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ABSTRACT

Flood is one of the most pervasive natural hazards, and given its significance, various
strategies have been implemented to mitigate its risks. Among these strategies is the
creation of flood zoning maps, which identify vulnerable areas at risk. There are various
methods for determining flood-prone areas, including hydraulic and geomorphological
approaches. Due to the extensive nature of flood-prone watersheds, 1:1000 scale maps
are either not available in all regions or require significant time and resources to
produce. This study aims to identify optimal methods for determining flood-prone areas
in regions lacking topographic data. It examines three separate 25-kilometer segments
of the Sefidrud River: Yasavol in Kurdistan Province, Gilvan in Zanjan Province, and
Astaneh in Gilan Province, using hydraulic and geomorphological approaches. The
hydraulic method was implemented using a 1:1000 scale topographic map and two
freely available remote sensing DEMs: SRTM (30 meters) and ALOS PALSAR (12/5
meters) in the HEC-RAS software. The geomorphological identification of flood-prone
areas was conducted based on aerial photographs, both old and new satellite images,
field visits, and evidence of past flooding. The results indicate that in mountainous
areas, in the absence of high-resolution spatial data, the use of 30-meter SRTM and
12/5-meter ALOS PALSAR DEMs provides acceptable accuracy for delineating flood-
prone areas, provided that the modeling results are refined and adjusted based on expert
opinions and field observations. The comparison of the 30-meter SRTM and 12/5-meter
ALOS PALSAR DEMs indicates that in mountainous and hilly areas, both DEMs yield
relatively similar results. However, the 30-meter SRTM DEM, particularly in mid-term
and long-term return periods, produces more favorable outcomes. In flat and lowland
areas, both remote sensing DEMs do not provide satisfactory results, and the use of
geomorphological methods for delineating flood-prone areas yields higher accuracy.
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Introduction

Flood is one of the most destructive natural hazards, causing extensive financial and human losses (Perucca & Angilieri,
2011; Tierney et al., 2001). This hazard has the potential to disrupt civilizations and alter livelihoods (Dehnhardt et al.,
2022). Various strategies have been implemented to mitigate flood risks; one such approach is the development of flood
susceptibility maps, which identify vulnerable and flood-prone areas (Mukherjee & Singh, 2020). The present study
aims to identify optimal methods for flood zoning in areas lacking 1:1000 topographic maps and to delineate flood-
prone zones along segments of the Sefidrud River, one of the major rivers in the country, using hydraulic and
geomorphological approaches.

Methodology

To conduct this study, hydraulic modeling of the study reaches was initially performed using three digital elevation
models (DEMSs) as follows: (1) a DEM based on a 1:1000 topographic scale obtained from regional water companies
in the respective provinces; (2) a DEM with a 12/5-meter pixel resolution from the ALOS satellite’s PALSAR sensor,
sourced from the VERTEX ALASKA website; (3) a DEM with a 30-meter pixel resolution from the Shuttle Radar
Topography Mission (SRTM), sourced from the USGS website. The resulting flood zones were then validated based
on the hydraulic modeling derived from the 1:1000 scale topographic data. Subsequently, using a geomorphological
approach that considered river course changes, past flood inundation zones, channel and bank morphology, and alluvial
terraces, flood-prone areas were identified. These geomorphologically derived flood zones were compared with the
hydraulic zones from the 1:1000 scale maps, and the results were presented quantitatively and in graphical form.

Results and Discussion

This study applied both hydraulic and geomorphological methods for flood zoning across three distinct segments of the
Sefidrud River, each with varying topography, flood discharge rates, and morphology. The hydraulic method itself
relied on three different bases, with a 1-meter resolution DEM used to validate the results. This research is significant
for several reasons. First, it employs various hydraulic and geomorphological approaches to delineate flood-prone areas.
Second, it examines DEMs with varying pixel resolutions and, interestingly, finds that in some reaches and for certain
return periods, larger pixel-sized DEMs produce better results. Third, with access to 1:1000 scale maps, the study
validates the results of the various methods, quantifying the degree of alignment of each with reality. Finally, the
research investigates segments with differing morphology and topography, concluding which method yields lower error
rates for different river types when mapping data is unavailable.

Conclusions

The results indicate that in mountainous areas, the use of 30-meter SRTM and 12/5-meter ALOS PALSAR DEMs
provides acceptable accuracy for floodplain delineation in the absence of topographic data, provided that results are
refined and corrected based on expert opinions and field observations. However, in flat areas, where even a 1-meter
elevation difference can significantly affect floodplain extent, the use of low-accuracy DEMs is not recommended. In
lowland and plain regions, such as the Astaneh reach in this study, freely available DEMs do not yield satisfactory
results. In the absence of topographic data, geomorphological methods for floodplain delineation are more effective in
these areas.

59



\Fe ¥ Ol FY. o,lods VY090 (65 5) 585 90 5559 )un

VFef bl 430 oy 12.0 )50 351995909359 300
93 Vo
Joo b 09 00im dilsg) ddem 1 Jow sldaigy (o1 Ll
Aol 9 (599 3l yuamdaw loodls (o (SS9
S58l9d 9095

fd-)yaﬁ.o Ol Y@Lo.) e ?Yw 9 Sy X@Lo‘ ol

khabat.amani@ut.ac.ir 'O'J‘il ‘Q‘)-GH" ‘ulj'ﬁ“ olKiils el..ﬁ‘l,.o saslisls .M 6L.5|f|_> 05; «$59058 90955 ‘511.';5.5 ‘55;;;2.3‘& -\
smhosseini@ut.ac.ir ..l ;5 ol a5 olfiils bl am suSiils ( anb sLdlyam 04,5 jLoils -¥

myamani@ut.ac.ir .|l o5 )l olSzils (bl i 50Siils ( ads (Ll i 05,5 oliwl -
Maghsoud@Ut.ac.ir .yl plels ool olKasls Ll i 50Sizsls ¢ ans (sLdl i 0,5 sliwl -F

oS o jlgunls
ol Sz 2als (sl ilise sla)Sal; ol Coonl @ azgi b g Conl ordo bl 05818 51 (S0 s (S99 G5le e M
I, sk axiae 5 pdycaml blio a5 cul Jow conary slbacis augs b, 5al, opl dlex 5l ol sats 3lsul 095 Jo «$59I90 590935

GBbs, Bl dlaz o 51 45 Wl yzg S Lo glbdiny Creets (gl go0xte slo by, S oo alulid ailzog) (DEM) oelis)!

ole b sloasdi ags daodlw 5 Shos ad5> (Vb Sy S 0 05 o 1) (So59ded 00055 9 (Sdgyoen
sty @loled Gua b yol> agh wdbia 1) ok gloj g ansa b o)l 3929 (g5 (ooles ;0 VN -
aleog, 3l 150 (6 5eglS YO 03L dw conls (g o paiidi sloools aBl  >loi j0 15 Juw lodigs posd dige
Shoslizl b 1) oS bl o bl g iy pll 3o GIshS (limss,S Sl 5o Jolow slopl 4 09,0000

209 yoniw

STy At (0o 13 L b (Sg e by, el ool 18 addllas 3,50 (0351589055 5 (S en sla s,
(= \V/6) ALOS PALSAR , (e ¥+) SRTM lS:1, 65 5l iow DEM 55511+ + Luliie b
5 &l GloSe » GIL 5o Dl sloasyy (Sujslsdypesss alulid ab olxl HEC-RAS il o5 5o
ol 1 e Jeol> ol .o ploul aLid8 slacdlew HBT 5 Slawe slaassjb ooz 5 0298 slojlgale glas
o Yo sla DEM 5l eolaal YU SIS SSs 5,08 b slaosls 5439 pae &jgo 40 SliwasS >lg jo a8
s as b ao)l 5 Lo gleany, o o Jod LB cés ALOS PALSAR ;1\ vin 4 SRTM
o Yo sle DEM aislic 005 Aol 5 3805 o slaauosl 5 owliss IS ol ks 4 ol b g5k Jaw
G DEM g0 o 6 9mleas g SliwnsS oy 0 a5 ams oo ,Lis ALOS PALSAR ;6 1Yi0 SRTM

11 23 JRYNRY O P I
LRAARA SRRSO TR}

Saeatdy 5 Sasples slaeiS ik )90 40 o35 4 SRTM 2o Yo DEM Lol wilools cas 4y 1) SlaSy bens VoY il 6

5 00l &l )l ollas gl (5,50 31 S DEM 4o (glaSl> 4 s >loi joabl e Lo 1) s 0ellae gl

D) (YL 85 (Dl sbvaigy et )0 (3999890955 S bs, 5l ool
(S (9o S 1 gns 0diangs o
OFY) Glhte gogabo t izme o Slos tamse S ¢ g LS (Sl o (pl 4 gl smhosseini@ut.ac.ir :asbb!,
Selsied Joa b o5y 09 j00be alg) ads> 15 Lo sloagy plolis
(S350 50 00  (S23eledr0a98 aled 5 (5590 5l raier (slaodls p (e
-34-80:(Fr) Y

hyd.2025.64251.1762/10.22034 :allis Jluzus awlis

Copyright: ©2025 by the authors Publisher: University of Tabriz

60


mailto:myamani@ut.ac.ir
mailto:maghsoud@ut.ac.ir
http://doi.org/10.22034/hyd.2025.64251.1762

\F. ¥ QL........-L Sy o)Lo..fa ‘\Y.o”a 4‘55}1})}»}553).\:.&

RULSE IS 09 )drdwdilS 09 )48 92 15 g ddigg (o2 Lo bl

doddlo
Tkl g Won VYY) (o lSen 51 ) el 0028 Gl 5 Jlo Sl b gl bl (oo e 5l (S e
OOyl Yo o,lle oo j‘&j&‘ob‘d)‘)é)ét&?ddur?ﬁ‘ﬁ)d Iy 2 b yaads OMw alidS ans ;o (AY :V+))
5 7o, les) das s | Cuiume g aiS Jitke |y Lo ot el S 0,ble cpl (Sole a4 (YAY VY T LT wles g b

ol 425 g g3l ol 51 o5 sl o0 36T Jms a1 (6 Sy gl (ilien csla Sl (DO ¥+ YY ¢ Kan

WDl pas plBasg) slolid 4 fuimed aids ol (VEO Ve F () Keo g7 Kiugs,9) 0,5 1,8 ooltul 0,90 (50,40l g olad

Sy oode Sl g o S L bl 50 e (513 Gle a0 (S5 joboas 9 (VAT ¥+ 2 ()5 5 Jige0) (ogae (25T i3l
Lgl.mw 9 JM Ao ‘LS’)L'M’ 6[.@%»& u.a).»&ua \.LA-’LA Gal.ou LSLQO)P )b 9 L)"‘ )‘ .09)69 )15 L J.,.w L;l.,)l., s.,u).u.\.o
(\ AR ERIN ‘Q‘)ISA.Q 9 A&‘j) b)‘b o)_;)lf ‘_g‘oéj.‘l..j )9.'0 L OMQ)‘M

Gl el )b Jolis b ol b ol oY Y2 VY (] ) So 4 “aol)'dsL?) g.\.;_..‘i‘_;o S92 g 4y @l e ol )l i )....L. o e odew
OFNV YV Gen 51 (59,) Wigd wats Glusl slocalled Lawgs aiilys s g aiiun (So5olg 0um g (omwlidlyn ( So39)98 590955
" plogige) oS o ol oy b o pe slaSins ) Gl g oMl Smmmo 5 e Co e 50 (ot G O (355 (55l
a5 ol Sl e azsT Lol (Y ¥ Yo ), § "7 Joliw) ol oot dgupe |y laodlew (s5ldon (g BB jsbas polesel
ools La:d\ W b el Slo699,9 45 wad Cavs w4 |y gellae bl Wiy o Sl abg o Dlawlxs g o Jow 109 39, 4 g oS
om o..\.:..b c_i.’ u)/l...w as ‘).‘> .\....JL» ).»lJu: M‘j L’ JJ‘BJGA L“L;‘bﬂjﬂ Jliu‘ 9 LL:.‘> U‘)’““’ a M CJL.) u)}.a.u‘ )...C )é ‘é}w
O g (6 NS) 038 50l e lizen o] (it (el (e 4 5 958 0 J50S (So5d Jelse 51 (gl L a5 ol
OY:Y - gblie )0 ohgds sl Ol Sljlas o pae )0 e Gl G (g)lo paiss gloools W3 e o .5 o
Ol sl gy 5l il ol pade gl cans e o B8 (Bl S e e Oledlbl aS axwgy Sl 0 sle,elS | colidl g0
slaools L aS el (DEM) elis)l cogd, sloJow 5l ooliiwl o g, opl 5l (o 09 oo ool puiiine pué slaSliss 4

&4)5.]93)9.453) u‘).....:u o)l.':)D G:LCMJQ‘ ..\...)‘5.:‘5;’ )_..’ ‘5"9&5 LgLQJ‘S.C 9 6‘0)‘9.&&’ ).:SL.aJ 4L®DEM » °3)L° JJTGA Cawd 4.) 6‘0)‘9.@&

! Tierney 8 Wang
2p ilieri 9 Janizadeh
erucca and Angilieri o anizade
3 Aerts Roy
* Dehnhardt 1 Muthusamy
5 Mukherjee & Singh i gostablle
® Greiving ao
" De Moel 14 Cloke and Pappenberger

61



\Fe ¥ Ol FY. o,lods VY090 (65 5) 585 90 5559 )un

« (GIS) Ll Sledbl (glapiun 3l osliiul b pglas ol (owyp aims Il 1) (LS slacdlw o (S8 50T slagSl
1S Lol 1) (6 S s Ao 3l 5 Sl (sl b 05 o S ]S ks

bl (alolids & L5 woel Jloyo5 (Sl ool 5 o (S8R sloasyy loatd ad « o Sy e S sl
AV VNN Gllen 5 Te) wiS o S8 s Sad daloe 5 (mily 6l Jow lis glaGes oLl 5 pdycel
S 5 T l55) wlonds azslids Saaliysgyaan slo Jos cdo J 1S 1o mge e Sy olyic 4 TDEM) £l )| agh, slo Joro
OYY Yol o) Kon 0 5 FFF v

5 UseST 559594) 0358 oo 518 eoliial 050 M (saiaigy 5 (5ilwdnd ;0 (slod S jsboay olil pwiws (ISl L sleDEM
e Ul s B jabas ol b o lagT cinds B ol SLSE & )0 g s Jl ol b OVA Y18 o) Ko
Sldas alowl @YU iy gus 1530 5107 Y18 K0k 5 ¥ lnpalin) 05 o Sgimo |y Lasi po (sl ; 5 s 535 oo 3olie
SI5T o yiwsd b GDEM 51 ool o] augs 090 p0 oy iz 9 VYoo v g MV oo uldio b sloaids a5 (5,10 paids
WS (0 ez Pl F e o)

S by, 1gd oo pemdi ol atws g0 4 5 55k 4y a5 358 plonl oaxie slagty; l eolitul b Wlgs oo S (3l
ot 2 e sl s (VALY e A e o M) (Sl jonm - Sufsls oen slaby) 5 (Seislsdrsess —owlidiree;
i, a5 I o VA VAN oL 5as 5 1 S0) ol Do anled Slolid sl Slawe Slilas ploxl 5 Llsp clo uSe
Ol g WS (oo dnlne it slaciSiL sleoygs slp b el slaslaug; sl ) @l slapbz ((Sdgraee 5 (Seisls s
OFVF YV 50) 855l o s @ 1) O o Gy o 3

ol ol ot gl S siub 15l E¥oles wiile ol iz @Sl S¥olae 5l oolizul b Ysane Sulg e olo Jos
sl alawlgay 65 Cool HEC-RAS Jus o ol oozl 3 (oo disdice o0l drwgs calizes 5blia 10 oDlas a23s5 5
azgs L (VT ATAY lse) algn Jl0)55 5 i 5 Celiizes (0L 900 5 Cangema SIGIS 5 (e 5 iy )8
lecosgasme (pl jl ol jelaieds g (A0 ¥+ o ¥ M7 15h g 2o e AYYF VY M L ISee g 20B) sow o Jow slacosgase 4
5 T gsSiiugis) g ool cawlio (8 Sl b JolS (soms 90 slo Jow 3l a5 oS e Slpiinn p3| Slalllas docabidane 4
FUR B8 4 SR LOVSIPSTTRE RN £ 0 SRV NN NCOVSPRLISIVIRLYY 2 SREIRARLIR

(SllE0g, slol 5 aile SG5sl98 550955 Aled Sl Glg oo e o s 50 55 aBAS Sla Mo I (Fu B ledlbl aST > lg )
S shas (bl )3 gt dalsd (nl 0,5 oolatiul (6 S M Joiliy b 3blie olulids 6l (o008 Slo JUB 5 (Mo Do,
sb ladigy g wigh 13,5 )15 4 4B Gladlew £98y 5| (plaatli (lyiedr wilyi oo ilasd S 13 aalllan 890 S (sole
el 8 1) O Cu e 5 b)) Gl g0 patds glaosls W36 (A5 5o (oSS sbee,Shg, (xS T S atis )
S g0 SaS (ome slas i anliy a5 00,8

! Flood Inundation Map 8 Lastra

2 Xu 9 Baker

3 Digital Elevation Model 10 Wheater

4 Kenward 1 Falter

5 Cobby 2 Horritt and Bates
¢ Pedrozo-Acufia 13 Shustikov

7 Sampson 4 Morsy

62



\F. ¥ QL........-L Sy o)Lo..fa ‘\Y.o”a 4‘55}1})}»}553).\:.&

RULSEIPE L 09 dawdilS 09 )0 g2 1S Juw Slo Aty (2Ll

Loy T EMalss o 2 5 (koo Bolio swlidszny ;) Ll g S0 Sl 5 45205 4 LoDl anlllas (6l (S055)58 90555 sloos,
5« BLS Gidg oo Caz g ol JKb canels Job asile 815558 sla Shg el p lahy,y cal 3lon e Ol bz b
ax yolie cpl S ,2 50 s TP Y0 (o, Ke 5 6 0) W08 oo il 3 pT sloasg> M 5 2So) 5951 5 S
(FE AT Lisoolys,9 9 (hslowl) ol ol o 2iSTg b wilgi oo Sldl slacdles & g0 a> 5 (L) s O g0
oI55 iy 555 4y Wl gm S 5 sl g 5 esliil s Lol 13 K005, b S 4 (sl 5055 5 5551500 5 Lo )
Slllas SS50dg 000 sl by, eyl S5ed99 590955 Jasl 1o b gblie jo a5 cwl ools ylis Olido oS SaS oD Dol
ol Sleiin Sujels8 905359008 () 4 powse (oS 5 0,89, einlpl tBl ol pes Sl pas b Ceul (Ses (ole 4 e
@ e g anS VY 5l oo g ools )3 ).ub o 1y 598 HLewl VY51 Ll YO (o ew slaolayg, YoV Lo o 50 o1l o
g LailBog, 5l sz BB doyo 09 ol L «VFF AYAA ()2 g (59,m3) ol alils ol jon 4y Yo o Ll V.Y 55 )
Glp lad 4 5l o] el @ g Camen (ol Lol osted VYoo v g V) oo uldie o YU cBo b sloasss w8l o slo s
Slo) Gl oals 48,5 s o ol gl alite sl p)lS 5 a8 S 18 a5 0,50 5 AilEog, s il slas )l drwss
O ) i e iels sla g, 5l eslaiuwl b o) S, sloaids ags g Juw ot anlllas pgi cplply AV AYAY () Ken
ol 5y slo g, 5l eolatul pizas 5 pges (wyiws 10 ], GLDEM ;I solatul 4 )lg5 co alo ol 51 a5 058 co (b
Syedip |y Moz g @ad Glojlaale pglai 5 alse slauSe

Sl (ol gSu ¢ (55,5leS dacslu g 4 w2 BB Ohlus 5ol jsba 05 0w 450y, ddg> 0 Dlew slaslyg,
IOV Y YF e 5 T g pmin) S o a1y OV i il Soaps 4 (5,58 5L el cpl 4 wSles S sl
ooz b a5 e ] gy S dn 14 el o ol 05 ool Dl 53059 (Sl Slalllae 5551 3525
lrodgama jlailEog, ol ;35 o ol (VY Y oYY 5 >) sy o a5 0 (6,90 Jlons Juw o (6 gl (slodids & j90 &
2 Nlg pol g i U odd carge lgen 5 slaSl osgaome 43 99,55 iz 5 5)9aledd 9 Mo ((piS (SlinsS alisee
19 0 e i de slagty) (plubid abox I (Slaal b ol agh Il peesd ;03 L3l (25 5] 6ok
laiyy yusd g 58 o slodigy ani a0 Solate JuSy o3l b sLDEM acslio NV e v 31 Ss e slaasd w8l
$25958,50555 9 (Selgyee sl b, Sl eolatul b 1585 we slaailsog, Sl (SG (lsre 4 09 j00he &3y, 5l plaosl o5 Jew
2gd e plad

astllao 5 g0 Aikaio

Olwl 50 g 98 oo iz s yliwd S liwl jo deiie oz sloesS 5l a5 sl lpl Ol wilEog, aegd 89 0ube ailSog,
Couw o Lfgj"" VL ) A.;SGA 6...5.@) |) Q)Limo 9 09)5 LgLasQll.w).Q..i} 6>da..u &L@g] as Jlgﬁ 4L C'A-él-.’.)b )| o QL..»Q;
o Olub, 3T il Cas 4 g 00l S S oy Jled Caoms o Gl liwl 4 9555 g0 50 b oo Slaiel s Ll
D98 (ke g i 095 (rlan SUL > slarag it (slr alle lr (A9R1E L 4 (6,503 slady, Al ;5 090 o0 Jilote

oG fu ) o eomin a5 a4 09,0y a8l o 5l e OB 0 S S (Bl g o Ay e 9 Mg o0 ol

1 Sidle and Onda 3 Chen
2 Chafjiri

63



\Fe ¥ Ol FY. o,lods VY090 (65 5) 585 90 5559 )un

Ve F Ll 43.0)los 120593 $38198 909539

55 5o Ay QU (sloogS jlaS 39,000 b s (6,500 a3Lh Jove (nl )3 098 oo 4Ll 3l S35 pL L 55 de ailsg ) alais
oo oo 28l jo 1y sl faghS VY ogu> fumio U oy (o5 Jobo

03xels g ydnis alB3g; W 4y Joomie S5 e 50 (258 Jled 5l gl U 5 (B0 w9908 laaillsg) (S e |
Sl AlBog, (nl 9y 2 MW Jlo jo dg,00bu (S35 dar Sy 4D st (5eskS VO 5 e 0ed O jslme ;0 05800
ool 5 ,0) Al oo gope yioskS OFY e+ ] CawdVl 5l aAdem Clus 5 009 a3y, st 5l e AP glis )| gl)ls a5 s
sie Sk VA Loy 55 a o5 loponte oloy 5o a5 coul Joasly it slodms g9 31 Sg,0ubu s (DL (slailare O
w5l e (YA AYAY ()L g ol 5leS 5) el oty oS o o)Ll VVF 050 U (6 108 Cgasy Judo 4 a5 00 caSa
3 35dse §)lz 20 dilaie 4 (L anlpl 5 o gi Loy el g pl 5l ai)le o] o 5ol 45 plaasles g b ailss,
Ol b ailog) (ol 055000 555 5L o 4 00l G dilate o el el pl 5 JUI laas Goyb 5l oy, cal ol ands ol
s5) dpdee A3 LS 35 gl (s a0 alE0g, Gaeke 5 G1FS ol 4 Jlo 50 coSe ye (seles OY ¢ an
bl o fashS Av e 3gu s S il o el s o 5ail b 35 sl 51 ol Jsb a5 (F VTRV (o) San 5

g95 oz Sl @Dl o5l 4w (nul GBI jo sl a8 5 )13 ) 9550 39 00 ailB0g, Sl e o5l aw ol Giaghy o
o8] 3525 ¢ o5l slais S £o55 ] oVl el gloass> glite glacolus dap] b Kbl Fas 5 Saislsd g0
5 55 = Jsln 3 05l (5 509,000 SloolSi] sl 0352 415 s 028 5 Lo T Yol (352 (FYsb 5 JeaSS (rimo 5 (520900
loojl ggazes I .(1 JS5) 09 )0uhes ails0g) (55, 2 (S Ll 03gamme 50wl oSl g ()35l J38 ailog; 595 2 OIS
alioe S g planiy b S glagliwl o @ly Iromo o3l w3 eglSVO polo gl ;0 09,000 dilssg) (S5l

64


https://namnak.com/%DA%AF%D8%B1%D8%AF%D8%B4%DA%AF%D8%B1%DB%8C-%D8%B7%D8%A7%D9%84%D9%82%D8%A7%D9%86.p31729

RULSERELY 39y hin dilS 39 Adge 1 o b gy (Ll

2858 @38 Jlodh )0 (o 32 9590 031 A g 39 0 Ab g Carbga 1)) JS
Figure (1): Location of the Sefidrud Basin and the three study reaches in the northwest of the country.
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Figure (2): Flowchart of the research considered in this study.
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Figure (3): Maps of flood-prone areas using a 1:1000 scale topography and a 12.5-meter resolution DEM
(for flood with 50-year return period) in Gilvan and Astaneh segments.
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Figure (4): Restriction of the riverbanks by gently sloping hills at the downstream of the Yasaval study reach.
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Figure (5): Maps of flood-prone areas using a 1:1000 scale topography and a 30-meter SRTM DEM
(for flood with 50-year return period).
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Figure (6): Steep slopes of the banks at the downstream floodplain of the Gilvan study reach.
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Table (1): Area of flood-prone zones in the study segments using various digital elevation models (Km?).
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Figure (7): Flood-prone Areas in the study reaches using various digital elevation models with areas derived from 1:1000 scale
topography.
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Table (2): Validation of flood inundation areas using different DEMs based on the F criterion
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Figure (8): Determination of flood-prone areas in the study reaches using a comparative analysis of aerial photographs from 1968 and
recent satellite images.
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Figure (9): Wide floodplains along the Sefidrud River and evidence of abandoned riverbed on the right bank
close to the Astaneh Ashrafiyeh city.
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Table (3): Comparison of the of flood-prone area in the study reaches obtained by hydraulic and geomorphological methods.
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