract 7 and 6 stream networks, respectively.

Discussion of Results & Conclusion

Analysis of the results obtained from the compatibility of the DEMs of Sentinel-1 and ALOS-1
showed that the high correlation between these two data could confirm extractions of the stream
networks, which exactly resulted in the same extraction of the stream rate. On the other hand, SRTM
and TanDemX satellites both had relatively similar results, but the reason for not extracting a rate with
TanDemX compared to SRTM was the different spatial resolutions between the two satellites.



s S roaal 5 Wl s
ﬁ Y88 o V6T Okl ¥ opled AF oL X0 Jlu

gl .
VAN g CAVA% P
ke AR ZRVARVAR S-SR AERRVAZAL ) 3

ey Al
‘Laaal i T Al 1 V= i sl 5l eddag ()l e gy e CekS o
O pul Lo g 5 auks andlas

IRl s ama 5o 5 (G paal p odSilac 5 oS Ul o DML (s 5553 31 o A1 (bS5 g sitge (slanae

mostafamahdavi842@gmail.com

IRl s im0k 5 (g0 paal p 0Silacs 5 oS L o DB (s 5 593 31 howies (51 Sl Glme ((sikazme o 2!
mohammadi.ayub@tabrizu.ac.ir

Il o a0k 5 (53 pal p 0dSEac 55 o8BS (559585 50 55 05,5 plad il (T ple Lo, e s
rezmogh@tabrizu.ac.ir
01l 2 o e 05k 5 (3040 2 oSkl 45 o8y Ll jhom DSBS (s 9 533 31 o 035 skl ¢ coslien S 1)keo
sa.karimzadeh@tabrizu.ac.ir

oS>

St 5l 5 s Gl omlin Dl 33 31 i Sla b g5 3015 (e Sl 3 e Sl 1 sl A S (g e sn o
P o) Sade 5l S e sl Ko e s p 5 Rl S gl A Gl el b Sl S T sl 4wl
Al sl S S wnu b e 8y sladie ) a>m1punﬂix@c~ﬁ;ﬂu (ias opl 5l G ol sl S S ey L
Ll o8 dde b shan ol oS0l 03 06 5 pl 5 LT el e e e SIS0 SIS B b o5 ladie 5 ) et 5 T
b e eslial e 3T 51 oLl e g8y e ol 8 szl (sl aulgiys A5 eslinad (5031 omimn J5H s 51N Juti
a0l 45 /A spa  Steen hils (o)) Siass ool 3 e 830s L= i Sl eddag ol a8y Jde oS Ol sdasolis
a3 L el esh,y dde 53 45 Coel O 5l Sl anl ol A s ol sl ol s gl 53 ol g gs) e cnl 3l okl
b e SIS SSE a8 L e85 sladie S Sl s s S ol sl | aal ol 405 4 sl Pl 2 o s V= e 5l SIS S
Sl 48 el 0T sasilis ass cpl 55 b 5 S el | anl T Ae 5V L il o e WS 03 ;;t;”“;jwl
e JFIS 5 Aot 5l el 9 e Sl Ol e 5 L b sla el WL V- s o) e e Sk s

358 3 0Kk a5 se e 131

093 ) Srewes (Sols el (55l e JH (bl slas DEM :(guads” slasly

J s s iy 5
S V- s pslas Sledd 4 oWyl pagdy Jhe CulS s (VE0Y) a3l RS e deze eldis LS, (ol (e ISV PR v
VY =88 AY) PO e (g tolip s Ll OB ol w53 el aalllas ilaaal il 2 sl

2252-0910 © University of Isfahan ' BY NC

This is an open access article under the CC BY-NC 4.0 License (https://creativecommons.org/licenses/by-nc/4.0).

d 10.22108/GEP.2023.135341.1547


https://portal.issn.org/resource/ISSN/2252-0910
https://creativecommons.org/licenses/by-nc/4.0
https://doi.org/10.22108/gep.2023.135341.1547
mailto:mostafamahdavi842@gmail.com
mailto:rezmogh@tabrizu.ac.ir
https://orcid.org/0000-0003-2626-4656

VEF Ll oY ojled A8 by F0 dlo ( Jase 55,00l 5 5 Wi 3

VRV
5 Mt (S5 8,50 85 i san 5 S Pasds ledde Sl e sla Sis 5 aal ] i
o G O ol 0L s gl aal T 55 ens (Luo et al., 2014, p. 183) el Kos slas 158 51 (s b
S5 50 S oy S 4y IS ke (Cho et al., 2007, p. 3182) —oul (555,45 Sl s 2alS
Parveen et al., 2012, . ) 555 0 5551 2 5 cpmesss ool Gladle gl Gls g, 5k, sul Glas s> dal Hf s
DL 0lej b Sl IS0 s bl sl dead 58 (515 O e 'l esh, sladde Sk (1042
Of sl La i ((Paul et al., 2017, p. 311) ol 03 S 5 seb anl )T &0 Lo 5 s 0 bofosas
o Sa) 35 o iy O 51 G2l 5 s SleMbl (o)) 85 e SIS0 S8 S5 5l 31 L oS
waly ol 535 die JLSe SIS 8w aal 352 o 3 s cpl 31 EAY Lo OTAY OIS
Ol U ol g by Jids Ol Cle w508 55 54lse 3 5l s (Paul et al., 2017, p. 311) ..l
Sliia ml il 5 ol s dbe g shten s ld e s35 5 Sl 1S 55 sl 1ol SIS S
SV e da 3 Sl iy bl Al b5 sl S35 4 5 03 i) ) 4 53 e eslinal O
3Ly S C3a b ol ashy dde calites gla hs) 3l esliial Lo el Jidgy (9354 U s gdome opl 553
(M 1o mad) ey Slbas 1ml) SUST )l 51 QB o5l o agd S 5 Sloj Cossdons Oy
Bossler et al., ) 55 s oslenul ol&,l o8, dhe i 6l JIUY ST 5 (g5lsly e 105 (6 20l S g3
Sl = — dxﬁ“@‘) o3y 5 Sl loslsabe slas W gy ol s 351G Jansen., 2015, p. 102010, p. 25
< 5 .(; Ghannadi et al., 2022, p. 1Jacobsen et al., 2013, p. 483) .x;;jda led a2l esd, Jhe W g
5l s ol cidoe Bl s sl g ool & ol nl oSl sl b aemlie 53 50l sl ol
3 G Sxriml gl Sledind s oWl gy sladde )lse & p o Ldess ot 3 by 2
.(Ghannadi et al., 2022, p. 1Bhardwaj et al., 2019, p. 1) {53 o 540 bdde cpl CudS 35 sl 51,
ol sl sleslil b el o8, sladds &g 1 s ST 93 gl S50l 5 by P 1
5 e Sl ol S sl s L ool s sl Sl (el Sl s e
sydin ad S LS 4 50 sladt&w Gl g sl i (1 55 5 eslinad O slize HLEl &l (b oy
aal ] g Al (gl WS Ol 5 (SO 0L 6l n Sl g8 53 el (Crosetto., 2000, p. 367)
= ol libe s, ;<L°~° L sl 58, Je ;fi-’ (':‘i)ﬂ‘ S L‘”f‘i)jﬁ‘ UL ISR @‘)
A b 35 S S5 S, L Laaal ] gl Al shen eli)) a3 sladde (o onl 3l 52 00
K gl Al ke Ol 55 oS Hls sla im0 2SU (Amatulli., 2018, p. 1Yan et al., 2018, p. 1322)

1. Digital Elevation Model
2. amplitude
3. Phase



Yo O)Ken 53 35 o0pe Alaae Wanlpl ol Sl glp V= Jaitn 9l 31 oddags (2,1 o385 Jdho CodeS (s

Lol a s ol ol ol plddl sl S K5 05 b ol e gd, ladie Sl eslizad b aal i
sLos By o gh) ladite Sl aal ol 40 2l sl 5ol SIS S3s b o)) o8, Jie &g sl 5 5D

Dys o dr s

PRI Ao

58S s slaa il Gl shew leddag oWl i, sladde OYAD) 3 b (ool 5 ool
3P slapi, 58I S il Ol Wl s S bl sl &by ol sl ) shiens 5 s sl Ko
Sblie 53 5 015U 355 Job sl b sa 325 sl o oS Gbla 3 oli) a3, sladide 3l anl 1T 2 s
el 035 0l e glall b oy

Jis gubly i 105 ST 5 V= i slad 31 eslinad L OVFAY) 01, Kas 5 (63l L s
o e Glins 1) olis )l 235 48 55 O 51 (Sl mls L3S 4 15 01,6 Aoy 5 b ol oa38)
Shas 10s S slgain O Kiasn cpl sl e VoYY 5 VYT Uslae Slen S 5 Slsen bl )3 s ja ol )l
el Sl S 8 sl bl 2l o8, baddle Lg sl V- e sl

Sl 4l o2y Sl Ol e g 3 aal gl Al s sladde (bl gl OTAV) OLSs 5 0 S
Jues 3l esli ol a8 ddls HLbl o Ry Lo S eolinal e v oWyl asdy dde SIS0 &35 il 5 55
el 0 anl ] gl s s Gl el eli)) a8y dte SIS S35 35 nosdle il

3 FLE B Jde g Gl p e ) S S8 DB Lo sl laesls 31 s 5o OLKs 5
S350 3l o3kl b aal ul JUIS Lulis oS 55 OF saasOlis sty ol gl i S 6 g anl 1T 2 s
(Choetal., 2006) s,l5 s 3 Shae olis,l el 5,0 S L s 533 wlde s

oslial ;e 0 s Uy elis) ey Jobe 5l OLE Sldllas Al s 2Se3 80 sl ¢l KI5 5 5
Ll Laaal of b g sl tiles gla zalb B s S 0B 1 0 Kiagn olil pogd, Jde ol 5l estizal . dis S
.(Liu & Zhang, 2010) xS gl ol ds

Ll S s bl sl (sl s ol 50T o) Sl o) ot sladibe 51 0L 5 Sl
Dot i3S il e VW0 e 8 LY T e sty S L ool il 5 i S o anl ] 30
Rl 4 (1/0V) Dl o :80hs iy sl o 108 b o T o) o535 e o8 2515 51 OLES 3|

(Shawky et al., 2019) 3,15 s 5 » Olgr 258, sladde

1. Shuttle-Radar-Topography-Mission (SRTM)
2. Advanced Land Observing Satellite (ALOS)
3. Digital Surface Model (DSM)

4. LiDAR



VEF Ll oY ojled A8 by F0 dlo ( Jase 55,00l 5 5 Wi "

S 5= e b ol g3y ddhe ags 53 3l 93 LIS s |41 gl i ghaeay O Sas 5 (g3l
Sl Fie b Olstean olgdn s a8 Al s o ol 4 O K s S eslind aJS (gan ¥
(Ghannadi etal., 2022) s 35 o eslinal V= ks 5 slad 5l eddad 5 sla DEM 85 2 ans Sla 5554

e b gladaie s s pl |y sl ol bl iasn opl s Sldlas dilaie Ol geas Ol ol 55>
Gl bl e ol & Col Cosanl 3l ool (Y 51 455) ool laastli e lls 5 3L ity (s
s 3> i ol ol ol Y 51 Ss (S sl ol gl e 53 ak e s e
231l Slaslne b slolgale (slaosls 035

L) by Jde 5l s 5 s sla fiasis 53 058Ul sdalive i gla fass 51 4S5 sboles
sl dn > GEa iy Gelal s R cal S 5 e eslind sl T A 2l gl slates V=
Lol oLl s s gl w5106 55, W)= s 51 o)) o gy Je g (i ool 5l e .
@)_aﬂ;ukju)-\uuizg_\:dﬁ_wt@_@ﬁj,uw/o S s LV = LL e T el e 3 Joke

A dial g ) s alie S L s ol Sl s 06 5 ol T el el - e sl

590 9 3

S caaldl ol ods 4yl el sy g glmesls 5 Slallles dilew 31 (6 patdes Slees 55 SS pl o

Sy o o g4 o Laesls J.>T fkf 33 548 S Syso E3ln (GE31s i ealinals e slaesls

axdllaes 5 go Ailate
ol Ol ik s (AL Ol e (62 skS ¥ sl 3 (Ol 0,8 GILbD Ltass ol sldlas ik
4z YA Jld (o, (B0 dsb addo Y 5 am 5o ) adds 04 5 ax 5o W Slaatis o aslllaes ) 4o didas
pow@miw@@f@@\@u)\w%.(\ JS2) sl 5 aids £4 5 a3 YA 5 akds VA
L LS b Goss s olinal (ol sl addae SO5505S1 cnlul bl i ol e YaEY gl
gl osls | Si5 e s oLS |y ad g LS i I Lol 65 S axlse Ui 5 s sdms
VOV 5 (Olies Jod 53 Sk i) ;e ke WA iy alee ol B Slos (pimman 5 (S0
oy =V Ll ale 0 55 o alagpagy 5308 (Slo B3 YUY L Jlesle o 5 S alasls o) 31,5 sl o)
S 5 n e 5 IS B O 5 S bl g Glallas B S s el (S Sl
(A o Y0 sl 31 Dl s Oltee J e 3 Lol o 5 L sla S50

1. Sentinel-1
2. TanDEMXx



A\ O)Ken 53 35 o0pe Alaae Wanlpl ol Sl glp V= Jaitn 9l 31 oddags (2,1 o385 Jdho CodeS (s

$o08 E $10qr £ 1o £ $ove £

@)

YAoFar N
YACFQ'

YAeYar N
ra°ra'N

(<)
Z z
I K
> >
) o
< <
> >
z z
< < N
o o
L : : : £ saghs A
#°0'E Y E #1°1'E for'E . i .

SWlhs ddlaie oLl i Cardge (V) K2
Figure (1) Geographical location of the study area

sslaiuls ;a0 slaesls
ju.ﬁt_d}')‘ dﬁj_sjd.l_ﬁi_::.edeJ_’ ()))\Y S 9d >~ L;,L_A) &.9)&1?-‘[.:) \—wﬁ}@jbﬂ u,ll.A_jJ"._a Uﬁ‘)"
r\gj ol OLIb eIl el e gy dde aalel GlacSTs s 51 Caaman ¢ o3lital anl oAl (alg )
03 oalilsy go (glmesls Slasein i ad S o g axlllaes e dikas s ulﬂidjszﬂbjﬁ;u\.g oSS! e ot

RGOV PSS ab)ji (\)J‘)J;-

\— l.:.
J'l_é“);j_>'-CHJ}»‘L»LJJ\&Lééol.»juﬁe";l;u"\é)&wb.zo:l.‘]- JQ&JJTVJJ\—J;?:MéaJ\ﬁLa
Solaly ol sale S o (615 1 sl e SJS)'|J..)4.§)|J..»);C.LQ)>}>)L> Solsly ale ojlsale ol s S
Ll o5l5ale sl a)ls VHE WV 5 HV HH' a0l 55 slse s S &gty |y goas ol Ul i

QTL;;LA)&ﬁgﬂjQ)J\Sb)‘jALaw‘dbfﬁjbb?}bgw‘BJAtfjb st\;\’—&.‘.::w‘;nﬁb.l.g-é)lﬁb

1. Horizontal- Horizontal
2. Horizontal- Vertical

3. Vertical- Vertical

4. Vertical- Horizontal



VEF Ll oY ojled A8 by F0 dlo ( Jase 55,00l 5 5 Wi YA

SEWT AW SM' el Jlgr sl V= o (50l s ol al 2alS sl gzl bl 3 55,0 o
ol S b mul (lsly i 15 Slal gy Sl o 5 ol IW (N ) 5l S ol WME
Fas kS YOr sum Bl 5o e 5 s 5 e sl 53 0XY SIS S5 01y sl -
i creb sl sl ol sale sl Gldal 51 IS 5 sbay (008 o YAV O Kes 5 53L3) Clyls
3 Sl (R bl B8 R ) ke alralr Sk (Ll S e 28 3 Ll

s ey ol (Sl o8y dde g rimmen 5 (5505l

V= gl

&= PRISM® s e gl o)l pale b s by cpls b 512006 & 415 Y s ALOS-1 & ale
SLl olsly sk 5 50 Sl L3 syl iy 458 b st AVNIR-2' (ol )| slacs S5l
Jiss slaesls GLSL 55 o 355 o s ,o ESI s & pots o5l pale cpl slas oS bl 5ol Lol s
TS smsly 5 ki B sl sl 8315 O poama I sl sarme 055 T0n T lo )l pale Sias 5
Logan ) el el (531 5 LS 3 31 S (5153l 3 A 3l ealinal b 5 2o 5LdL sl 5 s e il
SIOI L RTL Jyame Ly 3 e w58 Dslite SIS 035 55 53 SV geams ¢ 5 0l (et al, 2014, p. 3762
sladis olad Gl RT2 Jpame 5 M5 lagte 5 5b5 =505 b oW1 asd) Jdbe b 5o 20 VV/0 Sy
RT1 oY s 5l g5 ol 5o (Logan et al., 2014, p. 3762) 555 o0 W55 20 V0 mlaws 53 3550 (0535
A eslanad

ol ol !

Sl 68,5 s elsdl Endeavor Las 5ls 2000 4,58 YY VY 5170 BLe 318 5 5 <o sele
by bl glmesls 0351 s 4 OLs Lol Goia oS tizes plias o Sledbl i3T5 L wds opl
33 3 eddmae 2l ()bl i I 6)}15*’.' o5k el g O ol 8slizals s g slalsly 3 Ol ol
Bt il S (slo35 V1 s sele e Jsb s S o ealind o glize JiSm &l U X L L3 (131 po
V53 e i Sl e B 0T B Jled B s N 5 o 1 bl slaesls do s A1ty il
(Usgs.gov) 5 S (s slae e ¥ 35 L (arcsec)) o5t

. Stripmap

. Interferometric Wide

. Extra Wide Swath

Wave

. Panchromatic Remote-sensing Instrument Stereo Mapping
. Advanced Visible and Near Infrared Radiometer type 2

. Radiometric Terrain Correction

. Shuttle-Radar-Topography-Mission (SRTM)

O~NOUTAWN R



Ya

O, g 5559 ahauae

uu\ﬁiéﬁméu Vo ot 5l 3l ekt S5l o g8y Jhe kS gy

oSS! £ oL

S ) JSime 4 el a0l S pele S (o) 53, Sl ) | Sl ps 0L

L?m\\" 6[.&0)‘).@[»&()}».&4 ﬂ‘v\}&b@‘ ol 4.:.>-Lw QLW.{.: ZJ‘}ALGJ)L:‘&S&L\M‘ LSJ‘J‘) CAML}Q-‘JJ

QQQ@ZOlGﬂtﬁJJ sl LWl 8 e W g sl ol A & sl LBl 8 Jde S Mo

i b b a8 ol THLS QLY RSl eSSy Aol gls 5 el g TS b /e Ll

3 g ot o LB Ol oy S s e 5 (St Sl 5 ALS b Rl (Sl gl

o:u;'..o‘:)",a ‘_;Lhe:b Slasein (\) J_,.b

.(Geoservice.dlr.de)

Table (1) Specifications of the data use

;;'b&ﬂ m‘. &5 CJ)J\-;
(2 Jpame g | hlad | b | L b Ol els Ol o)l sale
-
AKRARVAVAA Master
VAL sLct \VAY; C v Sentinel-1
Y14/4/7 Slave
\Y/0 ALOS-1
Yo DEM SRTM
4 TanDemX
BE) W)

ealeul Lv Q;QLL?)| gfaj';) d.)w u\.:j‘}; B LS)‘J‘) jw&‘.u L&)‘Jﬁﬂ )}lﬂ.udb u:\.ﬁ‘j)i g)"‘ slaal 6&«4‘) DL
/A &5 SNAP’ Sloslsale polas Jsls o o Jxe )‘)é‘ff; Radar ;150 51V= Joxe o)l sale slacsls

S Laaal 5l 1470 G S AICGIS SIS 5 bl slaesls Lo g 3 133l 5 S5l eslizad b =T 55 5 eslind

C,\-w\ J;Aj}. Juj‘) Q)L?-jb ZMJQLJQ (Y) J.«<.J: AL C\J}ﬁﬁu‘ L}.PLQJ‘)‘ g5°)3.) LSLQJJ\.A

1. TerraSAR-X
2. 0.4 arcsec
3. 3 arcsec

4. Single Look Complex
5. SNAP Platphorm



VEF Ll oY ojled A8 by F0 dlo ( Jase 55,00l 5 5 Wi *

: Fill |l | e e
' o | Coregistration
| Eaot i i v i
! Flow D:TCCtlon ! ! Enhanced Spevctra] Diversity |
i Flow AccgmUIaﬁO“ i | Interferogram Formation |
| : i v ;
— Map lilgebra i Coherence'Estimation
: Stream Link | TOPS Deburst
! v ! Wocn 1y
i Stream Order i Goldstein Filtering
: ; i v i
! Stream to Feature ! . Create a Subset |
T Phase Unwrapping '
o v
18 Snaphu Export |
PR Y o |
B Snaphu Unwrapping !
= hd 1
Y 1

Snaphu Import

Phase To Elevation
B
Terrain Correction

9 Ny ) JSJ
Figure (2) Research process flowchart

PR 3 ke
S oo ke VY lus Lot glils sy cpl 5o &S o 5 w0l seal 5o L 5B O Al sl (6l
V= s OV s 58 e S dl e S o Sl Jseme SV peams a5 b= 5 el LS 13 esl § oz
ssa sy (Braun,, 2020, p. 1) a5l Jor e 6, 4 Oli sl ol S s 4 leg s
A3 1 e Sl s Sl V- e aS a5 L el g LAl pedis S5 i sl
o el s as Ol = Hlas 5 Ao 5 Sladlles 5 50 ddae Tl s o A (sz:.nj.l:SYm)v__,J_é
Ll (63 pasm (55500 ikl 5 esls 5y WS Il 51 s (2uils 513 W3 s slalas dilate oSl s

(=|L}_‘;Jiw‘gw)‘@‘};)dJﬂ)‘aﬁw‘bﬂj@'jbcq@)bjc‘ﬂ‘ﬂ}@'jbéj‘.u&bw|w.\.Ja

1. S1 TOPOSAR
2. Vertical- Vertical



¥\ f)b&mﬁ}:)d}-\@d‘;&kﬁﬂ Lhu‘ﬁicb"'dm‘é‘ﬁ\7&:2&&,1}@}‘0“%&&5}&}5);]#%&)}3

i o yman oS L ol i o Sl 5050 sl il b e Salie s 1S 55 OLS 436 T
Sl 50 PS5 5 s Slasls &S b i 6155 515 30 5L T ls bl s sk b
55 g o3l (ESDT) wid piy i 55 S Sl o sie oy o IS o sdsly Sl i 510
55 130 Sasnb a cpl s el s €)1l sl e ol Ssen T ik SO e gl S

(Wang etal., 2017, p. 2423) Llo, oo g S 4 Hle iy

Fsolsly o 55
oo S e I Dllas o dBUS 85 pslal ) slal 051 e 5 Sedbl el Bl ey
S35 G S bl e JHIS (7 JS8) 555 ol asden 5 6l S5 8l 5B el B2y
Sledlbl b i 5 ol (STt jles (bl (i |5 Sl Seslll .l ey B S 68 s (gl Lds
S edisdtt (g lsly slas ey 5L OMetl L S5 ol .(Geymen , 2014, p. 827) Aas s [, LSR® 4 Ly, e
cidie (513 5 sad LaOLas b (5515 5 pead Slaand go 51 BL s slial JU 5 55l e dnlee e SO
e p Sl Ol L i seal ualie cpl G S S8 Sl s e aslie el LSy 4 LS
DMl gl il gl pl S5l Sy s 35 50 SLeSLEL (A Lo ATV (OLLSos 5 (63L5) 555
LL(YVe o AYAA LS 5 5s 51 hamis 5 50) 555 oo oalial cons g1 51 (s e slas A 55 5 SIS ey
.(Mangla & Kumar, 2014, p. 817) 3 35 - acwl=s 3L 5 fljfbéjx.,"l 22 Y ) daly sl eslal
—1M \ ik,

I,=M, XS, Y dal,

Ao 5 (Master) a5 5, 5a S50 Sy s My 5l s lae ‘¢\J§);JQ\ Sy e dy G55 dail, o
.ol (Slave)
Wl ad b 8 S 0 pgie ool e (3] i I Emla 3 &S el s Sse S S
lae o 5l olemd bl Balisve oo me dom 3 L1y (U sl 53 (m (Siesed (pmisdan  poad
L o128 2ol 55 e e 5 5 IS wsden o peal S 5bas 5 S e o3l S S et

1. 3 arcsec

2. Burts

3. Enhanced spectral diversity

4. Interferometric synthetic aperture radar
5. Line of Sight of Radar



VEF Ll oY ojled A8 by F0 dlo ( Jase 55,00l 5 5 Wi v

L flj_fb_éfu_l Cdr TS aaBS 4 g 8 S 858 Coeal (Mather & Koch., 2011, p. 1) das e«

D) Jds ) & (gl o g s 550 sy Laesls a5 cuslins w‘@(‘;&ﬁ)éwjm ‘Ca\j): sl 0l
{(Ferretti & Guarnieri., 2007, p. 1) 5335 o Jol>= ¥ daily 51 o gden Hllie s sl ol )

2y My S

T T, PSS,

¥k,

Fb gilwesly 5 6ol5 o Sal)ge Sl

33,5 oo Lokt (6 S sl Sl 3ol 53 Lsde 4 15 s o TOPS' (slaesls oSl s o
s 3 o e S e L S0 W5 e Sl o Sl ipe Sl eslid b Ll el oS
Zebker & Villasenor, ) cul 555 (ghyls aivan sdid 55 aeew 15105 56 Sl 5 S Siaven oo 5
S ol IS i b gl 6 Sl ek L ol [l L Gl s s 511992, p. 950
JH5 50 L3k Kss 55 5 058 e S0 sl 55 O gla eSSy 0L L s 3,108 e o e J1
w50 sl 53 e LS (gl p sdae gla s, Obe (Goldstein et al., 1988, p. 713) S o sl
L el SARY (slaesls 33l s me sl 3 A0 s S Sl B sl i alS
(Sunetal., 2013, p. 1896) &S s i yon Iy b 5 ol o (5 3lueslyy oolS 5 Eals 3

58 3 bl

Jj sl = e lesls OL&S leA)l.‘) M| oS ol ui‘ e @ rl}- r‘ﬁjﬁj&i‘ BE o.)mi'bleu“‘ ;Jﬁq;ﬁ &
J\.:)_JGA 6;‘:)\&\ aS Lo Qlﬂbb YTT 6\4.3.}‘) Cf))‘ Ls\a.)j.)oua = Lags &; ‘J.J...\..:.v JALS C}A J)b 2;-)9-
e 0555330 Ll Gllas (gl 3l Ol Ll (6 ey 3l = S s kasylas Obsly Y-+ 5l S & > s
ol Sl S by s e sl B bk Olpee d el 55 5 Lk gl gl sl 3 YT I e
o3l Snap” )|J-._‘e|¢,_; BYRPC PR IR R (’L”;‘ ! » (Mather & Koch., 2011, p. 1) ol sdomy 4l 1
.(Reigber & Moreira., 1997, p. 869) 535 . Jool> ¢ dail, 5| Snaphu Unwraping &uﬂ‘ A

1 .Terrain Observation with Progressive Scans SAR
2. Burst

3. Deburst

4. Synthetic Aperture Radar

5. Unwrap

6. Unwrap Phase

! Snaphu



* O, Ken 55 355040 ilanas banl 5Tzl sl (sl V= Joti gl 31 addag (oSl ga ) oo kS (o)

(pwrapped = (pUnwrapped +2nm ¢ Ahfb

<sbaden 5 oLk 5B @upwrapped < Wrapped 56 @wrapped 4zl opl s

(&) (<)

) )

RS (éj(c) Eo.\.&)lj.?@adjléﬁ_,d (GEJ‘,? SIS o5 g (4l slyls 38 smar (I (F) S

oA, 8 (o 2SS
Figure (3) a) Burst phase image; b) Burst coherence image; ¢) Burst correction phase image; (c) and
d) Bursted coherence image

J_a.coﬂ_gl_?g._w\)‘g.}l:ﬁ.ado)é) Jbe S s apd fas ooyl pslie 4ot L5k 56 alie &Sl (6l
Joaoe 5l ragss ol ps sk cpds (Ali et al., 2019, p. 012019) 5, flq;,l b083 e s flqd\ IS 85
u:—a?u'.)jja.wda A eslaad QTM}LLLJ;‘ L;'lidj); LS‘J" (kyt\);’«'ﬁr' d)br‘@)iuﬂu‘fw)‘ Lf‘};J
35 g oslanal 0 dal, 5l SAR W&!x&?&;j\om@}sL;w)l&}s,dwéjuﬂlﬂtw)\
RAsin 6 0 2=,
oy = 0 —————
"7 7P anB
s Sl el Jmle ey oty 1)) Slapia (15 1 sl dikin oSl s 4 TS s

AL S w e ey Doy U S JdS e ) 4 eddag o1 ash e (gl



VET Ol o o led A8 by ¥ Jlo ases 530,00 5 Wi vt

P a8y de 5 aal T 33 ol Sl
ol 03 ey ddllans  go Aidats glaaal o gl & a8, Gladds i Gslwoslal 31
Sldle 2 s L35 Sl 5l e 5 5e ikt 53 el e g3y dube S sl gl Al sskeas a3,
ol sl ol 35 e eslinad a3 DT Ol (s3ledie 1 15 o) 51 eslizd ArcGIS 10.5
Ob 2 gz bss ool (O'Callaghan et al., 1984, p. 323) ol o 6313 axus 5 5 a2l DB 5 1S 5 o5 S
Ll 5 ol s O] i gl 4SS el 0T 66,8 1 s dake i 51 S w | Jhe S
Sl ol Sl S psbas (Yer o YA (3 b (ealem 5 eal ) s ol Tk Lz 4 15 OL S
gl s plabis ol o Al Jolr e plolis T Sy 05, asl gl 5 alo
sabiean oy cladie g5, | SAE L Sllee il dealy ol s (Liu & Zhang., 2010, p. 1) ol *aal 1
e 3 02l Ll iilan Lagsutily 002 o Sl shteas 31l 5l S A el a (K550 055
035 Sssmoin 1 Ol mamd Slpl cal il sl &Y cnl 51T 0Lz o Y 5 e sl 0L > g
2o sl 53 ASS s (s 2 ) 3 b et b ke e 4 aBLOL 2 gladshe pled red
B Sy e ) 3 g S Ve e (sl 5 S5 45 A sl 5 ORI 0L mezs
A esls Sy b 4l S s Dbl > 5wl ol JUS i o 5 A s o 5 e ) oy
S5 o515 5 Ol Ik sl A Al La S (A Rl aalal JUS L 285 02 S oS5
shiws alad  anl ol gla i (gdoaid (gl 5 skiie ol 4 (HoTtON, 1945, p. 275) 358 0 oo 5 oS &) yots
il 5 ablan s 055558 b 4 i ealid Vo 4y 0l 0L sl ot G 1 sV Dbl
laaall Jyb g pl8 s cplonil anl 1T 8K (3l «Zalgiss ol 0~ (Strahler, 1957, p. 913)
(Horton, 1945, p. 275) 5 52 (5 3l eddalll gy 5leslaal b 5 acule oWl 048, slade 5l Jool>
2 gh g dplomn Tl Sl el T dob S it s aal ] b o
Ly 1 i,

R =
" L

1. Hydrology

2. Sink filling

3. Flow direction

4. Flow accumulation
5. Stream

6. Fill



Yo f)b&mﬁ}:)d}-\@d‘;&kﬁﬂ Lhu‘ﬁicb"'dm‘é‘ﬁ\7&:2&&,1}@}‘0“%&&5}&}5);]#%&)}3

oo (23!

L sddang) olil o3 Jhe Stman Oz 5 ool shiteny OLIKen 5 (shoe g o
S VY0 i V= SLIL T el ashy dde 51 O= e slia 55 (g5lsly e |15 51 slizl
sl oyl g3, Jde amsliel Glie 55 gl cpl 55 .(Mohammadi et al., 2020) s S eslawal
Jids ;8 65, Laslad o Il il cpl 5s ol V= LI T ol g3y e = s S
et 2 5 slme Ol (bl e el 51 e s Sl s B Yor sl el e,
el =Y ) Stees oo palie A 4B S 6 g 0303 53 o e liel 5 Stewen 350 sliens
el i st (Siren ) 5l (Ses 2t St (ot (Saecen B0l ) S alr
Al S sde ax e bl ol s ol 4 S s Gl e S 83 0LE Hle Gl s
5 (Std) [lrs Ol >l glsl zalb JS  ybay (Mohammadi et al., 2018, p. 1) coul j2is o w35

s e s A 5V gladdaly 51 (R2) s o,

(ZiL1(P, —P)(0; — 0)?) V iy
ic1(B —P)? X, (05 — 01)?

R? =

5 SRTM Sentinel-1) Cilises (glaodiziw 3l oslial U sl elis)l pslis Pi pslie aaly opl s
A asl

Ogst =

ool LB asds Jde sty opl 53) (o3ls Leate Y ceess e Y Ol Ol il Oggp calasly ol 53

f—fﬂf.a’;)\c.hnwa LLE.»J\.X:UNj()LMJli

SR slaasly
=l () JSs s ol ol mls caal 1 gl 5 o) a8, sladus Glwoslel g 5l
oy dds bl gl Sl 5 )= s slaesls 3l eslizal b ol o8, sade gl 5l Jeol
5 alie Codan i 5 eSSl oWl o3, gladis aled JKEI pl b ool 0l 030y Ol ol
=S L aS = e slaesls jleslinal b sddag oWl o8, Jle o oLd g diso o SOASG L Sy
ol 5 Ll o V) ey T AVA) V= e (g 3 oin 5] ol S e 5 ol 3550 2 B2
V= e lasslsale ps g ga Sldlas ddlaie 53 ol )l &l 5035 e (VVO) S ¢> 06 5 (Voa)
Gl bl sl el s A 3,5l (FARQ) ol es 06 5 (F4)4) ol ol (M) T (raas)

s 5 slame Sl Lol (D) b 2yl o535 e b V= s oLl pas8) Je L5



VET Ol o o led A8 by ¥ Jlo ases 530,00 5 Wi "

6‘)‘)) L;\_MJLJ é—v«.ﬁ VY- J.\::._w J;w)| Lsﬁjs‘) JJA 4::3[.3‘ g)'.’“ L;Jﬁ C,.M-" oS OJJJT (Y) Jj.l?- BL (‘-;;.M)
2ol L sy wcas (ool ol ey Hlas O3l il

v E Pew g Srovy #ov E o £ FerY e

Ya4f¥ oL
-
IV\A ey
#AVE MW'E "' E MV E #1°WE 7y E
(Sentinel-1) (ALOS)
MoV E W E Frorr E P E e E FIoTY E

YAL4 ok Yan b
u [
lyra g Iyea oS
AN E MW E A E SV E #W'E 1y E
(TanDemX) Soghs (SRTM)

. 10 g
anl i gl Aol 53 esliiuls, g0 LB 088, slada (8) e
Figure (4) Digital Elevation Models extraction used in waterway
Y Jsde

Std) ;Las S 2l
’ Ryt s
() Sentinel-1

A /44

A 58S sboles i sdBeslizal oli)l aghy sladie i st Sies S Shasolis (0) S
)‘ C)L_>'- A_M.r -)\—A}_‘ L@as‘j C;.w‘ éb‘}’j wLA th;- lb.rb 6‘)‘3 LfdjjT oj"ijﬂl.r sldeslaal JGLL.;)‘ @}3) JJ..A

Sols ol 3 et Saes



% O, Ken 55 355040 ilanas banl 5Tzl sl (sl V= Joti gl 31 addag (oSl ga ) oo kS (o)

3500.00—
3000.00— o
>< N-)
& g ®
-
% 2o
S 2500.00] p/_ge’
- o &
= oo
< .’ff
= _ s
= 2000.00 o /’
& 8 4
8 '
2 1500.00- ép.‘- o
o
-
r--
1000.00- S
(f‘ O Sentinell - ALOS
= ) Sentinell - SRTM
- Sentinell - TanDEMX
500.00

g L] T L] I L T
500.00 100000 1500.00 200000 250000 3000.00 3500.00
Sentinel-1

P ) Sladde b (s O g 55 O (0) S
Figure (5) Linear regression plot between Digital Elevation Models

il 51 aS ) sbolen sl ol ag, ladis 31 ol sl &l o1 403 sasolis 4 A & A IS

| aall 805 4 sl oS o el 50— o YU SIS S8 8 b o)l e85 sladite el DL
Ll b ds Sl ps 5 s ol (5T el B gre SIS SIS LB L ol e85 slade s S £l s
PO IO [P B Ve TP P AN PR PR PO VN PR OOV IS S ol u\ﬁi&,;-\)v(,us,a

A 4 5 A LS, laaal T ol s

Feo0ar E Frear E greVar | FroYe E Frovve E Froryr E

YASR N

YAYar N

YAeYa N

—Y
= = A
= . e o
= =< S ol P
= T v r r
#-°08'E #71°a' E 71 E #°r' E .o TS e PR

V= ot )1 o g8, e 3 ol il aal 51 403 (V) U3
Figure (6) Waterway network extracted from Sentinel-1 digital elevation model



VEF Ll oY ojled A8 by F0 dlo ( Jase 55,00l 5 5 Wi A

YAeYa N YAeYar N YACFAI N

YASIA' N

$.00 E $1eqr £ $1oNar E sroYe E 1oy E =

71°v' E #°rr'E

Sldly agll
o~
o~
ool
e P
0

N A §

A :
7 ¢

YAeYar N YAeYar N YACFar N

YASA' N

=z
<
—

o
<
>

FagheS —
. .o LY s PRURY
Sl o T 1 o g8y Jos 51 ) il a1 4S5 (V) S
Figure (7) Waterway network extracted from ALOS-1 digital elevation model

5.°08'E #1°4'E #1°n'E 7y E

Fe008' E #1ea E eV FroY E FrloYyv E Frovy E

#1°v'E #°v' E
el ol ol
|
s Y
i
N ~f
> A B
e s
< el Y
¥ T T r = f : .
#°0'E #71°3'E #1°1'E #°r.'E
. w.o Y ) ekt

ol 5 1 ol (Bl a8y dike 51 ] il Bl T 38 (M) S
Figure (8) Waterway network extracted from SRTM digital elevation model
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