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Abstract

Hydraulic modelling of floods plays an important role in flood management and the related risk
reduction. The case study in this research was a 20-km reach of the Atrak River in the upstream of
Maraveh Tappeh City, which is one of the most hazardous regions of Iran from flood viewpoint. The
aim of this research was to estimate the accuracy of the TanDEM-X digital elevation model with a
resolution of 12 meters in simulating flood hydraulic characteristics. To achieve this aim, the HEC-
RAS 2D model was used in steady conditions to simulate floods with a return period of 5, 10, 25, 50,
100, and 200 years. The results indicated that the inundation area varied in the range of 4.40
km?(return period of 5 years) and5.93 km? (return period of 200 years). In the return period of 200
years, the mean flow depth and velocity increased by 67.9 and 49.5% compared to the return period
of 5 years, respectively. The sensitivity test also indicated that the maximum sensitivities of the
inundation area, mean flow depth, and mean flow velocity to Manning’s coefficient were4.65, 4.84,
and -12.23%, respectively. The validation results of the HEC-RAS 2D model by using the inundation
area extracted from Landsat-8 OLI satellite images for a return period of 10 years showed that the fit
percentage indicator was 86%. The results of this study indicated an initial effort for hydraulic
modelling of flood characteristics with the TDX elevation digital model.
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1. Introduction

Floods are among the most common and destructive natural disasters worldwide, imposing various
adverse effects in different countries (Bui et al., 2018). These include fatalities, damage to
infrastructures, people displacement, and environmental damages (Rahmati et al., 2020). Over the last
decade, floods have affected millions of people worldwide and caused a damage of more than US$
400 billion (Aerts, 2020). In Asia, more than 90% of human casualties resulting from natural disasters
stem from flood events (Smith, 2003). Among several countries in Asia, Iran faces destructive floods
each year due to its vast extent and heavy precipitations in most basins (Jahangir et al., 2019). Over
the past 60 years, more than 3,700 flood events have been reported in Iran, while during the last
decade, the damage caused by flooding has increased by 250% (Norouzi and Taslimi, 2012). Iran has
recently experienced immense floods because of poor watershed management and climate change
(Pouyan et al., 2021). In 2019, flooding events affected 25 out of 31 provinces, resulting in more than
77 human casualties and damage of US$ 2.2 billion (Khosravi et al., 2018). Even though we do not
have an accurate answer to how climate change may impact flooding events, such as the ones that
occurred in 2019(Sherpa and Shirzaei, 2021), a recent study has suggested that Iran will probably
experience a higher frequency of floods in the future (Vaghefi et al., 2019). In addition, the growth of
urbanization and increasing deforestation will make the condition worse (Arabameri et al., 2019).

2. Methodology

In the current study, the long-term (1977-2017) data of maximum discharge in the hydrometric
station of Qazangaya were used for the frequency analysis of Flood Peak Discharge (FPD). The
stationarity in the time series of annual maximum peak discharge was checked before fitting the
distribution. For computing FPD in the various return periods for the hydrometric station of
Qazangaya, the annual maximum discharge records were fitted via EasyFit software. Three goodness-
of-fit criteria, including Anderson-Darling, Kolmogorov-Smirnov, and Chi-square, were adopted to
select the best-fitted distribution. Finally, flood discharges with 5-, 10-, 25-, 50- 100-, and 200-yr
return periods were estimated for the hydrometric station based on the corresponding best-fitted
distribution. This study simulated 2D steady flow in a return period of 5-200 years using HEC-RAS
5.0 software (U.S. Army Corps of Engineering, 2016). Due to the complex numerical schemes, 2D
diffusive wave equations could provide greater stability and faster calculation times (Li et al., 2020)
and were thus used in this study to simulate 2D steady flows in a return period of 5 to 200 years. The
peak flow discharges in the return periods of 5-200 years estimated from frequency analysis in the
hydrometric station of Qazangaya were considered as the upstream boundary conditions in the
hydraulic model. Furthermore, the downstream boundary conditions were considered as normal depth
conditions obtained based on the energy slope. Manning’s roughness coefficients of the main channel
and floodplain were estimated based on the land cover mapand USGS method (Arcement and
Schneider, 1989). In the previous studies, modification of Normalized Difference Water Index
(NDWI) has been successfully done to map the flooding areas (Li et al., 2018). Hence, based on the
date of the flood events, which were recorded in the hydrometric station of Qazangaya, the flooded
area was extracted from Landsat-8 OLI images. On the other hand, the fit percentage indicator proved
to be useful for the validation of flood inundation models (Khojeh et al., 2022). A value of closer to
100% could denote a better agreement in flood extent modeling by TDX Digital Elevation Model.
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3. Discussion

The results of hydraulic modelling indicated that the inundation area varied in the range of 4.40
square kilometers (return period of 5 years) and5.93 square kilometers (return period of 200 years). On
the other hand, in the return period of 200 years, the mean flow depth and velocity increased by 67.9
and 49.5% compared to the return period of 5 years, respectively. The validation results of the HEC-
RAS 2D model by using the inundation area extracted from Landsat-8 OLI satellite images for a 10-yr
return period indicated that the fit percentage indicator was 86%, indicating a high agreement of flood
modeling results based onthe TDX digital elevation model.

4. Conclusion

The results of the frequency analysis and estimation of flood peak discharges with a return period
of 5 to 200 years in the Atrak River Basin showed that this basin with peak discharges between 487.8
m*/s (5-year flood) and 1605.6 m%s (200-year flood) could be considered as one of the most
dangerous basins in Iran, which could cause a lot of human and financial losses, especially for floods
with a high return period. Although HEC-RAS 2D modeling based on the TDX digital elevation
model with a resolution of 12 m indicated that this digital elevation model with an accuracy of 86%
(14% error) was probably better than digital elevation models, such as SRTM, ASTER, and ALOS,
with a resolution of 30 m, its validation for other flood-prone areas of Iran was necessary.
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Figure (1) The geographical location of Atrak River Basin and the study reach for flood modeling
with TDX DEM (Authors, 2022)
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Figure (2) Research flow process (Authors, 2022)
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Figure (3) A: the frequency of floods event in conjection with daily heavy rainfall in different
months and b: the regression analysis between heavy rainfall and the frequency of floods event
(Authors, 2022)
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Figure (4) Inundation area and flow depth of flood in 5- to 200-yr return period (Authors, 2022)
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Figure (5) The effect of lateral slope of floodplain on inundation area along the profile A-A’ (profile
location of A-A’ is shown in Figure 1) (Authors, 2022)
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Figure (6) Flood flow velocity in 5- to 200-yr return period (Authors, 2022)

Jo SIosden o S5 p Kl o L

S Ol S 5 e S0l (B By Sy St Sl b S ez
35 i pln |3t ol amse Al Vo e o Sl eslizad 3 plondl b Vo v OO (6 il O
St 53 (Gl s Adlie gon (Mgl 0 CB 8 LS gbay O Cls a5 ol JUS a5 0L > L
= (Saksena & Merwade, 2015) &S oo Jos 1y JUS G Ol goas (D s S5 2510 59205 (Dl
e sl 0303 OLES (V) e 5 (V) S pn o Ve oo O sl Sile o il 053]



Y SKes 5 55k Jeelend s S5yt Slaaseia g5t 53 TANDEM-X ol 055, ddhe <5 0130 3,51 5
5.70 2.30 1.85
i /. 3 \Jl
560 - o g 2% e L 175 Q\
3 5.50 - o y 2201 ® 3 o
E N X 215 ¥ & 1651 ‘e
1, 5.40 - Vs o 4] s 2 o~
3 / e ’ —~ ‘
Pszpl @ 3 2104 7 1, 1.55 - X
. / ) o N N\
d 2.05 2 ®
>20 ' " 0.030 0.035 0.0 3 145 '
0.030 0.035 0.0 ' . : 0.030 0.035 0.0¢
Seile o 2 Kiile o Kile o o

Vet OB (51 b o e 50k 5 B Gor 5S0le (M Koy oy b Siile il o BL,1 (V) S
(VE0Y O ks ) e

Figure (7) Relationship of the different Manning’s coefficients with the inundation area, mean flow
depth and mean flow velocity for 100-yr flood (Authors, 2022)
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Table (2) Change of flood characteristics in the different Manning’s coefficients compared with
Manning’s coefficient of 0.040 and 0.035 for main channel and floodplain, respectively (Authors, 2022)
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Figure (8) Map of inundation area with 10-yr return period acquired by Landsat-8 OLI imagery and
the MNDWI1 on 23 August 2015 (Authors, 2022)
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