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ABSTRACT. Floods are one of the most destroyable disasters that affect human life
directly. It is important to model floods for the determination of the vulnerable areas, and
planning of the dangerous zones. For this purpose, HEC-RAS software is in use to create
complex flood models. In general, for the modeling of a flood by using any software, an
accurate topography of the area, boundary conditions, Manning coefficients, and the flow
data are essential. However, it is not always possible to have the flow rate of all streams
located in the study area. Because of the mentioned reason, in this study authors preferred
to directly use precipitation data for modeling the flood. A model was created by using
SRTM satellite data for the digital elevation model. A two-dimensional geometry was
created, and the precipitation data was added to the model. The main output of the
performed model showed that using precipitation data directly on a flood model is not
fully representative of the extent of flooding. According to the model result, the flood is
spread over a wider area than it actually was.
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1. INTRODUCTION

Extreme weather conditions as a result of global climate change affect human life
in different ways. Floods are one of these destroyable effects. Determination of the
flood vulnerable areas by computer-aided approaches is very important cause it
supplies a possibility to see how the area will be affected under different
meteorological and hydrological conditions before it is actually affected. Even it is
very useful to create computer models for the detection of flood vulnerable areas, it
is not easy to do certain models because of the complexity of the hydrological and
topographical conditions.

As a result of this complexity, recently scientists developed different approaches
and strategies to increase the created models' accuracy. Lim and Brandt, (2019)
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evaluated the performances of the different digital elevation models (DEM) and
roughness coefficients to understand the effects of both input data. According to the
results they obtained they saw that high-resolution DEMs have better performance
with high Manning’s values and lower resolution DEMs have better performance
with lower Manning’s values. Jafarzadegan et al., (2018) emphasized that it is
challenging to prepare floodplain mapping in case of data-scarce, and also it is
computationally difficult to create hydrodynamic models, especially over large
stream networks. For this reason, Jafarzadegan et al., (2018) proposed a reliable
geomorphic approach as an alternative for delineation of 100- year floodplains for
the Conterminous United States. Abd-Elhamid et al.,(2018) performed a case study
for the Hurghada, Egypt coastal tourism areas flood prediction. They announced the
aim of the study as a derivation of the runoff flow paths and their flow magnitudes
to protect the important coastal areas.

According to the results they shared, it is seen that the site is under danger of flash
flood risk and protection is essential for the site. Zelenidkova et al., (2019) published
a study about the risk modeling of floods in the Kruzlov village of Slovakia. In this
study, authors were focused on three stages of flood modeling separately. In the first
part, they developed a flood model by using HEC-RAS software, in the second part
they identify the vulnerable areas by using ArcGIS, and finally, they performed a
cost analysis for flood damage. As a result of the study, the authors indicated cost
analysis is a useful approach for the evaluation of the property damage due to the
floods.

Quiroga et al., (2016) modeled the flood that occurred in the Bolivian Amazon in
February 2014. By comparing the HEC-RAS 2D results with the satellite image they
found that HEC-RAS software has a good performance on mentioned flood
modeling. They had some valuable information such as water depth, velocity and
temporal variability of the flood February 2014 as a result of the outputs of the HEC-
RAS 2D. Further information about different type of flood modeling approaches can
be found from Ben Khalfallah and Saidi, 2018; Cho et al., 2018; Feng et al., 2020;
Jafarzadegan and Merwade, 2019; Kowalczuk et al., 2018; Logah et al., 2017; Reil
et al., 2018; Romali, 2018; Tsakiris, 2014.

2. METHODOLOGY

In this study, the flood that occurred in Amik plain in 2012 was modeled by using
directly recorded precipitation data. HEC-RAS version 5.0.7 was used for modeling
and visualization of the results. The 2D approach was considered as the best way to
model the flood because the study area is a large plain including complex stream
networks.

2.1. HEC-RAS software

HEC-RAS is an open-source software developed by the US Army Corps of
Engineers that allows users to generate different types of river-based models. It is
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possible to create 1D steady flow models, 1D and 2D unsteady flow simulations,
water temperature models, sediment models, etc. by using HEC-RAS based on the
hydrodynamic approaches. Generally, to perform a reasonable HEC-RAS model; the
topography of the study area, Manning coefficients, precipitation or discharge data,
and the general information about the stream network are essential. A google map
capture was given with figure 1 to show the study area roughly.

HEC-RAS software uses shallow water equations for 2-dimensional modeling.
For the modeling process, a terrain was created by using SRTM (NASA JPL, 2013)
topographic data. Because the created terrain was not included streams located in the
Amik Plain, an improvement was performed on the created terrain by adding all the
main streams by using directly the GIS tool of the HEC-RAS namely Ras Mapper.

Another critical parameter which is the Manning coefficients of the catchment
were determined based on the MODIS (Friedl, M. and Sulla-Menashe, 2019) satellite
data. After the definition of the area based on the satellite data such as mixed forests,
agricultural lands, grassland, water surface, etc. an appropriate Manning coefficient
was chosen from the related literature (Asante et al., 2008; Dayal, 2015) and it was
appointed to the specific area for the creation of the Manning layer.

2.1 Study area and the precipitation data

The study area is located in the southeast part of Turkey. Amik Plain is within the
lands of the Hatay province. The plain has productive farmlands, non-dense urban
areas, and one airport that serves the Hatay region. The plain plays an important role
for the economy of the region and also for the whole country. A google map capture
was given with figure 1 to show the study area roughly.

In this study flood that occurred in Amik plain in 2012 was modeled by using
directly precipitation data. The flood that occurred in 2012 was a long-term flood.
The precipitation data used for modeling starts from 1 Jan 2012 and ends 29 Feb
2012. A total of 369.8 mm of precipitation fell in January at the same station in the
relevant year. In February, 217 mm of precipitation was recorded. Thus, a total of
586.8 mm of precipitation fell in two months. The distribution graph of the
precipitation (mm) was given in figure 2.

Precipitation data was implemented to the model daily. The rainiest day recorded
at the Antakya meteorological station during the flood in the Amik plain in 2012 was
27 January with 45.6 mm.
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Fig. 2. Distribution graph of the precipitation used for flood modeling (Hazir et
al, 2016)

3. RESULTS AND DISCUSSIONS

The precipitation data (mm) recorded in the Antakya meteorology station was
added to the HEC-RAS model to see the extension of the flood 2012 by using
precipitation data.

The 2D model geometry contains the Amik plain and all the surrounded hills. An
outlet for the model was defined at the boundary of the Asi river reaching the
Mediterranean Sea. For the maximum flood model results of the 2D HEC-RAS, an
output was given in figure 3.

At the top of figure 3, results of the 2012 flood were presented on the improved
SRTM DEM. And, at the bottom of figure 3, the same results were shared on the
google earth view.

In both images shared in figure 3, the depth change is shown according to the
tones of the blue color. In the visuals, which means that the depth increases as
the color gets darker, 0 m is the lightest color and 15 m is the darkest color. When
the results were examined, it was observed that the depth around the airport
reached 5 m.
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Fig. 3. Presentation of the results both in DEM and google earth
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Fig. 4. Showing the change of the modeled flood on google earth

It has been shown with this model that the airport and the surrounding area, which
is the region with the lowest natural elevations, are in the position of a concentration
center in case of precipitation in the bowl-shaped terrain model. It is clearly seen in
the terrain model that the waters flowing with precipitation naturally flow from high
elevations to low elevations. In the digital elevation model, it is also seen that the
depth has reached serious dimensions in the mountainous regions of the plain. This
is an indication that there are natural storage pockets in these regions as well.
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However, as observed in the model simulation, the discharge region of these pockets,
which receive precipitation above the storage capacity, is the Amik plain.

The variation of the results of the model, which was created using precipitation
data, overtime is given in Figure 4. While there is no ponding in the region where
the Amik plain is located close to the start date of the precipitation, it is seen that
there is a ponding that increases in-depth as time progresses and spreads to the whole
plain. The colored measurement scale which is numbered 0 to 15 was added to each
time period to show the depth changes during time as well. It is possible to see that
the Amik plain is being a lake after 30 Jan 2012 as it was historically a dried lake.
And by the following time the, depth of the waters accumulated in the Amik plain
increasing step by step. According to the model results, hills located at the east part
of the plain have a greater effect on floods occurring. Hazir et al., (2016) declared
that more than 13000 ha areas were underwater during the flood of 2012. But, as a
main result of the study, it is seen that a much larger area is being covered by waters
by using directly precipitation data.

A cross-section of the Asi river was shown in figure 5 while the flood reach the
maximum level. The location of the cross-section was chosen at the end of the Plain
where the Antakya city center boundary starts.
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Fig. 5. Cross-sectional view of the Asi river

The cross-section of the Asi river is important because it is located after the
connection of all streams of the plain. Even the plain is almost fully underwater, as
it is seen from figure 5, the elevation of the water level is about 77 m and the flow is
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inside the channel. According to this obvious result, it is understood that the reason
the floods occurred in Amik plain is not only about the dimensions of the Asi river
but it is also about the dimensions of the other streams while all the other streams
cannot reach the flow to the Asi river safely.

4. CONCLUSION

In this study, a 2D flood model was created by using a relatively new version of
the HEC-RAS software (5.0.7). It was investigated how the precipitation data will
be effective on flood modeling in case of scarcity of the runoff data. However, it was
seen, the model results affect a larger area than affected. It is thought that there are
several possible reasons for the model results to spread over a wider area than
analyzed using flow data. The most important reason is the assumption that the
precipitation data recorded at the Antakya meteorological station is effective in the
whole study area. However, in the case of any precipitation, precipitation
measurements are likely to show regional differences. In fact, some regions may not
receive any precipitation at that time. In addition, while creating the DEM,
improvements were made only on the stream networks in the plain. However, any
improvements were not performed for the mountain region. The mountain region is
just like the original terrain of the SRTM data. In a conclusion, it can be said, using
directly precipitation data for flood modeling may cause overestimation. To increase
the reliability of such models more sensitive precipitation data for small catchments
are necessary. And also, the topography of the has primary importance for
precipitation-based modeling as well it has great importance for runoff-based
modeling.

REFERENCES

1. Abd-Elhamid, H.F., Fathy, 1., Zelenakova, M., 2018. Flood prediction and
mitigation in coastal tourism areas, a case study: Hurghada, Egypt. Nat. Hazards
93, 559-576. https://doi.org/10.1007/s11069-018-3316-x

2. Asante, K.O., Artan, G.A., Pervez, S., Bandaragoda, C., Verdin, J.P., 2008.
Technical Manual for the Geospatial Stream Flow Model (GeoSFM). Virginia.

3. Ben Khalfallah, C., Saidi, S., 2018. Spatiotemporal floodplain mapping and
prediction using HEC-RAS - GIS tools: Case of the Mejerda river, Tunisia. J.
African Earth Sci. 142, 44-51. https://doi.org/10.1016/].jafrearsci.2018.03.004

4. Cho, H., Yee, T.M., Heo, J., 2018. Automated floodway determination using
particle swarm optimization. Water (Switzerland) 10, 1-21.
https://doi.org/10.3390/w10101420

5. Dayal, BW., 2015. Shallow groundwater modeling of the historical Irwin wet
Prairie in the Oak Openings of Northwest Ohio. Graduate College of Bowling
Green State University. https://doi.org/10.13140/RG.2.1.1601.6409

6. Feng,B., Wang,J., Zhang, Y., Hall, B., Zeng, C., 2020. Urban flood hazard mapping
using a hydraulic — GIS. Nat. Hazards. https://doi.org/10.1007/s11069-019-03850-
7

7. Friedl, M., D., Sulla-Menashe, 2019. MCD12Q1 MODIS/Terra+Aqua Land Cover

55



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Type Yearly L3 Global 500m SIN Grid V006 [Data set]. NASA EOSDIS Land
Processes DAAC. https://doi.org/10.5067/MODIS/MCD12Q1.006

Hazir, 1., Akgiil, M.A., Alkaya, M., Dagdeviren, M., 2016. 27 Ocak - 14 Mart 2012
Tarihleri Arasinda Hatay ili Amik Ovasinda Meydana Gelen Taskinlarin Cografi
Bilgi Sistemleri Kullanilarak Degerlendirilmesi, in: 4. Ulusal Tagkin Sempozyumu.
Rize, Turkey.

Jafarzadegan, K., Merwade, V., 2019. Probabilistic floodplain mapping using
HAND-based statistical approach. Geomorphology 324, 48-61.
https://doi.org/10.1016/j.geomorph.2018.09.024

Jafarzadegan, K., Merwade, V., Saksena, S., 2018. A geomorphic approach to 100-
year floodplain mapping for the Conterminous United States. J. Hydrol. 561, 43—
58. https://doi.org/10.1016/j.jhydrol.2018.03.061

Kowalczuk, Z., Swiergal, M., Wroblewski, M., 2018. River Flow Simulation Based
on the HEC-RAS System 635. https://doi.org/10.1007/978-3-319-64474-5

Lim, N.J., Brandt, S.A., 2019. Flood map boundary sensitivity due to combined
effects of DEM resolution and roughness in relation to model performance.
Geomatics, Nat. Hazards Risk 10, 1613-1647.
https://doi.org/10.1080/19475705.2019.1604573

Logah, F.Y., Amisigo, A.B., Obuobie, E., Kankam-Yeboah, K., 2017. Floodplain
hydrodynamic modelling of the Lower Volta River in Ghana. J. Hydrol. Reg. Stud.
14, 1-9. https://doi.org/10.1016/j.ejrh.2017.09.002

NASA JPL, 2013. NASA Shuttle Radar Topography Mission Global 1 arc second
[Data set]. NASA EOSDIS Land Processes DAAC.
https://doi.org/10.5067/MEaSUREs/SRTM/SRTMGL1.003

Quiroga, V.M., Kurea, S., Udoa, K., Manoa, A., 2016. Application of 2D numerical
simulation for the analysis of the February 2014 Bolivian Amazonia flood:
Application of the new HEC-RAS version 5. Ribagua 3, 25-33.
https://doi.org/10.1016/j.riba.2015.12.001

Reil, A., Skoulikaris, C., Alexandridis, T.K., Roub, R., 2018. Evaluation of riverbed
representation methods for one-dimensional flood hydraulics model. J. Flood Risk
Manag. 11, 169-179. https://doi.org/10.1111/jfr3.12304

Romali, N.S., 2018. Application of Hec-Ras and Arc Gis for Floodplain Mapping
in Segamat Town, Malaysia. [Int. J.  GEOMATE 14, 7-13.
https://doi.org/10.21660/2018.43.3656

Tsakiris, G., 2014. Flood risk assessment: Concepts, modelling, applications. Nat.
Hazards Earth Syst. Sci. 14, 1361-1369. https://doi.org/10.5194/nhess-14-1361-
2014

Zelendkova, M., Fijko, R., Labant, S., Weiss, E., Markovi¢, G., Weiss, R., 2019.
Flood risk modelling of the Slatvinec stream in Kruzlov village, Slovakia. J. Clean.
Prod. 212, 109-118. https://doi.org/10.1016/j.jclepro.2018.12.008

56



