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Abstract

Research on flood hazard and risk mapping has been widely conducted and is crucial for flood disaster
management and mitigation. These studies often involve flood modeling using HEC-RAS, which has been
applied to major rivers in the Special Region of Yogyakarta Province. This modeling analyses the area and
depth of inundation using parameters such as flood hydrographs, Manning’s coefficient, and Digital Elevation
Model (DEM) data. This study aims to compare the discharge simulated by the GAMA | Synthetic Unit
Hydrograph (HSS GAMA 1) model with observed discharges using loggers and to evaluate flood modeling with
HEC-RAS in Sewon District, Bantul Regency. The results of flood modeling predictions using two different
discharge inputs are not too different in terms of discharge and inundation area. Peak discharge values using
HSS Gama | are determined as 29.70 m3/s, 52.11 m?/s, and 64.20 m3/s for 2, 5, and 10-year return periods
respectively, while values obtained using loggers are 26.16 m3/s, 41.53 m?3/s, and 49.56 m3/s. It can be concluded
that discharge data from the HSS GAMA | method can still be considered relevant to be used as an alternative
method if discharge data is not obtained from direct measurements. Geometry data obtained from the results
of aerial photography that is regressed with terrestrial data is also important in this study because it can adjust
the basic data and the latest data into one good geometry data. At least the data produced can represent the
geometry of the modeled river as closely as possible to the conditions in the field and the results of this study
can be a new reference for further research to be able to apply the model and adjust it to the character of each
region, so that flood modeling using HEC-RAS becomes more innovative and adaptable to the modeled area.
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1. Introduction

A watershed is an area that receives, stores, and
channels precipitation from upstream to downstream
through outlets bounded by mountain ridges and
valleys [1]. Watersheds invariably face various
issues, one of which is flooding. Flooding ranks
among the most frequent disasters worldwide,
including in Indonesia, and typically occurs during
the rainy season. Floods can arise from both natural
factors and human activities.

Natural factors contributing to floods include
rainfall, river sedimentation, physiography, and river
capacity [2]. Similarly, [3] explains that floods result
from natural causes or a combination of both natural
and human-induced factors. Flooding occurs when
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water exceeds the capacity of an area to contain or
channel it, resulting in physical, social, and economic
damage [4]. Insufficient water infiltration can also
lead to flooding, especially during heavy and
prolonged rainfall. This is influenced by the
hydrological cycle, where heavy rainfall increases
water levels and river discharge. In addition to
rainfall, soil type, land use, and topography also
affect flooding. One of the three major rivers in the
Special Region of Yogyakarta is The Code River. It
flows through three regencies/cities: Sleman
Regency in the upstream area, and Yogyakarta City
and Bantul Regency downstream. The Code River
extends for a total length of 41 kilometers [5].
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In Bantul Regency, the river tends to narrow, with
natural levees dominated by vegetation, unlike in
Yogyakarta City where the levees are mostly
artificial and the river has been normalized. Flooding
in the Code River’s Sewon District has occurred
frequently since 2010. One significant cause of these
floods is the heavy sedimentation resulting from
volcanic mudflows following the 2010 eruption of
Mount Merapi. Moreover, the land use around the
Code River, primarily residential areas, has reduced
water infiltration, exacerbating the effects of the
hydrological cycle.

Research on flood hazard and risk mapping has
been extensively conducted, particularly in the
context of flood disaster management and mitigation
efforts as done by [6] who modeled flooding in
Jakarta and [7] who conducted the same research in
Surat City. The difference in this research is in the
use of methods to determine river geometry and its
discharge processing. Flood studies are closely
associated with flood modeling using HEC-RAS.
Flood modeling using HEC-RAS has been widely
performed on several major rivers in the Special
Region of Yogyakarta Province. This modeling
produces visualizations of river water overflow,
leading to inundation, which can later be analyzed for
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area and depth distribution over multiple return
periods. This study aims to evaluate the application
of the HEC-RAS model in flood modeling to identify
its strengths and weaknesses and to analyze the
modeling conducted for water resource management
purposes.

2. Study Area
The study area is a segment of the Code River located
in Bangunhargo Village, Sewon Subdistrict, Bantul
Regency. The research covers an area of 70 hectares
or 0.7 square kilometers. This river segment spans
approximately one kilometer, bordered by earthen
embankments with residential areas and rice fields on
both sides. This area has faced recurring flooding in
recent years. In 2010, flooding alongside the eruption
of Mount Merapi, caused sedimentation on the
riverbed. In 2015, floods submerged homes,
particularly in residential areas such as Pandeyan and
Ngoto. Heavy rainfall in 2019 led to the Code River
overflowing, resulting in fatalities. In 2022, floods,
accompanied by heavy rain and strong winds, caused
the collapse of an embankment in Bangunharjo
Village and subsequent flooding. Therefore, this
location was chosen for the study with the study area
boundary depicted in Figure 1.
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Figure 1: Code river segment in Sewon district, Bantul regency, Indonesia
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3. Method

3.1 Data Collection

The research data was categorized into two types:
primary data and secondary data. Primary data was
collected when secondary data was unavailable or
when more detailed information was needed.
Secondary data is used to support data processing and
validate the primary data. For this study, the
availability of secondary data such as rainfall and
discharge data was limited to a 10-year period from
2011 to 2020. Cross-sectional existing data and
station points were specifically focused on the Code
Sub-Watershed. Data collection methods for primary
data involved field measurements, specifically
referencing aerial photography in this study.
Meanwhile, other secondary data types were
gathered by requesting information from relevant
government institutions. Specific data used in this
study was presented in Table 1.

3.2 Rainfall Analysis

Rainfall in the study area was calculated using the
Thiessen polygon method. The data used in this
calculation included maximum daily rainfall across a
span of 10 years. Three station points were utilized to
represent the nearest regions around these rainfall
stations. The area measurement from the results of
the Thiessen polygon method was obtained through
processing station point data in ArcMap software.

3

Frequency analysis was used to estimate design
rainfall/discharge for specific return periods. This
estimation depended on the chosen distribution type,
thus requiring adjustment and selection is determined
by the statistical nature of the data. The distribution
of rainfall/discharge was determined by sorting
statistical parameters from smallest to largest. These
parameters include standard deviation (SD), mean
(X), coefficient of skewness (Cs), coefficient of
kurtosis (Ck), and coefficient of variation (Cv). The
distribution used underwent a goodness-of-fit test,
specifically the Chi-Square and Smirnov-Kolgoroc
tests [8]. Based on the predetermined distribution
type, which in this study was a normal distribution,
design rainfall/discharge calculations can be
performed using Equation 1:

X; =X +K;-SD
Equation 1
Where:
Xt : Design rainfall for return period T years
X :Mean value
SD : Standard deviation
Kr : Frequency factor for return period T years

Additionally, rainfall distribution was performed
using the Tadashi Tanimoto Method, which
distributed rainfall over 8 hours. Effective rainfall
was derived from this distribution calculation using
the phi index.

Table 1: Data requirements, sources, and outputs for each research objective

Objective Data Sources Outputs
Comparing the Rain Gauge Station Serayu Opak River Basin Synthetic discharge
discharge of the Locations Development Agency data from GAMA |
GAMA | Synthetic Maximum Daily Serayu Opak River Basin Synthetic Unit
Unit Hydrograph (HSS  Rainfall Data Development Agency Hydrograph
GAMA ) model with (2011-2020) (HSS GAMA 1)

the discharge measured  Digital Elevation Model

DEMNAS

using loggers (DEM) (www.tanahair.indonesia.go.id)
Watershed Badan Informasi Geospasial
Rupa Bumi Indonesia (BIG)
(RBI)
Watershed Data Processing
Morphometry

AWLR Kaloran Data
(2011-2020)

Serayu Opak River Basin
Development Agency

Logger-measured
discharge data

Evaluating HEC-RAS
flood modeling

Digital Terrain Model
(DTM)

Aerial Photography

Adjusted river
geometry as model

Manning’s Coefficient

Aerial Photography input
Interpretation

Cross-Sectional Data of
Code River

Serayu Opak River Basin
Development Agency
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3.3 Discharge Analysis

The flood hydrograph determination in this study
used synthetic unit hydrograph HSS GAMA I. This
hydrograph was considered suitable for Java Island
[9]. HSS GAMA | was tested in 20 watershed areas
across Java Island, showing promising results [10].
The design-discharge calculation relied on input data
from rainfall distribution and effective rainfall. HSS
GAMA | emphasized three crucial aspects for
visualizing flood hydrographs: rising limb, peak
discharge, and recession. Processing HSS GAMA |
data required several parameters from watershed

morphometry, which were computed using
Equations 2 to 8 as specified in [10].
sFob
24
Equation 2
WF = W,
WL
Equation 3
ST,
SN =
D ST,
Equation 4
RUA= A
Equation 5
24
D=1
A
Equation 6
IN=)ST, -1
Equation 7
SIM =WF - RUA
Equation 8
Where:
A : Watershed area (km?)
D : Drainage density
L : Main river length (km)
S : River slope

SF: Source factor
SN : Source frequency
WF : Width factor
JN : Number of river junction
SIM : Symmetry factor
RUA : Watershed area factor

After completing the watershed morphometric
parameter calculations, the next step involved
calculating peak flood discharge (Qp), peak time (Tp),

4

storage coefficient (K), flood base time (Tg), base
flow (Qg), and recession flow discharge (Q). These
calculations were performed using Equations 9 to 14.
To obtain the Synthetic Unit Hydrograph GAMA 1,
the value of K was incorporated into the exponential
recession curve Equation [10].

3
T, = 0.43[%) +1.0665SIM +1.2775
Equation 9
QP — O'1836A0.58886TR—0.4008JN 0.2381
Equation 10

TB — 27l4132TR0.1457 S —O.OQSGSN 0.7344 RUA0.2574
Equation 11

K = 05617 A0.17988—0.144SSF -1.0897 D0_0452

Equation 12
Q _ O 4715A0,6444 D0,9430
L =0
Equation 13
_(t
Q -Qel¥
Equation 14

Observed discharge data was defined as the flow
discharge derived from the water level recorded by
the AWLR. Each recording station had its calculation
formula. In this study, the observed discharge data
was taken from the calculations and logger recording
at the Kaloran AWLR station. This data was used to
compare and evaluate the design discharge results
from the HSS GAMA I. A frequency analysis was
also conducted on this flow discharge data to
determine the discharge for 2, 5, and 10-year return
periods.

3.4 Geometry Analysis

The Digital Terrain Model (DTM) was generated
from aerial photographs taken using an UAV
(Unmanned Aerial Vehicle). In addition to using the
DTM, this study also utilized existing cross-sectional
geometry data of the river obtained from terrestrial
surveys for comparison and correction reference.
This was necessary because the geometry data was a
crucial input for the HEC-RAS modeling. These two
datasets were compared to observe the differences.
Aerial photographs were processed with PI1X4D
software to produce the DTM. The existing cross-
sectional data was used as points that contain
elevation values. A correlation test was performed
after the DTM data values and the existing cross-
sections were normally distributed.
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Normality was tested using the Kolmogorov-
Smirnov method because the dataset contained more
than 50 data samples. After the correlation test,
subsequent analyses including regression tests, F-
tests, and t-tests, were performed. The formulas used
were as follows:

Y=aX+b
Equation 15
Where:
Y : Criterion variable
X: Predictor variable
a : Predictor coefficient
b : Constant/intercept

3.5 HEC-RAS Modeling

The HEC-RAS model was used for hydraulic
analysis and was typically utilized for flood
inundation mapping. This model was part of the
HEC-RAS software. HEC-RAS was developed by
the USACE as an application for managing and
controlling rivers, channels, ports, and other public
works projects. The HEC-RAS software provided
simulations for one-dimensional steady flow and
two-dimensional unsteady flow, sediment transport,
bed calculations, and water temperature/quality
modeling [11] [12] and [13]. This modeling was
often used for floodplain management and flood
safety studies to evaluate flood path distribution [14].
River flow was a process governed by mass
conservation and  momentum  conservation
principles. The dynamics and changes in water level
and discharge were functions of space and time
described by an equation known as the Saint-Venant
equation [15]. The Saint-Venant equation consisted
of two equations: Equation 16, the continuity
equation (mass conservation), and Equation 17, the
momentum equation (momentum conservation),
which were shown below.

Continuity equation:

Momentum equation:

@+@+QA(@+SJ:O
ot oX oX

Equation 17

Where:
A : Total cross-sectional area of flow (number of
the cross-sectional areas of the main
channel and overbank channel) (m?),
Q : Flow discharge (m3/s),
g: : Lateral flow per unit length (m?/s),

: Flow velocity (m/s),

: Acceleration due to gravity (m/s?),

: Distance, along the flow direction (m),
: Water surface elevation (m),

: Time (s),

: Energy gradient slope (friction slope),
: Manning’s roughness coefficient,

: Hydraulic radius (m).

TSN XxXQI

3.6 Study Workflow

The peak discharge in this study used two different
data, namely the discharge recorded by the logger at
the AWLR station and the discharge from HSS
GAMA |. Both discharge data were calculated as
peak discharge during a specified return period. The
results of the two data were used as a comparison and
also to evaluate how relevant the results of both were.
Furthermore, it was entered into the modeling. The
geometric data in this study was DTM data processed
from aerial photography with a spatial resolution of
10 cm. The findings of DTM processing were
corrected with existing cross-section data. Both data
were corrected to obtain the formula used to improve
the adjusted DTM data. These results became input
data in the modeling. If the modeling has been carried
out, a comparison would be made between the two
discharges and the results of the flood model from
HEC-RAS would be mapped. Study Workflow could
be presented in the Figure 2.

4. Result and Discussion

4.1 Rainfall Analysis

The Sub-Watershed Code's catchment area provided
the discharge data needed for flood modeling. The
total area of the Sub-Watershed Code was 67.247
km? and included river flow outlets downstream.
Rainfall data was crucial for hydrological analysis.
This study utilized maximum daily rainfall data from
regular rainfall records from three stations:
Prumpung, Kemput, and Gemawang. The rainfall
data used covered a 10-year period from 2011 to
2020. The stations were presented in Figure 3. The
characteristic of the Sub-Watershed Code was its
narrow and elongated shape, resembling a bird’s
feather [16]. This shape contributed to uneven
rainfall distribution due to the limited number of
rainfall stations located at only a few points.
Therefore, area/regional rainfall calculations were
necessary to standardize rainfall across the sub-
Watershed Code. The Thiessen Polygon method was
employed to estimate precipitation depth. This
method assumed that each rainfall station had a linear
rainfall variation, and each station point was
considered represent its nearest area [17]. The
findings were exhibited in Table 2 and Figure 4.
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Hydrology Analysis
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Hydraulic Analysis

Peak Flow Rate for a
Specitic Return Period

Aerial Photography
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Creation of Digital
Terrain Model (DTM)

DTM Result
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HEC-RAS Modeling

!

Identification of Flow Rate Comparison
from Logger Results with Flow Rate from
HSS GAMA I Results

b

Flood Inundation

Mapping

Figure 2: Flood inundation mapping workflow
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Figure 4: Rainfall depth from 2011 to 2020

Table 2: Rainfall depth
Rainfall Depth

Year

(mm)
2011 31.89
2012 68.38
2013 61.41
2014 68.47
2015 112.70
2016 94.75
2017 82.62
2018 88.45
2019 49.03
2020 84.28

Table 3: Rainfall return period

Return Period Rainfall
(Years) (mm)

2 74.20

5 93.90

10 104.20

The calculated rainfall depth underwent further
analysis to determine design rainfall for specific
return periods. Frequency analysis in this study
employed a normal distribution, chosen for its
suitability. The return periods considered in this
frequency analysis were 2,5, and 10 years. The
results of these return period calculations were
presented in Table 3. The results of the rainfall return
period in the frequency analysis represented the total
rainfall amount that occurred in a single day.
Therefore, it was necessary to calculate the
distribution of hourly rainfall. Rainfall distribution
could be depicted as variations in rainfall depth over
the duration of the rain in the form of a hyetograph.
The rainfall distribution used in this study was based
on Tadashi Tanimoto Method, who suggested that

this method of hourly rainfall distribution could be
applied to Java Island. The calculation results of the
rainfall distribution pattern by Tadashi Tanimoto
Method indicated an increase in rainfall distribution
with longer return periods. This related to the
occurrence of extreme rainfall events, which
increased in intensity as the return period lengthens.
The increased values of rainfall distribution occurred
with the same probability level as their return
periods. This happened because the probability
values at each distribution point still followed the
distributed design rainfall. The results of this rainfall
distribution pattern were presented in Figure 5.

4.2 Discharge Analysis

Flood discharge could be determined using various
methods depending on the data availability and the
specific needs. This study utilized two different
discharge results: the Synthetic Unit Hydrograph
GAMA | (HSS GAMA 1) and discharge data
obtained from the AWLR station of Serayu Opak
River Basin Development Agency. These datasets
would be compared across return periods of 2, 5, and
10 years. The discharge data from the AWLR station
will be served as observational data to evaluate the
discharge results from the HSS GAMA | method.
The Synthetic Unit Hydrograph GAMA | (HSS
GAMA 1) was used to obtain unit hydrograph results.
In this study, the flood hydrograph was derived by
multiplying the unit hydrograph from GAMA | with
the rainfall distribution values within the Sub-DAS
Code. Based on the calculated component values, the
peak discharge (QP) was relatively small. Although
the resulting peak discharge is not very high, it still
impacted the magnitude of the peak discharge for
each return period. The peak discharge for return
periods was calculated using HSS GAMA | and the
logger data was presented in Table 4.
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Table 4: Discharge return period

Return Period

Discharge (m?/s)

(Years)

2
5
10

Logger HSS GAMA I
26.16 29.70
41.53 52.11
49.56 64.20

Q Design (m

Unit Discharge

Q2 05

Unit Dischar

Figure 6: HSS GAMA | hydfégraph and design flood

The findings demonstrated that the maximum
discharge escalated in direct relation to the duration
of the return period. The longer the return period, the
greater the peak discharge. The calculation of peak
discharge for these return periods assumed that the
conditions during the return period were the same as
current conditions. The peak discharges for the three
return periods differed significantly, especially
between the 2-year and 5-year compared to the 5-year
and 10-year periods. This was due to the considerable
difference in probability between the return periods
of 2 years and 5 years, which significantly affected
the resulting peak discharge. The design rainfall
notably affected the resulting design flood.

Furthermore, the narrow and elongated shape of the
sub-watershed caused the hydrograph to reach its
peak faster, as rainfall was not well retained and was
quickly channelled away. The HSS GAMA |
hydrograph and the design flood were presented in
Figure 6. The discharges obtained from the model
(HSS GAMA-I) are higher than the actual data, and
the difference between the model and the logger
tends to increase with the length of the return period.
This discrepancy should be a primary concern when
using the software to model discharge for long return
periods. Consequently, fine-tuning of the input
parameters is strongly recommended before
conducting discharge modeling using HSS GAMA-I
model.
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4.3 Geometry Analysis

Digital Terrain Model (DTM) data was used as a
primary input for HEC-RAS modeling to create river
geometry. The available data, in this case, was a
DEM sourced from DEMNAS
(www.tanahair.indonesia.go.id) at a scale of
1:25,000, which was considered insufficiently
detailed for forming accurate river geometry. In this
study, DTM data was obtained from aerial
photography taken using an UAV in the Code River
segment located in Bangunharjo Village, Sewon
District, Bantul Regency. The aerial photography
was processed into DTM using P1X4D software. This
process included filtering to determine ground
surface elevation points, sorting, and removing
irrelevant objects, which were then interpolated with
surrounding elevation data [18] and [19]. Correlation
and regression tests were employed to adjust DTM
data derived from aerial photography with terrestrial
survey data from Serayu Opak River Basin
Development Agency. The adjustment began with
overlaying cross-section and long-section data from
the terrestrial survey onto the DTM from aerial
photography. This process involved extracting
elevation data from the aerial photography-based
DTM adjusted to match the cross-section points from
terrestrial survey data.

There were 177 cross-section points from the
terrestrial survey data. Before proceeding with
correlation and regression tests, a normality test was
conducted. The DTM data was referred to as the
model, while the terrestrial data was referred to as the
field data and were subject to normality testing to
determine if their distributions could be considered
normal [20]. The results indicated that both datasets
were normally distributed. This was because the
calculated value which was the maximum value of
the absolute difference between the cumulative
distribution of empirical data and the cumulative
distribution of theoretical distribution was greater
than the table value. Likewise, it was conveyed by
[21] that the findings from the normality test analysis
obtained from the Kolmogorov-Smirnov test
produced a calculated value (p-value) that was
greater than 0.05 so that it could be concluded that
the data was normally distributed.

The normality test results for the model and field data
were presented in Table 5.

Table 5: Normality test results

Data p-Value
Model 0.118
Field 0.163

The data was normally distributed according to the
findings of the normality test, allowing for the
correlation test to be performed on both datasets.
According to Table 6, the correlation test results
between the model data and the field data showed a
value of 0.507.

Table 6: Correlation test results

Data Model Field
Model 1.000
Field 0.507 1.000

This value was higher than the critical r-value of
0.148 at a 0.05 significance level, indicating that the
two datasets were correlated and further analysis
could be conducted. According to [22], the analysis
could proceed if the r-value was greater than the
critical r-value. The subsequent step involved
conducting a regression analysis. Regression in this
study was used to show the relationship between the
independent variable (model data) and the dependent
variable (field data). This approach allowed for the
examination of changes in the dependent variable
based on the independent variable. The results of the
regression analysis were presented in Figure 7 and
Tables 7-9.

Table 7: Regression model summary

Regression Statistics

Multiple R 0.744
R Squared 0.553
Adjusted R Squared 0.550
Standard Error 0.617
Observations 177

Table 8: ANOVA

df SS MS F Significance F
Regression 1 82.913 82913 217.584 0.00
Residual 176  67.067 0.381
Total 177  149.980
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Table 9: Regression results

Coefficients Starlwzdra;;(: t Stat P-value L%‘g&: Uggg/(r) Igg.v(;lg/z 55?85/2
Intercept 29.700 2.578 11.522 0.00 24.613 34.787 24.613 34.787
Model 0.399 0.027 14.751 0.00 0.345 0.452 0.345 0.452
100 688
.,;W 68.6
674
(a) (b)

Figure 8: (a) Before adjustment (b) After adjustment

Based on the figures and tables above, the results
shown in the ANOVA table indicated that the
significance level (F-significance) was less than 0.05,
demonstrating that the independent variable
significantly affected the dependent variable. In this
study, the calculated t-value and the critical t-value
were compared using the partial test (T). The critical
t-value, with a degree of freedom of df=1 (177-
1=176), was 1.973. It was evident that the
independent variable significantly affected the
dependent variable when compared to the t-value of
14.751. The R2 value was 55.28%, meaning that the
dependent variable (field data) could be explained by
the independent variable (model data), with the
remaining variance influenced by other factors
outside the model data. This was in accordance with
the statement [23] A value close to 1 showed that the
independent variable provided almost all the
information needed to predict the dependent variable,
while a value near 0 indicated that the independent
variable had very limited predictive power. The
adjusted R-Square value ranged from 0 to 1, where a
value near 1 suggested that the independent variable
offered nearly all the information to predict the
dependent variable, and a value close to 0 showed its
predictive capability was minimal. According to [22],
the correlation in this study was classified as
moderate. A moderate correlation between field data
and model data indicated a fairly good relationship,
but not a very strong one. In this context, although
the model data showed similar trends or patterns to
the field data, the model’s predictions were not
always completely accurate or consistent with real
conditions.

Because limitations of existing data, Models were
often  built with certain assumptions or
simplifications that did not always reflect the
variability of real conditions.

The linear regression equation was derived by
incorporating the coefficient (a) and constant (b)
values into the regression equation obtained from the
analysis. The subsequent step involved incorporating
the regression equation into geographic information
systems programs to perform geometry calculations
(calculate-geometry). This process utilized aerial
DTM data as input for the regression equation. While
this processing typically did not lead to substantial
changes, the adjusted outcomes better aligned better
with field conditions. This adjustment aimed to
enhance the flood model, particularly its river
geometry component, improving overall accuracy
and relevance. Thus, these outcomes could better
depict a model suitable for disaster mitigation and
watershed management reference. The adjusted
outcomes are presented in Figure 8.

4.4 HEC-RAS Modeling

The flood modeling results using HEC-RAS included
flood inundation distribution and depth. Higher
return periods corresponded to increased discharge,
influencing both flood depth and the area of
inundation modeled. The flood modeling for a 2-year
return period using HSS GAMA | and logger data
showed relatively similar outcomes. Specifically,
HSS GAMA | predicted a discharge of 29.70 m3/s
while the logger data indicated 26.16 m3/s. The
modeled depth also differed only by a few
centimeters.
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These results were deemed acceptable as the
synthetic discharge closely matched the measured
discharge for the 2-year return period. During such
periods, floods that led to overflow were rare, often
resulting in water merely reaching the riverbanks,
which were low-lying vacant areas below natural
levees.

Period Return periods of 5 and 10 years showed a
significant increase in discharge results, followed by
deeper flood depths and broader flood distribution.
The discharge estimated by HSS GAMA | for the 5-
year return period closely matched and slightly
exceeded the logger data. Specifically, the 5-year
return period discharge from HSS GAMA | was
52.11 m3/s, while the 5 and 10-year return period
discharges from the logger were 41.53 m3/s and 49.56
m3/s, respectively. The modeling results for the 10-
year return period using HSS GAMA | showed a
discharge of 64.20 m?3s, indicating a significant
difference from the logger’s discharge. Despite the
close alignment between HSS GAMA | and the
logger results for the 5-year return period, HSS
GAMA | still indicated a higher discharge for the 10-
year return period. These findings suggested that
there was no significant difference in discharge

2-Years Return Period
430960

Logger

430960

(HSS GAMA 1)

e

Gama | Synthetic Unit Hydrograph

431390
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between the 2-year and 5-year return periods, and the
inundation patterns during these periods exhibited
substantial similarities. However, there was a
noticeable variation in discharge results during the
10-year return period. The difference was also due to
the limited length of the data series used as input,
which could have influenced the results. When
estimating the return period, the length of the data
series was highly influential, and in this study, the
limited data series likely had some impact on the 10-
year return period results. The patterns of flood
inundation distribution remained consistent, as the
difference in elevation between natural levees and the
river water level ranged from 2 to 2.5 meters.
Detailed flood modeling results for the 5-year and 10-
year return periods were presented in Table 10, and
flood inundation distribution could be observed in
Figure 9.

Table 10: Flooded area

Inundated area (km?)

DRIE 2years 5Syears 10 years
Logger 0.033 0.080 0.097
HSS GAMA | 0.038 0.100 0.142

5-Years Return Period

10-Years Return Period
430960 431390

431390

9133350

\
Legend )
10-Years Return Period
0P (M) e

9133000

Low  0,00099945

9132650

430960 431390
430960

-

431390

Figure 9: Comparison of flood inundation distribution

International Journal of Geoinformatics, Vol. 21, No. 2, February, 2025
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



The flood characteristics generated from the
modeling in this study were not much different from
the research conducted by [24] in their case study on
flood analysis in the Tigris River. The characteristics
of the Tigris Riverbank were similar to those of the
Code River, except for differences in depth and river
cross-sectional width. Rivers with natural levees,
where land use on the banks included settlements and
rice fields, had a high risk of flooding. Especially in
rivers with dominant meanders, where these bends
were almost certain to be affected by flooding. This
was also supported by the study conducted by [25],
who previously modeled the Baeksan flood event in
Korea. In their study, the river section they modeled
had meanders, and the results showed that the bends
in the meanders were the most affected by flooding.
Similarly, the segment of the Code River, which was
the focus of the modeling in this study, showed that
the upper and middle parts with bends had
significantly higher modeling results compared to
other points.

5. Conclusion

The results of flood modeling predictions using two
different discharge inputs are not too different in
terms of discharge and inundation area. It can be
concluded that discharge data from the HSS GAMA
I method can still be considered relevant to be used
as an alternative method if discharge data is not
obtained from direct measurements. If you want to
predict a longer return period, a longer data series is
needed. Geometry data obtained from the results of
aerial photography that is regressed with terrestrial
data is also important in this study because it can
adjust the basic data and the latest data into one good
geometry data. It is clear that the difference in
geometry data before and after the adjustment is
made that although the geometry data in this study
can also be said to be imperfect, at least the data
produced can represent the geometry of the modeled
river as closely as possible to the conditions in the
field. The findings of this study may serve as a fresh
point of reference for future investigations aimed at
applying the model and adjust it to the character of
each region, so that flood modeling using HEC-RAS
becomes more innovative and adaptable to the
modeled area. Although HEC-RAS modeling has
long been known and used in various modeling
needs, the existence of different methods that are
adjusted to the modeled area and provide several
innovations and new findings will be something new
that can be used as spatial information that can be
used as a guideline for compiling regulations or
policies related to flood disasters. Trial and error in a
study is also needed to get maximum results and can
be useful for the government and society in general.
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