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Abstract

The process of identifying the peak discharge using the rational method was introduced in the 1880s. This method is a
simple procedure for determining the peak discharge derived from surface runoff flow. Therefore, this research modified
a simple hydrological formulation (rational method) based on fieldwork and compared a numerical rainfall model to the
relationship model by using the simulation parameters, namely rainfall, infiltration, land use, and stream for hydrological
conditions. The novelty of this research is a modification of the theoretical formula (rational method) through the use of
fieldwork factors to modify the run-off coefficient. The first scene-up was overlay mapping between land and land use
shape files, while the scene-up sampling point was upstream and downstream. This was continued with the estimation
curve number until a specific composite curve number was initiated. The rate of infiltration was determined using the
Horton method to distinguish the soil type, while the Water Stage Data Logger Starter Kit 13" HOBO KIT-S-U20-04 was
used to measure the water level, HEC HMS, and rating curve analysis. The relationships between the fieldwork data using
hydrology analysis and modeling were then compared. The results showed that the maximum rainfall calculated and
analyzed from the box-and-whisker plot was 140 mm in the year 2019. In addition, the infiltration rate at the upstream and
downstream areas was 90 mm/hour and 26.4 mm/hour, or 30% out of the upstream area value. Finally, the estimations of
the runoff coefficient were 0.60, 0.45, and 0.0133, while the discharges for the maximum rainfall intensity were observed
at 405.7 m¥/s, 304.3 m®/s, and 25 m%/s. The simulation using Hydrological Modelling HEC HMS 4.11 computed results of
0.1 m¥/s and observed flow of 0.3 m%/s.
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1. Introduction

Excessive rainfall is the primary cause of flooding, as it results in runoff that cannot be absorbed into the soil surface
or ground [1]. The following factors, including soil texture, moisture levels, compaction, land cover (including
vegetation), and rainfall intensity, are known to influence both runoff and its associated coefficient [2]. Previous research
stated that the value of the runoff coefficient depends on soil characteristics, land use, and topography [3]. In addition,
numerical methods used for simulating rain flow often rely on rainfall, infiltration, land use, and flow parameter data to
establish rainfall-runoff relationship models [4]. The rational method, influenced by factors such as rainfall intensity,
infiltration rate, and the characteristics of ungauged catchments, plays a significant role in determining runoff flow [5].
However, both the rational and NRCS methods have the capacity to estimate the depth of surface runoff in each micro
sub-basin [6].
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The NRCS-CN method is an empirical model designed to estimate the Q peak flow in ungauged catchments [7].
Impervious regions within a catchment area can also affect the determination of runoff discharge [8]. The rational
method defines the ratio between inflow and outflow during a specific rain duration compared to the watershed time
concentration (Tc) [9]. The characteristics of a catchment area are closely associated with the runoff volume it
experiences [10]. Simplified rational methods are capable of calculating peak flow in watersheds [11]. Peak flow is
influenced by various factors, including the spatial distribution of temporal rainfall intensity, time of concentration (Tc),
and the curve number (CN), all of which contribute to catchment characteristics [12]. The time of concentration signifies
the point at which water reaches the catchment outlet [13]. The modified rational method, as derived from NRCS models,
can be used to estimate surface runoff depth in any sub-catchment [14]. The runoff coefficient (C) is the principle
parameter in this method, and there exist various ways it could be estimated [15].

Hydrological models require the adjustment of parameter values to match specific watershed characteristics, a process
achieved through the calibration and validation of observed river flows. Predicting river flow in ungauged catchment
areas, where discharge data is lacking, poses a significant challenge in hydrology [16]. Sensitivity analysis (SA) plays
a significant role in hydrological modeling, as it identifies parameters that exert a substantial influence on the model and
those that have minimal impact. It offers valuable insights into the complex relationships among various model processes
within the system [17]. The validity of the curve number model was established by ensuring the field observations made
were in line with the functional forms of rainfall-runoff relationships [18]. This research examined an optimization
scenario comprising two parameters with distinct variations [19]. The proposed hypothesis states that while the
fundamental principles of hydrology are conceptually simple, their practical application demands a nuanced
understanding, given the complexity of fitting theoretical hydrological formulas to real-life conditions [20]. The key
parameters include precipitation, infiltration rate, soil type, land use and land cover, curve number, initial abstraction,
and maximum storage capacity. The expected contribution of this research lies in its applicability in smaller catchment
areas with incomplete data. It also aims to facilitate the application of rational methods, allowing for the estimation of
C numbers within defined coefficient ranges. These estimates can then be used in ungauged catchments characterized
by typical rainfall patterns as well as land use and land cover. This choice was driven by the fact that the basin area
under investigation, approximately 91.526 km?, falls below the standard 100 km?2 required for applying other methods
such as Weduwen or Hasper.

2. Method

In this research, the modified rational method was adopted to determine peak flow and calculate the runoff coefficient.
This approach involved the integration of various techniques and tools, including observations, sampling, GIS mapping,
sub-basin delineation, and the analysis of land use, soil type, and topography. Several significant parameters were
utilized, including infiltration rate, curve number, Hydrologic Soil Group (HSG) classification for soil type, maximum
storage capacity, initial abstraction, and time lag for modeling. The research process began with a GIS mapping overlay,
followed by fieldwork conducted in the Lanang River catchment area. During this fieldwork, daily rainfall
measurements were collected with the Wireless Weather Station Professional MISOL Wind Rain Humidity Gauge,
using an automatic water level recorder and a double-ring infiltrometer. The flowchart in Figure 1 illustrates the various
stages of research implementation, ultimately leading to the final scenario aimed at achieving the expected results.

land cover

i Field work
| (water level, infiltration, daily rainfall measurement)
Estimation of infiltration rate using Horton Method |
Y
Hydrologycal soil group ‘
Y
Estimation CN and composite CN |

h 4

Rational Method Analytic calculation |
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Figure 1. Study workflow
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A series of measurements was conducted to determine the infiltration rate, with a double-ring infiltrometer employed
to observe and record how water infiltrated the soil surface. Subsequently, the Horton equation was used to analyze the
collected data. To monitor water levels in the Lanang River catchment area, automatic loggers were used. These loggers
recorded water levels at hourly intervals from April 27 to October 10, 2022. Throughout this period, a dataset of 1526
water level measurements were accumulated, from April 27th to June 27th, 2022, and these were paired for simulations
in HEC HMS 4.10. For collecting water level data, the HOBO KIT-S-U20-04 Water Level Data Logger Starter Kit (13")
was used. These automatic water level loggers accurately combined the water level measurements with pressure data,
as shown in Figures 2 and 3.

Y BN

Figure 3. Water level data logger starter kit 13" HOBO KIT-S-U20-04 Installation and Steel Pipe as a vessel of the HOBO KIT

In the time series modeling scenario, fieldwork data comprising various aspects, including parameters and factors
contributing to runoff generation, were systematically compared. The primary goal of this process was to transform
these data points into models predicting peak flow and direct runoff within a specific catchment area. HEC HMS 4.10
offered two primary options for this transformation process, namely the empirical and conceptual/kinematic wave
models, grounded in system theory and designed for overland flow, respectively. Within the HEC-1 model, an
interconnected system of hydrological and hydraulic components designed to suit the basin was created, allowing for
the simulation of surface runoff in rivers and watersheds. In addition, this comprehensive model considered rainfall data
as well. Each component of the model relied on specific parameters with unique characteristics, and mathematical
relationships were established to describe the physical processes.

The outcome of the modeling process was the generation of computational streamflow hydrographs that closely
matched the observed conditions in the desired river basin location. To facilitate simulation modeling, HEC-1 divided
the basin into sub-basins and reaches. This approach, known as the lumped-parameter model (ENVI 512, February
2003), necessitates the use of average values that represent the entire area or length of the stream for mathematical
coefficients applied in hydrological and hydraulic computations. Throughout the process, HEC-HMS 4.10 served as a
guide through the stages of calibration and simulation, comprising distribution and constant models, as well as interfaces
with GIS data, including sub-basin and reaches shape files, to enhance the accuracy and relevance of the modeling
efforts to the real-life river basin. This program also provided a comprehensive toolkit for simulating various
hydrological processes within a watershed. These simulations comprise the determination of surface runoff and flood
delineation, both under existing conditions and in managed states, as well as baseflow calculations, water control
structure evaluation, and precipitation modeling. Surface runoff is primarily influenced by two sets of factors, namely
meteorological elements and the physical properties of the drainage area.

Meteorological elements include crucial variables like precipitation, rainfall intensity, duration, and the spatial
distribution of rainfall across the drainage area. However, the physical properties of the drainage area, including land
use, soil type, and topographical conditions, also exert a significant impact on surface runoff. These elements of physical
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property can be divided into static and dynamic aspects, and these tend to evolve over time. HEC-HMS 4.10 comprises
several distinct models, each designed to suit specific hydrological processes with varying input requirements. A
common thread across these models is the reliance on time series data, particularly that of hourly rainfall. During the
course of the research, the Whisker Box Plot method was used to analyze the maximum rainfall intensity. This approach
provides a visually informative representation through bar charts and histograms, allowing for a detailed assessment of
data series, including outliers and clustered data points. It simplifies the description of continuous variable distributions
by presenting significant statistics such as quartiles, medians, and outliers, including the mean and standard deviation
[21]. The quartiles and data distribution used in the rainfall analysis are shown in Figure 4 [22].

Lower Upper
50% of data 50% of data
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Outlier \ | [ [ ;/
¥ —— —
: | [ |
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of Ehin of data of data
Figure 4. Whisker and Box Plot Quartile

Visualizing data using Whisker Box and Plot graphics is a valuable approach for estimating quartiles, medians, and
extreme or maximum values [23]. These graphical representations, also known as box plots or box-and-whisker plots,
offer insights into various aspects of the data, including central tendencies, distribution characteristics, symmetry
extensions, and the identification of outliers [24]. Both box plots and histograms are effective tools for categorizing data
and detecting potential outliers, thereby enhancing the analysis process [25]. This method efficiently provides five
significant summary statistics for Box-Whisker plots, comprising medians and two quartiles [26].

The second phase of field observations, conducted from May 9 to July 3, 2022, is shown in Figure 5. During this
phase, a total of 1295 water level data points were collected, along with an absolute initial pressure of 99.6. To enhance
data accuracy, this information was processed using HOBOware Pro software, ensuring the conversion of water level
readings. The results of water level sampling, obtained over approximately five months, are presented in Figure 5.

Max of Water Level S/N: 21312245(meter) and Max of Water Level {meter] S/N: 21312264

May 2022 Jun 2022 Jul 2022 Aug 2022 Sep 2022
Date

Figure 5. Water level measurement results from water level sampling in May 2022 until September 2022
Field observations were conducted at the Ngadirejo (downstream) sampling location, and then a temporary water

level graph was plotted starting from May 9 to July 3, 2022. During this period, a total of 1295 water level measurements
were collected, while the absolute initial pressure recorded was 99.85 kPa in Ngadirejo (downstream). To capture these
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measurements accurately, the HOBO KIT-S-U20-04 Water Level Data Logger Starter Kit (13") was used. This Kit is
known for its high-precision water level measurement capabilities, being easily portable, and being cost-effective. It is
particularly well-suited for monitoring water levels and temperatures in diverse settings, including wells, rivers, lakes,
and freshwater wetlands.

The kit consists of a U20-001-04 HOBO data logger with a 13-foot range, a BASE-U-4 base station, and five
interchangeable couplers, complemented by the BHW-PRO HOBOware Pro software. The HOBO Water Level Data
Loggers, with a 13-foot range, offer incomparable value and accessibility without complicated vents. During the
fieldwork conducted from May 9 to July 2, 2022, a total of 1278 water level measurements were recorded, with an
absolute initial pressure reading of 97.453 kPa. To ensure data precision, this information was processed using the
HOBOware Pro software, which facilitated the conversion of data into accurate water level readings. These
measurements were crucial for the assessment of water stage and flow discharge.

In an ungauged catchment, the SCS method associates the unit hydrograph lag time with the time concentration (t.)
hence:

Tag = 0.6 t, (1)
tc = tsheet+ tshallow + tchannel (2)

Using Manning equation, the stream velocity can be estimated as follows:

v = %Rz/ssl/z ©)
2
1 /A 3.1
v=1(5) s @
2
1 31,392 m?\ /3 1
v=—. (21,4925m) (0.025)"2 = 8.142 m/s

To calculate the 't' channel, use the following equation, where ‘L' represents the river length, and 'V' represents the
stream velocity.

t channel = % 5)

The definition of Peak Discharge (Q) is simply calculated by dividing the direct runoff by the total runoff volume,
where P is the cumulative precipitation for an event in mm units, CN is the curve number, S is the potential maximum
retention in mm, is the initial proportional abstraction in mm, and A is the initial abstraction coefficient (dimensionless)
[27]. The general form of the rational formula used in this research is obtained by Equation 6 [27].

Q =0.2778.C.1.A (6)

Therefore, Q, C, I, and A is peak flow or discharge, runoff coefficient, maximum rainfall intensity, and the catchment
area, respectively.

The studied basin covers an area of 91.526 km?, with a river length and width of 40.37 km and 2.285 km, respectively.
It exhibited a time concentration in the channel lasting 4948.24 seconds, along with a 24-minute time lag. In the HEC
HMS 4.10 Model, the initial step constituted the establishment of basin models, which include sub-basins. Subsequent
to sub-basin delineation, the initial parameters are defined, and these comprise the loss method, direct runoff, canopy,
surface, and baseflow. For predicting runoff, the SCS-CN method, which relies on three critical parameters, namely
Initial Abstraction (1), Curve Number (CN), and an impervious area ranging from 0 to 2%, was used.

To determine direct runoff, an SCS Unit Hydrograph is used, incorporating parameters like lag time and concentration
time. These calculations are based on stream velocity data, determined through the Manning equation. In the context of
runoff modeling, various components and parameters play a critical role, directly impacting the modeling process as
they are compared with model simulations. The primary focus of runoff modeling is to simulate the transformation of
rainfall into discharge, with specific attention given to calculating peak flow and direct runoff within the watershed.
Table 1 presents data related to the parameters of the basin models used in HEC HMS.

Table 1. Parameters Data Basin Models in HEC HMS

Scenarios Basin models Scenarios

Loss method SCS-CN Loss method

Transform SCS Unit Hydrograph Transform
Routing Lag Routing

157



Journal of Human, Earth, and Future Vol. 4, No. 2, June, 2023

The function of the data control specifications is to organize the operational period and effectively manage the
duration of runoff rainfall modeling. Within this simulation, a Specified Hyetograph was used as the selected
precipitation model. This simulation relies on a rating curve, with primary parameters including the excess rainfall area,
daily precipitation excluding baseflow, and peak discharge.

2.1. Research Area

The observation and fieldwork approach comprised a two-point sampling method. This choice was made due to the
Brantas River's distinct characteristics, characterized by a variety of natural channels that result in consistently elevated
water discharge levels throughout the year. The specific selection of this area is based on its classification as an ungauged
catchment, which underscores its significance in terms of conservation. The Lanang River Basin, located within this
catchment, covers an area of 91.526 km?, with a length and width of 40.37 km and 2.285 km, respectively. A more
detailed overview of its characteristics is shown in Table 2.

Table 2. Physical Catchment Area of Study located

Typical Symbol Unit
Drainage Area A km? 91.526
Length L Km 40.083
Slope S Routing  0.002

The research area is located in the Lanang River catchment, which is part of the Brantas River in Kediri, East Java,
Indonesia, as shown in Figure 6.

ity

=~ Main River
| Catchment

Figure 6. The Catchment Area of Study is located in Lanang River, Kediri, East Java Indonesia

3. Results and Discussion
3.1. Analysis Whisker and Box Plot

In this research, the Whisker Box method was employed, which was selected because it effectively illustrates varying
data quantities with detailed bar charts and histograms, which provide a clear visual representation. This method not
only enables the identification of outliers and the visualization of clustered data points but also simplifies the expression
of data distribution for continuous variables. It offers insights into quartiles, medians, and outliers, as well as mean and
standard deviation [18]. Figure 7 is a graphical representation of the highest rainfall obtained in 2019 using the whisker
box plot, where the maximum rainfall occurred in 2021 at a depth of 140 mm.
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Figure 7. Maximum Rainfall Intensity in Whisker and Box Plot

3.2. Rating Curve Analysis

In hydrology, a rating curve is a fundamental tool that presents the relationship between discharge and water level at
a specific point along a watercourse. These curves are typically constructed at measuring stations positioned across the
flow channel and are created using data from two automatic water level recorders (AWLL). According to Kennedy
(1984), the rating curve graphically shows discharge on the x-axis and water level (stage) on the y-axis. The main
purpose of employing automatic water level loggers within the river channel is to obtain water level measurements,
which are vital for determining runoff flow and, ultimately, finding peak flow within the Lanang watershed. The rating
curve essentially serves as an expression of the connection between water level and discharge at a particular location
along the river cross-section [28]. It involves the analysis of discharge measurements in correlation with the elevation
of the water table, resulting in the derivation of a regression curve that describes the relationship between discharge and
water table elevation. This rating curve analysis extends to the downstream limit condition, including a comprehensive
assessment of the discharge measurement results in conjunction with water table elevation.

2.00 1

1.80 - O Rating Curve Ngadirejo

160 4 | e Linear (Rating Curve Ngadirejo) o)

140 J Q.._,.....

1.20 - (
o

1.00 - y =1.7543x-0.3491
R?=0.9955

0.80 -

Discharge (m3/s)

0.60 -

0.40 -

0.20 -

0.00 T T T
0 0.2 0.4 0.6 0.8 1 1.2

Water level (m)

Figure 8. Rating curve analysis for downstream Ngadirejo
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Figure 9 shows the rating curve obtained at the downstream automatic water level logger in Ngadirejo. The equation
associated with this curve exhibits an impressive R-square value of 0.9955, as well as the rating curve at Pandantoyo
AWLL placement.

0.35 -

rating curve
0.30 -
---------- Linear (rating curve)

0.25 1

0.20 -

0.15 A
y =0.6904x - 0.0182
R?=0.9768

Discharge (m3/s)

0.05 1

32>
Py
o

0.00 ol ! . . . . . . .
0.p0" 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

-0.05 -

Water level (m)

Figure 9. Rating curve analysis for upstream Pandantoyo

This research examined the analysis of time-series data from 2022 using rainfall-runoff modeling and compared the
results with field measurements from April 28, 2022, to June 30, 2022. The data included rainfall observations from rain
gauges paired with discharge measurements. The data for HEC-HMS 4.10 and the open-channel Manning method
equation were used to predict hydraulic conductivity, porosity, lag, and stream velocity (n = 0.025). The calculations,
based on the S formulation in the Sl system, yielded an S value of 133.78 mm [4]. This study employed the CN method,
derived from SCS-CN, with the initial abstraction (ls) determined using an 1./S ratio set at 0.2, which resulted in a
calculated value of I, = AS = 0.2x133.78 = 26.756. Through analysis in Microsoft Excel and hydrological soil group
(HSG) classification, it was found that the composite CN was 65.50. The study encompassed three types of simulations,
namely one basin, multi-basins, and typical basins. The Lamong River catchment area was selected as a typical
catchment for simulation and comparison with the Lanang River catchment, owing to its similar shape, belonging to the
Bengawan Solo River system, and sharing criteria such as land use, soil conditions, and parameters used in HEC HMS
[29-31].

3.3. The Scenario for Comparison between Time Series Modeling and Fieldwork Data

Numeric modeling was conducted using three different models, including (a) one sub-basin, (b) a multi-basin, and
(c) a typical catchment. For the single sub-basin simulation model, the initial optimization trial utilized data collected
from an automatic water level logger located at Pandantoyo. This trial focused on sensitivity parameter values related
to SCS CN-CN and lag time parameters, with the initial CN value set at 65.56, using minimum and maximum values of
43 and 99. Additionally, simulation models in a single sub-basin were examined using data from an automatic water
level logger positioned at Pandantoyo for the first optimization trial. This trial involved sensitivity parameter analysis
for both SCS Curve Number-Curve Number and SCS Curve Number-Lag Time parameters, maintaining an initial CN
value of 65.56, a minimum of 43, and a maximum of 99. Figure 9 shows a graph of the single sub-basin, depicting data
on precipitation, excess rainfall, and outflow. This data was obtained from running simulations using the HEC HMS
4.10 application. Numeric modeling was conducted in multibasin for trial optimization of SCS Curve Number- Curve
Number.

3.4. Sensitivity Analysis Parameters using SCS Curve Number

Calibration plays a crucial role in ensuring that our model closely resembles reality; hence, paired data from upstream
and downstream data loggers within a multi-basin model was used in this research. To organize the catchment, it was
divided into five sub-basins, corresponding to the various branches of the river and their convergence into the main
river. This experimentation involved three types of simulations: one basin, multi-basins, and typical rectangular basins.
The Lamong River catchment area was selected as a representative rectangular catchment for comparison purposes
because it shared similar characteristics with the study catchment, including land use, soil conditions, and parameters in
HEC HMS. The calibration process involved three optimization scenarios, each involving two varying parameters,
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namely the SCS Curve Number parameter with Curve Number, the SCS Curve Number with lag time, and the SCS
Curve Number with Initial Abstraction. These scenarios were applied to both a single sub-basin and a multi-basin model,
consisting of five sub-basins.

W

300
Q

250

200

Depth (mm)
v
2

1004

504

0.6

0.4

034

Flow (cms)

0.2

N U
1 g 15 22 29 5 12 19 26
Apr2022 May2022 Jun2022 ‘

Legend (Compute Time: 260kt2023, 05:30:48)

rd

—— OptOptimization 2 ElementDAS Lanang Result:Cumulative Precipitation —— Opt:Optimization 2 ElementDAS Lanang Result:Cumlative Precipitation Loss —— OptOptimization 2 ElementDAS Lanang Result:Observed Flow
—— OptOptimization 2 EkmeatDAS Lanang ResultOutflow ——- Opt:Optimization 2 ElcmentDAS Lanang Result Bascflow

Figure 10. Simulation one basin, upstream paired data

The selection of the Lamong River basin for comparison was due to its ungauged catchment and logistical constraints,
which prevented the installation of automatic water level recorders. In modeling the Lanang watershed sub-basin, a
basin model manager was used with a Southern WGS 84 UTM 49S coordinate system, while an automatic water level
logger was used to populate the paired data. The water level data were tabulated in a logger table, categorized into
upstream and downstream conditions. In summary, the initial modeling results indicated a significant disparity between
the observations. The simulation yielded a peak discharge of 89.7 m?/s, while the observed peak discharge was only 1.7
m?3/s, as depicted in Figure 10. In hydrology, hydrological model parameters were examined to suit specific watersheds
through the calibration and validation of observed river flows. However, predicting river flow in ungauged catchment
areas, where discharge data is not available, remains a significant challenge [32].

Sensitivity analysis (SA) plays a crucial role in hydrological modeling by helping identify which parameters influence
the model and providing insights into the relationships between various processes within the system [33]. Furthermore,
the validity of the CN model is determined through observations and its correlation with CNs, along with direct field
measurements [34]. The optimization scenario involved two distinct parameters, as cited in Nazif et al. [35]. In the third
optimization case, two varied parameters were considered, namely lag time and SCS-CN with I.. To calibrate the model
in this study, various scenarios were employed, including one sub-basin, a multi-basin (comprising five sub-basins), and
a comparison with other watersheds sharing a similar rectangular watershed shape to Lanang. Therefore, the Lamong
catchment was selected due to its ability to ungauged and automate water level recorders (AWLL) for unavailable
measurement. Calibration is crucial to ensuring the simulated model closely approximates real-world conditions. For
digitizing the Lanang watershed sub-basin, a basin model manager with a Southern WGS 84 UTM 49S coordinate
system was used. The data logger was placed at Pandantoyo (upstream), a river that approaches the river mouth near the
coast.

3.5. Modify Runoff Coefficient

Effective rainfall, which represents the portion of rain contributing to river flow, is a critical factor in hydrology [36].
It significantly influences the calculation of the runoff coefficient [36]. While the standard analysis of effective rainfall
typically considers a 25-year return period [37], this research focuses on a ten-year return period. The rational method
for calculating peak flow relies on several parameters, including rainfall intensity, runoff coefficient, and catchment area
[37, 38]. However, it is essential to emphasize that the determination of peak flow in a catchment extends beyond the
use of rational methods and also considers additional factors such as rainfall patterns and time of concentration [39].
Previous research has identified correlations between the curve number (CN), runoff coefficient, and rainfall. The
volume includes observed and model runoff [40], obtained from rainfall-paired data with respect to flow hydrographs
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[40]. In contrast, the curve number method was used to obtain the runoff model [16]. These correlations comprise various
aspects, including maximum rainfall intensity and excess rainfall calculated using the Mononobe method. The visual
representation of this correlation from 2010 to 2022 is shown in Figure 11.
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Figure 11. Maximum Rainfall Intensity Relationship, Average Rainfall Intensity Mononobe Method, Runoff Coefficient in
the year 2010 to 2022

The runoff coefficient, which is calculated based on peak flow (Q) derived from in-situ water level measurements,
exhibits a significant correlation with increasing maximum rainfall intensity. Summarizing the results of simulations
conducted in a single sub-basin within the Lanang watershed, a significant disparity was observed between the initial
modeling results and the actual field measurements. The model predicted a peak discharge of 0.1 m3/s, while the field
measurements recorded a higher value of 0.3 m%s. Therefore, it is evident that further refinement and iteration of the
model are necessary to correlate with the observed field results.

4. Conclusion

In conclusion, the primary objectives of this research were to refine the runoff coefficient using the rational method
approach and to compare the results of peak discharge obtained through numerical rainfall modeling, focusing on
specific key parameters. The motivation for conducting this research in the Lanang River Basin, an ungauged catchment,
was due to a lack of data and susceptibility to discharge-related issues. However, the findings revealed that the runoff
coefficient increased in conjunction with discharge. When analyzing peak discharge values for maximum rainfall
intensity, the following results were obtained, observational data yielded peak discharge values of 405.7 m%/s, 304.3
md/s, and 25 m®/s. Direct runoff estimations for C coefficients of 0.60, 0.45, and 0.0133 correspondingly produced peak
discharge values in 2022.
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