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Abstract

Introduction: Flood is one of the most devastating natural hazards that causes significant
losses and damages. Flood inundation maps represent the flood-prone areas over the
catchment, which is initial requirements for integrated flood management plans. Over decades
ago, surveyed topography maps and bathymetry data were utilized to construct the river
terrain for flood inundation mapping accurately. However, in most developing countries,
including Iran, such precious data is rare for the sake of the time-consuming and costly
procedure of rivers surveying. Therefore, for tackling this challenging issue, DEMs as an
accelerator and free of charge datasets, are widely used in flood modelling. Nevertheless, the
reliability of the finer datasets, such as LiDAR, the limited coverage of world and the
exorbitant price of provision has obliged experts to utilize coarser-resolution DEMs rather than
these higher-resolution DEM sources. As a result, the accuracy of open-access and free of
charge DEMs used in flood modelling in the data-scarce rivers should be studied broadly,
unless the lower-resolution DEMs hinder flood modelling results by incorrectly reproducing
river terrain. In this study, three sets of widely used open-access DEMs’ performance in flood
inundation mapping and estimating hydraulic parameters of four various rivers are assessed
thoroughly.

Methodology: In this paper, three sets of free and accessible 30m resolution DEM resources
(ALOS, SRTM, ASTER) of four various types of rivers in Iran will be utilized as HEC-RAS
geometry input file. The procedure consists of 5 main steps: 1) Generating GDEMs from 1:1000
or 1:2000 topography maps; 2) Extracting the river geometry using HEC-GeoRAS; 3) Flood
modelling 4) Assessment of DEMs’ performance in estimating hydraulic parameters; 5)
Investigating the significance of morphological characteristics of four different Iran.

Results and Discussion: From modelling of the study rivers with different morphology, these
brief results are drawn. The river geometry derived from ALOS DEMs were more identical to
surveyed cross-sections. Therefore, according to previous studies, the higher performance of
this dataset in flood modelling is expected. However, all of these RS-based DEMs were unable
to present the Gorganrud river geometry data. Apart from the better representation of river
geometry, the ALOS dataset is superior to ASTER and SRTM DEMs datasets in terms of fairy
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prediction of hydraulic parameters (water extents and water surface elevation). For instance,
ALOS had the least RMSE (2.3-8.6m) and the higher value of F statistics (nearly 80%) in
predicting flood extents. Reversely, the RMSE of ASTER, the least accurate model, in flood
extents estimation was from 2.8 to 15m and with the F-statistics of 68% at most. The SRTM
performance in generating flood inundation map was better than ASTER and less accurate
compared to ALOS (maximum F-statistic value was 78%). The accuracy of DEMs in simulating
WSE of the mountainous rivers was similar to each other, and it was higher than predicted
WSE of flat rivers. Moreover, the estimated WSE using ALOS led to less disagreement with
the benchmark values, whereas the operation of ASTER and SRTM for this purpose resulted
in overestimating. Overall, despite the tremendous difference of these DEMs in predicting the
flood extents, the performance of these DEMs was acceptable in the predicting WSE of the
rivers (Mean Relative Error=1% within all cross-sections) save in Gorganrud river with the
highest RE% (nearly 5%).

Conclusion: The accuracy of flood inundation mapping is highly dependent upon the river
geometry input files. Accordingly, it is critical to evaluate the influence of these DEMs on
hydraulic outputs. Despite the significant impacts of river morphology characteristics in flood
modelling, there is no viable reference indicating DEMs performance in various rivers with
varying morphologies. The results of flood modelling in different types of Iran rivers revealed
that the ALOS DEM dataset is superior to ASTER and SRTM DEM datasets in terms of a better
representation of river geometry and fairy prediction of hydraulic parameters. For instance,
the higher percentage of F statistics (approximately 80%) proves that this model presented the
flood inundation map with the highest agreement. However, the maximum values of F-
statistics of SRTM and ASTER were nearly 78% and 68%, respectively, showing the flaws of
these DEM sources in flood extents mapping. The efficiency of all DEMs datasets in estimating
WSE of the rivers was excellent (under 1% within the cross-sections). Consequently, ALOS is
particularly potent in accurately hydraulic modelling. Additionally, the remote-sensing based
DEMs are more applicable in wide and (or) straight river reaches than narrow and meandering
rivers. From Gorganrud river, we conclude the underperformance of DEMs in the prediction
of the meandering rivers hydraulic parameters demonstrates that these DEMs are not
appropriate for flood inundation mapping of free-meandering rivers.

Keywords: DEM, Flood, Flood Inundation Mapping, HEC-RAS, GIS, Hydrodynamic
Modelling.
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Fig. 2 Location and plan of the rivers (a:Sojasrud river, b:Taleghanrud river, c:Gorganrud river, d:Sarbaz river)
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Table 1 Morphology characteristics of the rivers

Ri NO. of —Kilometrage ~ Cross- Topographic Bed Sinuosity Bed Slope Width
iver Sections Plan Form .
Reach Start End Scheme Type Material Index (%) (m)
1 0+000  4+054 Wide- 1.1 0.91 132
Taleghanrud 2 4+054 44977 Compound Hilly Braided Rubble 1.27 0.69 32
3 4+977  7+434 1.04 0.12 36
1 0+000 1+349 Mountainous Coarse 2.78 0.5 35
Sojasrud 2 14349 2+349  Simple Steep -Meandering  Sand 1.49 0.7 33
3 2+349 3+849 1.78 0.63 31
1 0+000 6+667 15 0.47 198
Sarbaz 2 6+667 9+667 Compound Flat Straight  Gravel 1.09 0.49 218
3 9+667 15+667 1.24 0.43 240
1 0+000 2+147 Free- Fine 2.99 0.03 105
Gorgranrud 2 2+147 4+597 Compound Flat Meandering Gravel 2.97 0.12 73
3 4+597  6+247 2.68 0.19 62
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Table 2 Flood flows in the rivers

Upstream 2-year 100-year
River Hydrometric ~ Flood Flood
Station Flow(Cms) Flow(Cms)
Sojasrud Balvbin 30 807.1
Sarbaz Pishin 336.5 33429
Gorganrud Aq Qala 87.7 317
Taleghanrud Galinak 120 280.5
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Fig. 3 Comparison of cross-sections derived from various DEM sources in the rivers (a:Sojasrud river, b: Sarbaz river,
c:Gorganrud river, d:Taleghanrud river)
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Table 3 Statistical indices for flood mapping by using different DEMs (Sojasrud and Sarbaz rivers)

Sojasrud river Sarbaz river

DEM F F

MAD RMSE MAPE (%) MAD RMSE MAPE (%)
(m) (m) (%) (m) (m) (%)

GDEM Reference Map - Reference Map =
ALOS 21.22 291 16.9 82.02 60.57 8.63 9.92 85.31
SRTM 26.87 3.68 21.93 73.67 96.17 13.54 14.87 78.19
ASTER 3559 4.58 27.87 65.23 116.68 15.15 15.59 68.14
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Table 4 Statistical indices for flood mapping by using different DEMs (Gorganrud and Taleghanrud rivers)

DEM Gorganrud river E Taleghanrud river E
MAD RMSE MAPE (%) MAD RMSE MAPE (%)
(m) (m) (%) (m) (m) (%)
GDEM Reference Map - Reference Map -
ALOS 27.91 2.3 30.22 55.87 3853 3.87 23.33 73.58
SRTM 27.91 2.29 30.4 54.46 65.5 6.85 35.54 57.69
ASTER 3354 2.87 35.07 49.14 69.2 7.08 39.28 53.07
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