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Abstract: This research focuses on the use of the HEC-RAS model to estimate flash flood risk. It combines
advanced hydraulic modeling techniques and precise data entry. The aim is to contribute knowledge to assess
flash flood risk and reduce impacts on communities and infrastructure. The selection of study areas with a
history of severe flooding, such as the Lam Saphung Basin, Phrom River Basin, and Lam Chern River Basin
Part 1 in Thailand, highlights the importance of thorough flash flood risk assessment. By leveraging the HEC-
RAS model, the results of this research inform proactive risk management strategies, improve emergency
preparedness and help develop sustainable mitigation measures. The results are important in developing
emergency response strategies and overall recovery ability in areas at risk of flash floods. The research
combines advanced hydrologic modeling and real-world flash flood data. In addition to the flood condition
assessment, the extent of the flood area and associated hazards were assessed using a two-case simulation
strategy. The study covers future scenarios related to land use changes and retrospective analysis of past flood
events. The results have practical implications for improving emergency response strategies, land use planning,
and overall resilience in flash flood-prone areas. The integrated approach emphasizes the research output to
providing insights and actionable solutions for communities facing ongoing challenges posed by flash floods.

Keywords: flash flood area; runoff; HEC-RAS; land use change; flood plain risk; flash flood risk assessment

1. Introduction

Inadequate drainage of drainage channels or creating obstacles that cause more water to be stored
constitute improper management of a drainage system. Floods affect many issues such as causing
economic loss, death and health problems [1-2], loss of natural resources, damage to society and
community areas. Proper management and response to flooding are therefore important to reduce
future impacts [3-4]. Good planning in the development and management of water resources such as
building an efficient drainage system and monitoring infrastructure improvements [5-6] can help
reduce the risk of flooding in the long run. Understanding the factors that cause and impact flooding is
fundamental to further efforts to deal with flooding in many areas around the world [7-9].

Flash floods pose a significant threat to human life and infrastructure in flash flood-prone areas
[10-13]. These events are characterized by heavy rain over a short period of time, causing rapid runoff
and an increased chance of flooding [14-15]. Accurately quantifying flash flood risk is essential to
implementing effective mitigation and preparedness measures. In the past few years hydrodynamic
models have become a valuable tool in assessing flood hazards and risks [16-17]. For example, the
SWMM (Storm Water Management Model) is a tool used to simulate an area's drainage system. For
stormwater management and flood risk assessment, the FLO-2D model can simulate flood movement
in areas that are flat or not connected to the waterline [18-20]. The model allows risk assessment and
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prediction of areas that may fall into flood zones. The MIKE Flood model is a simulation system used
to assess the risk and power of flooding [21-23]; it has the ability to simulate water flow and flood
movement in an area both spatially and temporally. However, among such models the HEC-RAS
(Hydrological Engineering Center-River Analysis System) model has proven to be extremely effective
in simulating flood flow behavior [24-26].

The HEC-RAS model is a widely used one-dimensional hydraulic model which helps predict
water surface characteristics flow speeds and flood extent. It simulates interactions between river
channels, floodplains structures and other hydraulic features to cover flood risk in a specific area [27-
29]. By accurately simulating the complex dynamics of flash floods, the HEC-RAS model can help
identify places at risk. It can estimate flood depth and potential damage with flood patterns and is
able to be refined by including additional information such as rainfall land use and river channel
characteristics [30-32]. To increase the accuracy of flood assessments, remote sensing and high-
altitude satellite imagery can help better the precision of flood modeling and risk assessment. These
data can offer further insights into the extent and severity of flooding across various regions [33-34].
However, the current study does not delve into the limitations associated with its methods and scope.
Further research and analysis may be required to address these limitations and increase the usability
of the findings. Satellite data provides low-precision information about flood events such as the
location and extent of the flood but cannot determine the depth and duration of the flood [35-36].
Historically flooded property surveys are essential for complete and reliable flood management
information. This study focuses on creating flood hazard maps using observable flood maps and the
HEC-RAS V. 6 and GIS tools.

Despite numerous studies on the relationship between flood hazard and housing prices in
developed countries, research in developing countries is lacking. In Thailand for example, this study
does not present the effects of land change or human intervention on future flood hazards, especially
regarding criteria for considering property loss or evaluating land changes in areas prone to flooding
[37-39]. The results of this research can be used in flood risk management and emergency
management planning. Accurately estimating flash flood risk using the HEC-RAS model affects
stakeholders including local agencies, urban planners and emergency management agencies,
bringing all-round information about land use. Design infrastructure and preparedness links to
reduce risk in areas at risk of flash floods [12,40-41]. These findings are useful in developing targeted
mitigation strategies [42]. To reduce risk and increase resilience in communities facing flash flood
risk there are many benefits from using the HEC-RAS model.

In summary, using the HEC-RAS model to estimate flash flood risk has the potential to
revolutionize research understanding of these catastrophic events by combining advanced hydraulic
modeling techniques with precise data entry [43-45]. This research aims to contribute to the growing
body of knowledge on flash flood hazard assessment by implementing effective mitigation measures
based on its findings. Research can be conducted on implementing effective mitigation measures
based on the findings of this study. Research can take important steps in reducing the impact of flash
floods on communities and, ultimately, protecting lives and infrastructure. The study area (Lam
Saphung Basin, Phrom Basin, and Lam Chern Basin Part 1 which are tributaries of the Chi River
Basin. Which is located in the northeast of Thailand has a history of experiencing severe flooding in
the past [46-48]. Floods such as these highlight the importance of detailed and localized flash flood
risk assessments by leveraging the HEC-RAS model.

The objective of this research is to provide detailed and accurate estimates of flash flood risk in
selected areas. The results have the potential to inform proactive risk management strategies,
improve emergency preparedness and contribute to the development of sustainable mitigation
measures tailored to the unique challenges posed by flash floods. While this research delves into the
complexities of flash flood risk assessment using the HEC-RAS model, it not only addresses the
immediate concerns of the selected study area, but also provides valuable insights that can be
extrapolated to other regions grappling with similar environmental vulnerabilities. The combination
of advanced hydrologic modeling and real-world flash flood data sets this research apart from
existing studies.
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2. Materials and Methods

This research uses the HEC-RAS model to assess flash flood risk from areas that have
experienced flooding [49-50]. In addition to evaluating flood conditions with HEC-RAS, this research
imported river cross-section data into RAS Mapper and adjusted the Manning' N value in the model
which was divided into 2 parts: river coefficient and flood area coefficient (2D Area) that are
appropriate to the geography and watershed studied. Water levels and flood zone boundaries were
calibrated and checked. Two cases were considered. — (1) Simulating flooding from past land use
changes using water data from the 2021 SWAT model importing HEC-RAS and simulating in 2006,
2008, 2010, 2015, 2017 and 2019, (2) Simulation of past flood events using water data from SWAT and
land use in 2006, 2008, 2010, 2015, 2017, and 2019, emphasizing the analysis of various steps as shown
in Figure 1.
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Figure 1. Study Framework.

Figure 1 illustrates that the evaluation of flood conditions using the HEC-RAS model was
divided into two simulation cases. In each case the simulation estimated the extent of the flood area
and assessed the danger from flooding. This assessment of the danger from flooding was divided
into 2 cases. — (1) Simulating flood hazards from changes in land use in the past, (2) Simulating past
flood events classifying the level of danger from flooding.

2.1. Study Area

The study area selected for research comprised three basins that have experienced flash floods,
namely the Lam Saphung Basin, the Phrom Basin, and the Chern Basin Part 1. These three basins are
subbasins of the Chi River basin which is located in the northeastern region of Thailand as shown in
Figure 2. In addition, all 3 basin areas have complete land use and rainfall map data available which
can be used to evaluate the occurrence of runoff at different times.
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Figure 2. Study area.

From Figure 2, it is seen that these 3 basins have different characteristics under watershed
conditions, even though they are adjacent areas. Information on the general condition and details of
each basin are described below.

2.1.1. Lam Saphung River Basin

The Lam Saphung River Basin, is a subbasin of the Chi Basin with an area of 743.74 km? covering
1.51 % of the main basin. This area covers Kaset-somboon District, Nong Bua Daeng District and
Khon San District in Chaiyaphum Province. The average annual rainfall is about 1,203.4 mm. The
total runoff volume is 229.6 MCM (million cubic meters), with runoff volume per unit area of 9.8 1/s-
m? (liters/second-square meter).

2.1.2. Phrom River Basin

The Phrom River basin is a subbasin of the Chi River basin with an area of 2,264.66 km? covering
4.60 % of the main river basin. This area covers Kaset Sombun District, Phu Khiao District, Ban Thaen
District and Khon San District in Chaiyaphum Province, Chum Phae District in Khon Kaen Province,
Mueang Phetchabun District, Lom Sak District and Nam Nao District in Phetchabun Province. The
average annual rainfall is about 1,080.3 mm. Total runoff volume is 435.3 MCM with runoff volume
per unit area 6.1 1/s-m?2.

2.1.3. Chern River Basin Part 1

The Chern Basin Part 1 is a subbasin of the Chi Basin with an area of 1,899.65 km? covering 3.86
% of the main basin. This area covers Kaset Sombun District, Phu Khiao District, Ban Thaen District
and Khon San District in Chaiyaphum Province, Chum Phae District in Khon Kaen Province, Lom
Sak District and Nam Nao District in Phetchabun Province. The average annual rainfall is about
1,104.4 mm. Total runoff volume is 363.8 MCM with runoff volume per unit area 6.1 1/s-m?.


https://doi.org/10.20944/preprints202404.1420.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 April 2024

2.2. Data Preparation

Data preparation involved selected river basin areas that had experienced flash floods in 2021
using flash flood and flash flood data from the system https://data.dmr.go.th/dataset/debris flood [47-
48] provided by the Department of Mineral Resources. Flash flood events were selected for study only
in the Lam Saphung Basin, Phrom River Basin, and Chern River Basin Part 1. Each basin has different
characteristics. The input data format was collected from relevant agencies as shown in Table 1.

Table 1. Data Used in Simulating Water Scenarios.

Data Sources During the year 2006-2021

DEM Department of Land Development
Land Use Map Department of Land Development
Hydraulic Building Department of Irrigation

Shape file GISTDA

The data presented in Table 1 were used as input for the HEC-RAS unit model, representing
three areas. These inputs were — (1) A numerical elevation model (DEM) using LDD DEM (4 m), (2)
A land use information map covering the years 2006-2019 from the Land Development Department,
(3) Hydraulic building data from the Royal Irrigation Department, (4) The extent of modeling from
the upstream side expected to be affected by flooding, obtained from data provided by the Geo-
Informatics and Space Technology Development Agency.

2.3. Flood Condition Assessment Using the HEC-RAS Model

This study utilized the HEC-RAS version 6.4.1 model for analyzing flood areas in the three
subbasins. The HEC-RAS model, developed by the U.S. Army Corps of Engineers, stands for
Hydrologic Engineering Center - River Analysis System. It serves as a tool for simulating steady flow
conditions in 1D and both 1D and 2D unsteady flow conditions. In this study, the analysis of flood
areas was conducted using the HEC-RAS model, with the following important steps.

2.3.1. Creating and Defining Physical Characteristics

In creating the HEC-RAS model to assess flooding conditions in the three study areas for this
research, the extent of modeling expected to be affected by flooding from the upstream side was been
determined based on data from the Geo-Informatics and Space Technology Development Agency
(Public Organization), or GISTDA. The steps involved in creating the model are detailed as follows.

1) Creating the centerline of the river's left and right banks

The creation of the river centerline and left-right bank in the HEC-RAS version 6.4.1 model can
be accomplished by importing aerial image map data and using it as a background image. The
centerlines and left-right banks of the three rivers, as demonstrated in the details of the Ras Mapper
window of the HEC-RAS model, were as depicted in Figure 3.

d0i:10.20944/preprints202404.1420.v1
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Figure 3. Creating the center line of the river and the left-right bank in the Ras Mapper window.

From Figure 3 it is seen that the Lam Saphung River Basin is at the foot of Ban Saphung Nuea
Nong Waeng Subdistrict Nong Bua Daeng District Chaiyaphum Province to the confluence point of
the Chi River. The Ban Huai Han area Wang Chomphu Subdistrict, Nong Bua Daeng District
Chaiyaphum Province has a total distance of approximately 19.7 km. Following that is the Phrom
River Basin, starting from the bridge over the Phrom River in the area of Ban Kaeng Tad Sai Non
Thong Subdistrict, Kaset Sombun District, Chaiyaphum Province, and extending to the confluence
point of the Chern River in the same area. Baan At Samat, Na Phiang Subdistrict Chum Phae District
Khon Kaen Province a total distance of approximately 142.9 km and the last order is Lam Nam Chern
River Basin Part 1 from the bridge over the Chern River in the area of Ban Wang Mon Wang Swap
Subdistrict Phu Pha Man District, Khon Kaen Province to the confluence point of the Nam Phrom
River in the area Baan At Samat Na Phiang Subdistrict Chum Phae District Khon Kaen Province total
distance approximately 128.4 km.

2) Importing Digital Elevation Model data (DEM)

After creating the center line of the river and the left-right bank the numerical elevation model
or DEM data was then imported into the Ras Mapper window to use as a representation of the
elevation of each flooded area. In this study, DEM data with a resolution of 5 meters x 5 meters was
used to cover the area expected to be flooded as shown in Figure 4.
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Figure 4. Importing DEM data with a size of 5x5 m and river cross-section locations from surveys
conducted by the Royal Irrigation Department and the Department of Water Resources into the HEC-
RAS model.

3) Importing river cross-section data and the Hydraulics Building

This research imported stream cross section data into RAS Mapper by drawing lines
perpendicular to the stream that were imported in the previous step. A total of 115 river sections were
imported consisting of 12 sections of the Lam Saphung Basin 54 sections of the Phrom River Basin,
and 49 sections of the Lam Nam Chern River Basin Part 1. The elevation data for each river section
was obtained from the 5 x 5-meter DEM data that was imported into Ras Mapper in the previous
step. The elevation values obtained from DEM data may not have sufficient resolution. Therefore, the
elevation value of the river cross-section data obtained in the Geometric Data window was adjusted
by relying on the river cross-section data obtained from surveys in the area of the Royal Irrigation
Department and the Department of Water Resources to make adjustments as shown in Figures 4-7.

=

¥
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.
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Figure 5. Lam Saphung Basin survey cross-section imported into the HEC-RAS model.
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Figure 6. Carpet basin survey cross section imported into the HEC-RAS model.

Section B85 Royal Irrigation Department

Figure 7. Cross section of the Nam Chuen River Basin Survey Part 1 imported into the HEC-RAS

model.

Figures 5-7 shows the cross-section of the watershed survey foreach river. In addition to the
stream cross-section data imported into the HEC-RAS model, hydraulic building data was also
imported into the HEC-RAS model in order to obtain accurate, accurate, and reliable results from the
HEC-RAS simulation.

In this study, the data of 2 hydraulic buildings were imported, namely the Nam Phrom Basin
Floodgate and Lam Nam Chern Floodgate Part 1. When adjusting the height of the river cross-section
and importing the hydraulic building data. After adjusting the height of the river cross section and
importing the hydraulic building data, a section can be presented along the length of each river as

seen in Figure 8.
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Figure 8. River Profile (a) Lam Saphung River Basin, (b) Phrom River Basin, and (c) Chern River Basin
Part 1

4) The creation of flood zone boundaries for 2D flow and connecting lines between 1D and 2D
flow

The flood area for 2D flow was represented by the 2D Area while the line connecting the 1D and
2D flows was represented by the Lateral Structure which is the line connecting the flooded area from
the river and the flooded area (2D Area) by considering the left and right bank lines. The 2D Area and
Lateral Structure data were imported from the Geometric Data window and the elevation of each
data type was determined from the DEM data that was entered in the previous step. The resolution
of the Grid Cell was set to be 400 m except for areas close to river boundaries and roads where the
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Grid Cell was set to be 100 meters in size to improve resolution of calculation. Subsequently, the
HEC-RAS model determined the elevation of each grid cell using the elevation values from the DEM
data. Lateral Structure data was processed in the same way. The data elevation value was set from
the DEM data, which generally used the same elevation as the waterline level. After the operation
was completed, the boundaries of the 2D Area and Lateral Structure could be displayed as shown in
Figure 9.
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Figure 9. Overview of importing 2D Area and Lateral Structure data.

5) Determination of the roughness coefficient (Manning's n) of streams and flooded areas

The determination of the roughness coefficient (Manning's n) in the HEC-RAS model was
divided into 2 parts: the roughness coefficient of the waterway and the roughness coefficient of the
flooded area (2D Area). These considered the roughness coefficient of both parts as shown in Table 2,
where the Manning's n value of the river was mainly determined by the condition of the river, while
Manning's n of flood area (2D Area) was determined from land use data in the flood area. The details
can be seen in Figure 10.

Table 2. Manning's roughness coefficient (n) values [51].

Manning's n value

Min Medium Max

Types and characteristics of waterways

1. Natural Waterways
1.1 A tributary (The width of the water surface where the flood

occurred was 32 meters)

1.1.1 River on the plain 0.025  0.030  0.033

- The area is clean and well-maintained, with a smooth
surface and no obstructions or deep puddles. 0.030  0.035  0.040
- Similar to the initial one but with additional rocks and 0.033  0.040  0.045
weeds. 0.035  0.045  0.050
- Clean and tidy with ponds and underwater caves. 0.040  0.048  0.055

- Clean and tidy with ponds and underwater caves but

with weeds and rocks. 0.045 0.050 0.060



https://doi.org/10.20944/preprints202404.1420.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 April 2024 d0i:10.20944/preprints202404.1420.v1

11

Manning's n value

Types and characteristics of waterways
Min Medium Max

- Clean and tidy with ponds and underwater caves there
are weeds and rocks, but the slope level and cross - sectional 0.050 0.070 0.080
shape are uncertain. 0.075 0.100 0.150
- Clean and tidy with ponds and underwater caves there
are weeds and rocks, but there are more rocks than weeds
- The slow-flowing section is shallow with weeds. 0.030  0.040  0.050
- The section with abundant weeds, shallow ponds, or 0.040 0.050 0.070
flood-prone areas with trees.
1.1.2 In streams in the hills, there are no aquatic plants in the
watercourse. Trees and shrubs along the slope are submerged at
high flow levels.
- Bottom: Pebbles, rocks, and a few large boulders.

- Bottom: Rocks, larger boulders than the first.

1.2 Flood plain
1.2.1 Grassland with no shrubs.
-Short grass 0.025 0.030 0.035
-Long grass 0.030 0.035 0.050
1.2 .2 Plantation area
- No plants 0.020  0.030  0.040
- Mature row of plants 0.025  0.035  0.045
- Mature field crops 0.030  0.040  0.050
1.2.3 Shrub
- Shrubs are scattered and weeds are thick. 0.035  0.050  0.070
1.2.4 Tree
- The area was empty with tree stumps and no shoots. 0.030  0.040  0.050

- The area was empty with tree stumps and many shoots.  0.050 0.060 0.080
- There are numerous standing trees a few fallen small 0.080 0.100 0.120

trees and the water level is slightly below the branches
- There are a lot of standing trees and a few fallen trees ~ 0.100  0.120  0.160

and a few small trees. But the water level reaches the branches.

1.3 The main stream (water surface width when flooding occurs

is 32 meters) is less than that of smaller streams with the same

characteristics. 0.025 0.060
1.3.1 The cut is even and there are no rocks or shrubs. 0.035 0.100

1.3.2Irregular and rough cut.
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Figure 10. Manning's n value determination for the flooded area (2D Area) from the 2019 land use
map.

6) Importing Boundary Conditions data

After defining the geometric data and determining the Manning's n coefficient, then importing
the flow rate data for each sub-basin calculated with the SWAT model, the results were stored in an
available data storage system called HEC Data Storage System (DSS) and inputted to the HEC-RAS
model, entered through the Unsteady Flow Data window.

2.3.2. Assessing the Extent of Flood Areas Using the HEC-RAS Model

This research evaluated flood conditions by estimating the extent of the flooded area with the
HEC-RAS model focusing on importing river cross-section data and adjusting the Manning' N value
in the model to create appropriate coefficients. To obtain an accurate model of the river basin and
flood conditions, simulation results were included to calibrate and check water levels and the extent
of the flooded area. Detailed analysis and consideration of past events of interest to increase
understanding of flood behavior in the study area. This research divided the simulation into 2 cases.
— (1) the case of simulating flood conditions from changes in land use in the past, and (2) the case of
simulating past flood events in the past.

2.3.3. Assessing the Danger from Flood Conditions

The flood hazard assessment for this study was based on criteria from the WRL Technical Report
2014/17 Flood Hazard [52]. In evaluating flood hazard with the HEC-RAS model, these criteria for
danger from flooding were as shown in Figure 11 in which flood hazard is resolved into 6 levels (H1-
H6) based on depth and flow velocity as the determinants, as shown in Table 3. These criteria can be
used to write scripts in Ras Mapper to create flood hazard maps. As shown in Figure 12, this research
has divided the simulation into 2 cases: 1) the case of simulating flood conditions from changes in
land use in the past, 2) the case of simulating past flood events in the past.
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Figure 11. Flood hazard curve. Classified by depth and flow velocity.

Table 3. Flood danger level classification criteria with depth and flow velocity.

Hazard The product between depths | The highest flood | The highest flow

(D) and flow velocity (V) level velocity
Hl D*V<0.3 0.3 2.0
H2 D*V<0.6 0.5 2.0
H3 D*V<0.6 12 2.0
H4 D*V<10 20 20
H>5 D*V <40 40 20
He D*V <40 - _

ROOARN €I RMSNG | i

P Ovne
Fobter 3 Sk RS P Do Lo g Cadnd o

P e

ORETE, WTITTT pd < 91 0O

Figure 12. Using flood hazard classification criteria to write scripts in Ras Mapper to create flood
hazard maps.
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3. Results and Discussion

This research has provided diverse information and deepened our understanding of flooding
issues, thereby helping to inform effective decision-making in managing and preventing flood risk.
The results of the HEC-RAS model calibration and validation provide confidence in the model’s
accuracy in simulating current flood conditions. In estimating the flood area extent with the HEC-
RAS model, the ability to predict and assess areas at risk of flooding has been achieved in situations
where land use change has been confirmed. The results provide a useful database for developing
flood management and prevention plans that are compatible with different development programs
and uses of floodplains. In addition, the results of the flood hazard assessment provide useful
information for planning and managing flood risk. For hazard assessment, it not only provides
information about high-risk areas, but it also categorizes different hazard levels that can be used to
prepare flood management plans and create compatible protection plans. Therefore, all the results of
this research provide guidelines and information necessary for planning and implementing flood
management situations. In addition, the data and results of this research can be used to develop
policies and guidelines for flood management that affect the local community and environment as
detailed below.

3.1. HEC-RAS Model Calibration and Verification Results

The results of calibration and verification of the HEC-RAS model were achieved by adjusting
the Manning's n value of the river and riverbank plains (in the 2D area), divided into 2 types. — (1)
calibration and verification of water level values and (2) calibration and verification of flood area
boundaries. The details and results of the calibration are as follows.

3.1.1. Results of Calibration and Inspection of Water Level Values

Water level values were checked and calibrated by adjusting the Manning' N value in the model
for calibration [24, 25] at 3 water measuring stations of the Royal Irrigation Department in each river
basin. — (1) Lam Saphung River Basin, water measuring station E.83. (2) Phrom River Basin, water
measuring station E.93. (3) Chern River Basin Partl water measuring station E.85. Then the water
level results from the model were compared with the values obtained from actual water level
measurements at water measuring stations on a daily basis between July 2021 and October 2021
which was a year of severe flooding. The calibrated Manning' N values were then used to check the
model again. during July 2010 to October 2010.

The results of the model calibration and verification are shown in Figure 13 and 14. The R? and
NSE statistical values were obtained by comparing the calculated water level values from the HEC-
RAS model with the obtained water level values. From the measurement reported in Table 4, the R?
and NSE statistical values was greater than 0.600 and the P-BIAS value was less than +15%, showing
that the relationship between the water level values was very good and acceptable according to
international standards [53].
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Figure 13. Calibration of the HEC-RAS model at each water metering stations during the period
between July 2021 and December 2021.
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Figure 14. Validation of the HEC-RAS model at each water metering stations during the period

between July 2010 and December 2010.
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Table 4. R2and NSE statistical values from calibration and validation of the model at each water
measuring station.

Statistical Calibrations Validations
values E.85 E.93 E.83 E.85 E.93 E.83
R2 0.880 0.913 0.994 0.745 0.874 0.993
NSE 0.868 0.893 0.892 0.653 0.868 0.822
P-BIAS +0.01 +0.06 - +0.01 -0.02% +0.12
% % 0.10% % %

3.1.2. Results of Calibration and Inspection of Flood Area Boundaries

The spatial data relationship Relative Error (RE) and F-statistics were used as statistical values
to check reliability of the results for calibration and inspection of the flood area extent. As shown in
the equation below, low RE values and large Fs values show the consistency of the flood area
boundaries from satellite images and model simulations [54].

The HEC-RAS model calibration and verification results used the flood area boundaries using
information on the extent of the flooded area obtained from the analysis of satellite image data from
GISTDA [55] which in calibrating the model, used data from satellites COSMO-SkyMed-4. The data
recorded on September 27, 2021 at 5:58 a.m. was compared with the extent of the water area during
the same period obtained from the HEC-RAS model, as shown in Figure 13. The relative values of
the spatial data were obtained: Relative Error (RE) and F-statistics are equal to 0.41 and 46.57%,
respectively. This statistical result does not provide clear criteria for dividing the reliability interval.

g Kao

Figure 15. Calibration of flood area extent on 27 September 2021 from the HEC-RAS model and from
GISTDA satellite images.
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Figure 16. Verification of flood area extent on 20 October 2010 from the HEC-RAS model and from
GISTDA satellite images.

3.2. The Assessment of Flood Area

Results of the assessment of flood area extent using the HEC-RAS model to analyze current flood
conditions. The simulations were separated into two important cases. This makes it interesting to
analyze the fluctuations in flood conditions in more detail.

3.2.1. Flood Conditions from Changes in Land Use in the Past

In this case, flood simulations were studied in the context of past land use changes. The focus
was to analyze the impact of such changes on water flow characteristics and areas that may have been
affected by past floods. This study focused on understanding trends and changes that occurred in the
area during periods of land use change. Using the 2021 runoff data from the SWAT model imported
into the HEC-RAS model and then applying simulated changes in land use in the past for 6 years
including the years 2006, 2008, 2010, 2015, 2017 and 2021 results in the simulated flood extent map
shown in Figure 17. This approach can show details of the size of the flooded areas in the past
classified by type of land use each year as shown in Table 5 and Figure 18.
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Figure 17. Extent of flooded areas from past land use changes.

Table 5. Size of flooded areas from past land use changes classified by type of land use.

Size of flood area (km?)
River basin Land use type
2019 2017 2015 2010 2008 2006
Lam
Saphung Agricultural area 2.15 2.00 1.94 2.11 1.51 1.49

Forest area 0.25 0.45 0.44 0.44 0.54 0.51


https://doi.org/10.20944/preprints202404.1420.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 April 2024 d0i:10.20944/preprints202404.1420.v1

20

Size of flood area (km?)

River basin Land use type
2019 2017 2015 2010 2008 2006

Urban and built-up

land 0.00 0.00 0.01 0.00 0.00 0.00
Water source 0.43 0.44 0.44 0.44 0.07 0.08
Other 0.35 0.28 0.34 0.17 1.00 1.02
Total 3.18 3.17 3.17 3.16 3.13 3.10
Phrom Agricultural area 81.87 8128 7927 8129 7826 7741
Forest area 0.02 0.56 0.00 0.00 0.04 0.04

Urban and built-up
land 1.67 1.71 1.77 1.76 1.16 1.08
Water source 1547 1512 1531 1526 1210 1225
Other 2.44 2.09 2.58 0.01 5.42 5.42

101.4  100.7

Total 8 5 98.93 98.32 96.99  96.20
Chern Part 1. Agricultural area 71.78 7173 7153 7437 69.87  69.02
Forest area 0.04 0.51 0.06 0.17 0.22 0.67

Urban and built-up
land 1.99 2.05 2.10 1.88 1.70 1.72
Water source 1196 1097 11.21 10.60 8.53 9.13
Other 3.05 3.58 3.97 0.03 5.01 3.66

Total 88.82 88.84 88.88 87.05 8532 84.19
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Figure 18. Flood areas classified by type of land use each year (a) Lam Saphung Basin (b) Phrom River
Basin and (C) Chern River Basin Part 1.

From the results in Table 5 and Figure 18, it is seen that the trend of the size of flooded areas in
each river basin tended to increase steadily with land use from 2006 to 2019. This is the result of
changes in land use in which forest areas became agricultural areas. In the Lam Saphung River Basin,
there was a flood area of 3.10 km?2 in 2006 and a flood area of 3.18 km? in 2019, an increase of 0.08 km?,
equivalent to 2.5% (an increase in the flood area of 0.43% per year). In the Phrom River Basin trhere
was a flood area of 96.20 km?2 in 2006 and a flood area of 101.48 km? in 2019, an increase of 5.28 km?,
accounting for 5.49% (an increase in the flood area per year of 0.91%). The Chern River Basin Part 1
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had a flood area of 84.19 km? in 2006 and a flood area of 88.82 km2. In 2019, it increased by 4.63
km?, accounting for 5.50% (representing an increase in the flood area per year of 0.92%. In
addition, it was found that the type of land use that caused the most flooding in each basin
was agricultural land use [56,57].

3.2.2. Flood Events in the Past

In this case, flood simulation was used to study flood events that have occurred in the past. By
simulating past floods, this will help understand the nature and impact of past flood events. The
approach focused on analyzing the severity of flooding and the areas most affected by past flooding
events. This study aims to build an understanding of the nature of past events to enhance knowledge
on future flood management and prevention. We used annual runoff data from the SWAT model,
imported into the HEC-RAS model and simulated together with land use in the past 6 years, namely
2019, 2017, 2015, 2010, 2008, and 2006. The results of the simulation of the flood extent map are shown
in Figure 19 which shows details of the size of the former flood area classified by type of land use.
Each year is as shown in Table 6 and Figure 20.

Legend
N
+ District point Flood depth (m.)
— Main road [ <=1.0 M 3.0-4.0 WM 60-7.0
BN 1.0-20 EM40-50 M 7.0-80
[ Watershed boundary gy > 3.0 WM 5.0-6.0 W >80  ° 24 40
 — I

Figure 19. Extent of flood areas from past flood events from HEC-RAS simulation.
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Table 6. Size of flood areas from past flood events from simulation with HEC-RAS model.

Size of flood area (km?)

River basin Land use type
2019 2017 2015 2010 2008 2006
Lam
Saphung Agricultural area 0.17 0.30 1.40 2.86 0.25 0.86
Forest area 0.02 0.06 0.32 0.58 0.14 0.33
Urban and built-up
land 0.00 0.00 0.00 0.00 - 0.00
Water source 0.26 0.29 0.41 0.47 0.01 0.06
Other 0.11 0.11 0.27 0.24 0.62 0.85
Total 0.55 0.76 241 4.15 1.01 2.10
Phrom Agricultural area 1519 7168 66.17 7173 5693  73.03
Forest area - 0.49 0.00 0.00 0.03 0.04
Urban and built-up
land 0.38 1.45 1.46 1.55 0.88 1.03
Water source 4.77 14.37 1413  14.28 7.70 11.85
Other 1.07 1.92 2.26 0.01 4.59 5.19
Total 2141 8991 84.02 8756 70.13 91.15
Chern River
Basin Part 1. Agricultural area 7.72 54.69 3848 9133 67.10 78.84
Forest area 0.00 0.39 0.02 0.24 0.21 0.74
Urban and built-up
land 0.33 1.48 1.01 2.46 1.60 1.97
Water source 4.56 10.34 8.77 11.12 8.47 9.34
Other 1.48 3.14 3.02 0.06 9.92 4.01
105.2

Total 14.09 70.05 51.30 0 87.31 94.91
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Figure 20. Flooded areas from past flood events, classified by type of land use each year (a) Lam
Saphung River Basin, (b) Phrom River Basin, and (c) Chern River Basin Part 1.

From the results reported in Table 6 and Figure 20, it is seen that the size of the flooded areas in
each past year was different. It depended on whether each year experienced a lot of rain resulting in
high flooding or if it was a year with little rain resulting in little flooding but drought. From the
simulation, it was found that the year 2010 was the year with the highest flooding in the Lam Saphung
and Chern River basins Partl with area sizes of 4.15 km2 and 105.20 km?2. In the Phrom River Basin,
2017 was the year with the highest flooding. It has an area of 8§9.91 km? for the year with the least
flooding, which was the year 2019, both the Lam Saphung Basin, Phrom River Basin, and Chern River
Basin Part 1 (an area of 0.55 km?) it was 21.41 km? and 14.09 km?, respectively. In addition, it was
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found that the type of land use that caused the most flooding in each basin was agricultural land use
[55-58].

3.3. Results of Flood Hazard Assessment

Flood hazard assessment employed data from simulations to analyze and assess the level of risk
associated with flooding. This study divided the simulations into two main cases of interest.

3.3.1. Case of Simulating Flood Hazards from Past Land Use Changes

Flood simulation in the context of past land use changes focused on assessing the level of flood
hazard produced by such changes. This assessment not only simulated water flow and areas that may
be affected but it also categorized the various levels of danger that may occur to the countryside,
environment and affecting people by using the 2021 runoff data from the SWAT model and importing
it into the HEC-RAS model.

Total area of the flo

o 2 wm
Legend Hazard vulnerability classificaton ~——— |
- District point [T H1 : Generally safe for vehicles, people and buildings
O— I H2 : Unsafe for small vehicles

[ H3 : Unsafe for vehicles, children and the elderly

[ watershed boundary [ H4 : Unsafe for vehicles and people

[ H5 : Unsafe for vehicles and people. Al building types vulnerable to structural damage|
[ H6 : Unsafe for vehicles and people. All building types considered vulnerable to failure

Figure 21. Extent of flooded areas from past land use changes.

Table 7. Size of flooded areas due to changes in land use in the past, classified by flood hazard level.

River Size of flood area (km?)
Flood Hazard
basin 2019 2017 2015 2010 2008 2006
Lam H1: Safe for vehicles, people
Saphung and buildings. 042 042 042 041 041 040

H2: Not safe for light vehicles. 024 024 024 024 024 024
H3: Unsafe for vehicles,

children and elderly people. 071 071 071 071 071 0.70


https://doi.org/10.20944/preprints202404.1420.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 April 2024 d0i:10.20944/preprints202404.1420.v1

26

River Size of flood area (km?)
Flood Hazard
basin 2019 2017 2015 2010 2008 2006

H4: Not safe for vehicles and

people. 059 059 059 059 058 0.58

HS5: Unsafe for vehicles and

people. Less sturdy buildings

are at risk of collapse. 071 071 071 071 070 0.69

Hé: Unsafe for vehicles and

people. All types of buildings

are at risk of collapse. 048 048 048 048 047 047
Total 316 316 315 314 311 3.09

H1: Safe for vehicles, people 301 296 305 307 311 312

Phrom and buildings. 1 8 7 1 7 2
185 183 179 179 176 174

H2: Not safe for light vehicles. 2 3 3 2 4 5

H3: Unsafe for vehicles, 33.0 326 310 304 295 292
children and elderly people. 1 4 1 6 5 4
H4: Not safe for vehiclesand 104 105 10.0

people. 0 1 7 998 954 935

H5: Unsafe for vehicles and

people. Less sturdy buildings

are at risk of collapse. 788 803 780 771 756 745
Hé6: Unsafe for vehicles and

people. All types of buildings

are at risk of collapse. 1.68 169 166 164 160 1.57
101. 100. 99.0 984 97.0 96.2
Total 60 90 4 2 7 9

Chern H1: Safe for vehicles, people 272 272 272 271 268 26.6

Part 1. and buildings. 7 3 4 4 4 0
144 142 143 141 139 138
H2: Not safe for light vehicles. 3 4 8 1 5 6
H3: Unsafe for vehicles, 282 282 282 273 267 263
children and elderly people. 4 9 7 4 8 3
H4: Not safe for vehicles and 10.1
people. 983 955 977 9 8.83  9.49

H5: Unsafe for vehicles and

people. Less sturdy buildings

are at risk of collapse. 691 711 689 594 6.67 5.67

He6: Unsafe for vehicles and

people. All types of buildings

are at risk of collapse. 210 213 209 208 204 201
88.7 885 886 868 851 839

Total 7 5 5 0 0 6
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As seen by the results shown in Table 6 and Figure 22, it is found that the trend of the size of
flooded areas in each river basin tended to keep increasing from 2006 until 2019. This was a result of
the change in land use from forest area to agricultural area. By considering the level of danger from
flooding, it was found that the Lam Saphung River basin had an area with the highest flood danger
level, at the H5 level; this is unsafe for vehicles and people and less sturdy buildings are at risk of
collapsing. The area was between 0.69 - 0.71 km? in 2006 to 2019 and the danger level was Level H3;
this is unsafe for vehicles, children and elderly people. The area is between 0.70 - 0.71 km2 In the
years 2006 to 2019, the Phrom River Basin, had an area with the highest flood danger level, at level
H3; this is unsafe for vehicles, children, and elderly people. The area was between 29.24 - 33.01 km?
in the years 2006 to 2019 and next level H1: safe for vehicles, people, and buildings, with an area
between 29.26 - 31.17 km? in 2006 to 2019 and the last one is the Chern River Basin Part 1 which has
the area with the highest flood danger level, level H3; this is not safe for vehicles, children, and elderly
people. The area is between 26.66 - 28.29. km? in the years 2006 to 2019 and next level H1; this is safe
for vehicles, people, and buildings, with an area between 26.60 - 27.27 km? in 2006 to 2019.
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Figure 22. Areas flooded each year, classified according to the level of flood danger (a) Lam Saphung
River Basin, (b) Phrom River Basin, and (c) Chern River Basin Part 1.

3.3.2. In the Case of Simulating Past Flood Events, Classifying Flood Danger Levels

Simulation of floods from past events helps to classify and assess the level of danger posed by
past flood events. This analysis not only provides information about water flow characteristics and
affected areas, but it also separates the different levels of danger that exist both at the rural level and
in the environment. Using the amount of runoff each year from the SWAT model and importing it
into the HEC-RAS model by simulating with land use in the past 6 years (2019, 2017, 2015, 2010, 2008
and 2006). The results of the simulation of the flood hazard level map are shown in Figure 23 showing
details of the size of the flooded areas in the past. The level of flood danger in each year can be
classified as shown in Table 8 and Figure 24.
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Figure 23. Area extent of flood hazard levels from past flood events from simulations with the HEC-

RAS model.

Table 8. Area size of flood hazard level from past flood events using HEC-RAS model.

River Size of flood area (km?)

Flood Hazard
basin 2019 2017 2015 2010 2008 2006
Lam

Saph  HI: Safe for vehicles, people and

ung buildings.

007 0.09 034 050 015 031
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River Size of flood area (km?)
basin Flood Hazard 2019 2017 2015 2010 2008 2006

H2: Not safe for light vehicles. 0.05 0.06 022 033 009 020

H3: Unsafe for vehicles, children

and elderly people. 0.07 0.09 059 087 016 049

H4: Not safe for vehicles and

people. 011 0.09 037 079 015 0.30

Hb5: Unsafe for vehicles and people.
Less sturdy buildings are at risk of
collapse. 025 043 052 104 045 052
Hé: Unsafe for vehicles and people.
All types of buildings are at risk of

collapse. - 002 036 064 0.02 0.29
Total 054 0.77 240 415 1.01 210
Phro  HI: Safe for vehicles, people and 300 332 320 264 303
m buildings. 982 9 2 2 5 3
192 150 150 120 191
H2: Not safe for light vehicles. 284 9 5 8 7 3
H3: Unsafe for vehicles, children 240 206 217 176 237
and elderly people. 500 5 9 7 3 4
H4: Not safe for vehicles and
people. 203 870 827 944 736 9.05

H5: Unsafe for vehicles and people.

Less sturdy buildings are at risk of

collapse. 075 6.62 567 779 561 754
Hé: Unsafe for vehicles and people.

All types of buildings are at risk of

collapse. 039 123 112 145 098 144
208 899 84.0 875 70.0 912
Total 4 9 2 5 8 3
Chern HI: Safe for vehicles, people and 234 195 268 263 281
Part1. buildings. 423 7 3 2 2 7
11.3 16.7 134 151
H2: Not safe for light vehicles. 203 9 819 7 6 2
H3: Unsafe for vehicles, children 218 133 345 258 302
and elderly people. 350 4 9 9 6 7
H4: Not safe for vehicles and 14.2 11.1
people. 1.19 709 520 4 9.03 9

Hb5: Unsafe for vehicles and people.
Less sturdy buildings are at risk of 10.0
collapse. 277 437 351 2 543 7.68
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River Size of flood area (km?)

Flood Hazard
basin 2019 2017 2015 2010 2008 2006

H6: Unsafe for vehicles and people.
All types of buildings are at risk of
collapse. 035 158 1.03 266 193 232
140 69.7 508 105. 82.0 94.7
Total 7 5 6 10 3 4
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Figure 24. Flood danger level areas from past flood events in each year (a) Lam Saphung River Basin

(b) Phrom River Basin, and (c)

Chern River Basin Part 1.

From the results in Table 8 and Figure 24, it is seen that the area size of flood danger levels was

different in different years. It wa

s found that there was a flood in each year. Flood danger levels were
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mostly H1, which is safe for vehicles, people, and buildings, and H3: not safe for vehicles, children,
and elderly people, except for the Lam Saphung river basin. The highest level of flood danger is H5,
which is unsafe for vehicles and people and less sturdy buildings are at risk of collapse. The second
level is H3, which is unsafe for vehicles, children, and the elderly. This is because it is a river basin
with a high slope near the beginning of the river. When reaching the middle to lower reaches, the
slope of the river decreases. As a result, the water flows quickly and floods occur from the middle to
the back of the water [59-60].

4. Conclusions

This research represents a pioneering effort to improve flood risk assessment in flash flood-
prone regions by integrating advanced methods. Focusing specifically on the application of the HEC-
RAS model, this study uses two methods to holistically assess flood conditions and flash flood-related
hazards. Central to this effort is the meticulous application of the HEC-RAS model. It is a robust tool
developed by the U.S. Army Corps of Engineers. This research provides an in-depth analysis of
hydraulic dynamics to facilitate estimating flood risk in areas with a history of flash floods. The
reliability of the model was rigorously verified using key statistical indicators including R?, NSE and
PBIAS which confirmed its accuracy in simulating observed flood conditions.

In addition to assessing flood conditions. The research was expanded to assess the extent of the
flooded area and associated hazards. A two-case simulation strategy was adopted. It covered future
scenarios related to land use changes and retrospective analysis of past flood events. This
comprehensive approach not only enhances the reliability of the HEC-RAS model, but also provides
valuable insights for proactive risk management and adaptation strategies.

In summary, the research represents significant progress in estimating risk in flood zones. It
combines the application of the HEC-RAS model with a thorough understanding of historical data.
The results of this study have practical implications for improving emergency response strategies.
land use planning and overall recovery ability in areas at risk of flash floods. The integrated approach
emphasizes the research's ability to providing insights and actionable solutions for communities
facing ongoing challenges posed by flash floods.

However, the HEC-RAS model used in tis study faces inherent limitations of model
simplification and data limitations. This may affect the accuracy of the prediction. The chosen spatial
and temporal scale limits generalizability and the study may not explicitly consider future climate
variability or changes in land management practices. The assumption of stability and potential
uncertainty in model calibration and validation adds complexity to flood risk estimation. Research is
lacking that examines human factors. economic and social aspects and uncertainty in comprehensive
future simulations. Acknowledging these limitations is important for a thorough interpretation of the
study results and emphasizes the need to continually improve flood risk assessment methods.
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