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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 (DEMs) 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.
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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.

ALOS PALSAR 420 1¥/6 <o s DEM j s osdhows (goisdis
sl Sidg syls ailiw] § oS o3k 90 slp pol> imgh Sldlle slaejb ;s ALOS PALSAR ;6 VY/0 DEM osgame
Lol @ls 5 42,8 )13 om0 9,50 SRTM e ¥+ DEM L"f‘ o3k orl ,o W ols ood gy JolS Hb 4 [ Jolus oL Lol 02
Al 00 cuiF3boye0 b oDl aigy dglio sloacs ¥ S .cd )8 1,8 aglio 0,50 V)V o oo uldo b ool (5,10 paias slaosls
olbeo b oo (g,lo passi glaosls L1, ALOS PALSAR ;6 VY/0 JuSo o3lail LDEM L oo angs asbinl 5 lskS sloo ;b
o oo plid Al B cunF 3l oye0 ;o 1) O Bes ) Do dy Lo Al 10 Ol sy Gloled Sz s oo lad VY e e
5 05b (pl (SSee Judo 4 aldl 60,0 052 g aunlie el aisl o3 ALOS o lsale 3l ouis ags DEM 52 Jslus 05L 0,50 4o

alwo )0 J cudinS sladials dowg 4 e g G’;L,JLIM o3b slal yo iy laaisls g e S dliwg 4 baal )7 ol Sgasme

68



\F ¥ uLo...leJ Sy o)Lo..i'a ‘\Y.o)sé 4‘55}.‘}5)}»}353)-\:.&

ooy Sl

09 i il g yaud 92 S o LB Ay 3 Ll

Sgee sbagilodoe glos Olpie @ 1) 5555 ple JuSiy b GLDEM 9,0 &0 )0 (lgiee (F USK8) s sl
oo LS 09 jlgen Judo 4y 5wl oo ol Gollas ool aibiw] (glaSl> o5b o Lol e ls oYL L..,..M., Gl 30 lelS o5L ols 13
dagliie (izmes 5 @l (Gilu oS S Sl 03903 Culpw B9, i g Sunl) slaall S 4 phaiel ©)90 4 (Dl argg Al

el 0l &3] goue Djgo 4 gl ) Jaa )0 oolaiul 5,90 sLDEM

48°57'0"E 49°0'0"E

36°52'0"N

A Gy,

Tl e Caid'jl 08 b o How aigy
ALOS PALSAR z12.5 DEM
(Il B i 0)99) bl Gos

P ) CEO b glop Al

> .i.AF 1o
s e B> 0 05 1
o [ ™,

37218V

37°15'0"N

49°51'5"E 49°56'10"E

!
Astaneh

Waaly

A Ly,

C b Be i34 053 b otV sl
ALOS PALSAR u12.5 DEM
(Il B a3 0599) W o

o) S0 b 500 4id

B+ cuiS 3l 0,99) ALOS PALSAR 10 \YI& <35 U DEM g\ Yevr wliiio b 31,5 5995 31 oolicial Uy Jw gUodigy domas Uio (gloaiidis :(¥) S5

Wil 5 oIk sboesl 50 (Jlu
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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