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ABSTRACT 
Every year, during high rainfall, the Gajah Wong River overflows and inundates residential 
areas. The largest flood events on the Gajah Wong River occurred in early 2016 and mid-2016, 
this disaster caused the Gajah Wong River embankment to collapse, as a result the floods 
continued to overflow and enter residents' settlements as high as 2 meters. This is because 
the capacity of the river exceeds the peak discharge. This study aims to calculate the peak 
discharge using the rational method by utilizing data on daily maximum rainfall in the range 
from 2001 to 2021. The results of the study show that there was an increase in the inundation 
area for each flood return period. The peak flood discharge in the Gajah Wong River Segment 
using the rational method respectively for return floods of 2, 5, 10, 25 and 50 years is 61.41 
m3/second, 98.94 m3/second, 123.79 m3/second , 155.18 m3/second and 178.46 m3/second. 
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INTRODUCTION 
 

 

One of the water resource management units that is 
often used is watershed, which is divided into upstream, 
middle and downstream parts. Watershed has a function 
as a unit and resource management. The strategic role of 
watershed as a planning and resource management unit 
can be seen when watershed cannot function optimally 
as a medium for regulating water management and 
guaranteeing water quality (Suprayogi & Werdiningsih, 
2014). In addition, watershed encompass the regulation 

of water management and the provision of ecosystem 
services. Functions of watershed include the 
accommodation and storage of rainfall, as well as the 
management of water resources. Furthermore, watershed 
can provide benefits in the form of resources to 
accommodate the activities of living things in it. 

The components that affect the characteristics of 
the watershed include soil type, land use, topography, 
slope and slope length. The biophysical characteristics of 
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the watershed respond to rainfall with the size of 
evapotranspiration, infiltration, percolation, surface 
flow, groundwater content, and runoff (Asdak, 2014). If 
one of the watershed components is disturbed, the 
watershed work system will not be in accordance with its 
function, In the event that one of the watershed 
components is disturbed, the watershed work system 
will be out of accordance with its function. This will result 
in detrimental impacts. One of the impacts that occurs 
due to the disruption of the function of the watershed 
components is flooding. Flooding is a phenomenon of 
overflowing water flow that occurs due to the inability of 
the river channel or drainage to accommodate the flow 
discharge. According to Purnama, et al., (2013) stated 
that the characteristics of floods and the impacts caused 
in a watershed are influenced by interrelated factors 
including climate factors, watershed characteristics, 
and the socio-economic conditions of the community in 
the watershed. 

Gajah Wong Sub-watershed is located in an urban 
area covering Sleman Regency, Yogyakarta City, and 
Bantul Regency. In this study, the Gajah Wong River 
segment located in Umbulharjo District always 
experiences flooding every year. As demonstrated in the 
research conducted by Ardiansyah and Sumunar (2020), 
the flood vulnerability interval is predominantly 
influenced by the Gajah Wong sub-watershed zones, 
extending from the upstream to the downstream zones. 
On an annual basis, during periods of high rainfall, the 
Gajah Wong River experiences a phenomenon of 
inundation, affecting residential areas in the vicinity. 
Consequently, it is imperative to undertake a study 
concerning the peak discharge of the Gajah Wong River 
segment in Yogyakarta, with the objective of mitigating 
the risk posed by flooding resulting from high rainfall. 

The novelty in this study is the determination of 
peak flood discharge carried out along the riverbanks of 
the Gajah Wong Sub-watershed segment which is a 
residential area in urban areas. This analysis is 
formulated from hydrological parameters to predict peak 
flood discharge in river segments included in the 
research area using the rational method. The selection of 
this method was predicated on its alignment with the 
characteristics of the study area, which encompasses a 
sub-watershed area of less than 50 km2. According to 
Chow (in Kodoatie, 2013), the rational method is a viable 
approach for flood mitigation planning in urban areas. 

 
 
 

METHOD 
 
Gajah Wong as one of the urban sub-watershed has 
problems caused by the high percentage of built-up land 
in the upstream part of the watershed which should 
function as a catchment area. The presence of built-up 
land that is impermeable in the catchment area results in 
a reduction of the infiltration process during precipitation 
events. Conversely, rainwater is converted into 
substantial amounts of surface runoff. Floods are 
frequently precipitated by substantial precipitation in the 
upstream segment of the river basin, resulting in 
substantial surface runoff that exceeds the capacity of the 
river channels in the middle and downstream segments. 
The overflow of the river flow then inundates the area 
around the river (Sari, 2025). 

On an annual basis, during periods of high rainfall, 
the Gajah Wong River will overflow and inundate 
residential areas. The most significant flood events in the 
Gajah Wong River occurred in early and mid-2016. This 
disaster precipitated the failure of the river embankment, 
resulting in the inundation of residential areas with 
floodwaters reaching a height of 2 meters. In addition, on 
March 18, 2021, there was a flood due to heavy rain in 
Umbulharjo District, which is an area located on the banks 
of the Gajah Wong River, at least 50 families suffered 
losses due to the flood disaster that occurred (Tribun 
Jogja). The latest data from Regional disaster 
management planning agency of Yogyakarta stated that 
there was a flood overflowing the Gajah Wong River in 
Umbulharjo District on October 2-3, 2022 which was 
caused by high rainfall intensity which caused a lot of 
houses to be affected by the flood and in March 2023, 
there was another flood in residential areas around Gajah 
Wong Park reaching a height of 1 meter. 

 
Research Location 

The research was conducted in the Gajah Wong 
Sub-watershed segment located in Umbulharjo District, 
Yogyakarta, Special Region of Yogyakarta Province. The 
Gajah Wong Sub-watershed was chosen as the research 
location because it is located in an urban area dominated 
by residential areas. The Gajah Wong River segment in the 
Umbulharjo district frequently floods due to river 
overflow. The length of the river at the research location is 
1.008 meters and the watershed area is 3.726,85 
hectares. 
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Figure 1. Research Location Map 

 
Research Approach 

The calculation of peak discharge in this study was 
carried out using the rational method. The rational 
method is used to calculate the maximum discharge in a 
small watershed, a watershed is considered small if it 
has an area of 50 km2 (Hadisusanto, 2010). This method 
was chosen because it is in accordance with the 
characteristics of the study area with a watershed area of 
<50 km2. The assumptions used in the rational method 
are as follows:  

1. Floods are caused by a long period of uniform 
rainfall intensity. 

2. The discharge rate will gradually increase until it is 
constant from the farthest point to the watershed 
outlet. 

3. The duration of rainfall and the time required for 
discharge from the farthest point to the watershed 
outlet are equal to the concentration time. 
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The variables used to calculate flooding using the 
Rational Method are the flow coefficient, the rainfall 
intensity, and the watershed area. Meanwhile, the 
parameters used to estimate surface runoff conditions 
according to the Cook method include: (1) slope 
gradient, (2) vegetation cover, (3) soil infiltration (soil 
type), and (4) surface water accumulation (river flow 
patterns and density). 
 
Research Procedures 

In general, this research was conducted in 
several stages, as shown in Figure 2. 

 
Figure 2. Research Procedure 
 
Data Collection Instruments 

The data needed to conduct a study on the 
calculation of peak flood discharge in the Gajah Wong 
River is the annual maximum rainfall data from 2001 to 
2021, this rainfall data is secondary data from the Public 
Works, Housing, Energy and Mineral Resources Service 
of the Special Region of Yogyakarta Province. 

 
 

Data analysis 
 
1. Analysis of Watershed Boundaries and Areas 

The Gajah Wong Sub-watershed boundary was 
obtained from the boundary determined by the Public 
Works, Housing, Energy and Mineral Resources agency of 
the Special Region of Yogyakarta Province, and the 
watershed area was obtained from calculating geometry 
using ArcGIS software. 
 
2. Design Rain Analysis 

The design rainfall analysis was carried out by 
combining the processing of daily rainfall data and 
concentration time. The daily rainfall data used was in 
the form of daily maximum rainfall intensity for several 
years (2001-2021) obtained from rainfall stations around 
the Gajah Wong River, including the Angin-Angin, Beran, 

Bronggag, Gemawang, Karang Ploso, Prumpung stations. 
The steps for calculating design rainfall are as follows:  
a) Determine the maximum daily rainfall in a certain 

year at each rainfall station covering the study area.  
b) Determine the area of influence of each rainfall 

station using the Thiessen polygon method. 
 

P=(P1A1+P2A2+⋯..PnAn)/(A1+A2+⋯..An) ………….(1)  
 

Notes:  
P is the rainfall intensity at the rain gauge station and A is the 
area of the Thiessen polygon. 1, 2, and n are symbols for the 
calculated rainfall station. 

 
c) The rainfall value selected each year is then used to 

calculate the design rainfall with the following 
steps: 
1) Sort the average maximum daily rainfall data 

from largest to smallest. 
2) Determine the statistical parameters of the 

sorted data, namely: mean (x), standard 
deviation (S), coefficient of variation (Cv), 
coefficient of skewness, dan coefficient of 
kurtosis (Ck). 

3) Determine the appropriate type of distribution 
based on existing statistical parameters. 
There are four types of frequencies that are 
often used in hydrology, namely: 
• Normal Distribution. The normal 

distribution is also called the Gaussian 
distribution (Soewarno, 1995). The 
normal probability density function is 
normal if Cs ≈ 0; Ck ≈ 3. 

• Log Normal Distribution. Log Normal 
distribution is the result of 
transformation of normal distribution, 
namely by changing the value of the X 
variate into the logarithmic value of the X 
variate (Soewarno, 1995). Determining 
the estimated distribution according to 
its parameters is Cs ≈ 3; Cv > 0. 

• Gumbel Distribution. Gumbel 
distribution is used for maximum data 
analysis, for example for flood frequency 
analysis (Soewarno, 1995). Gumbel 
distribution has a difference coefficient 
(Coeffisient of skewness) or CS ≈ 1,139 
and kurtosis coefficient (Coeficient 
Curtosis) or Ck < 4,002. 

• Pearson Log Distribution Type III. This 
distribution is widely used in hydrological 

Analysis of 
Watershed 

Boundaries and 
Areas

Design Rain 
Analysis

Peak Discharge 
Calculation using 

the Rational 
Method
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analysis, especially in the analysis of 
maximum and minimum data with 
extreme values. Included in this 
distribution if Cs ≈ 0; Ck > 4 s.d 6 

4)  Conduct tests with Chi-Square and Smirnov-
Kolmogorov to determine whether the 
selected distribution type is appropriate. 

5)  Calculating the design rainfall for return 
periods of 2.5, 10, 25 and 50 years based on 
the selected distribution type, which is 
expressed by the following simple formula: 

 
XT = Xr + KT S ……………………….…………....(2) 
 
Information: 
XT : design rainfall with a return period of T years 
Xr : average magnitude 
S : standard deviation 
KT : frequency factor for a return period of T years 

6)  Calculate the design rainfall into rainfall 
intensity using the Mononobe equation. 

 
3. Rational Method 

The variables used in the rational method are flow 
coefficient (C), rainfall intensity (I), and watershed area 
(A). The rational method equation is as follows: 
 
Q = 0,278. C. I. A …………………………………………….(3) 

Information : 
C = Flow coefficient 
I   = Rain intensity (mm/hour) 
A = Watershed area (km2) (Asdak, 2014) 
 
a) Flow Coefficient 

The flow coefficient is a metric used to indicate 
whether a watershed has undergone disturbance. The 
physical condition of the watershed affects the process of 
rainwater becoming surface flow that can change rain into 
flow discharge (Seyhan, 1977). The size of the C value 
depends on the permeability and the ability of the soil to 
hold water. A large C value indicates that a lot of rainwater 
becomes runoff. Information on land use, land slope, soil 
type, and flow density is then used to calculate the flow 
coefficient value using the Cook's method. The weight of 
each parameter is presented in table 1. The results are 
used to determine the flow coefficient value. The 
calculation of the flow coefficient using the weighted 
average method from the unit area value of the 
overlapping results is carried out with the equation 

 
C= ((CaxLa)+(CbxLb)+⋯+(CnxLn))/(La+Lb+⋯+Ln) ….(4) 

 
Information : 
Cn = Flow coefficient at the nth unit (%) 
Ln = Area of the nth area (ha) 
C = Total flow coefficient (%)

 
Table 1. Weight Values of Cook's Method Parameters and Data Acquisition Techniques 

No Parameter Criteria Value Category Score Data Analysis 
Techniques 

1 Slope 1. >30% 
2. 10-30% 
3. 5-10% 
4. 0-5% 

1. Steep 
2. Hilly 
3. Wavy 
4. Relatively Flat 

40 
30 
20 
10 

Data analysis SRTM 

2 Vegetation 
Cover 

1. Low Density Vegetation 
2. Medium Density Vegetation 
3. Sparse Density Vegetation 
4. Hardened Surface 

Settlement 

1. Low 
2. Medium 
3. High 
4. Very High 

5 
10 
15 
20 

Secondary Data 
(Land-Use Data 
Processing, 2021) 

3 Soil 
Infiltration 
(Soil Type) 

1. Rough Texture 
2. Loamy Texture 
3. Smooth Texture 
4. Clay Texture 

1. Extreme 
2. Fast 
3. Moderate 
4. Slow 

5 
10 
15 
20 

Land Map 

4 Surface 
Embankment 
(Flow Pattern 
and River 
Channel 
Density) 

1. Always Flooded 
2. Surface Depressions, Lakes 

and Swamps Found 
3. Quite Good Drainage 

System 
4. Draining Too Fast 

1. High 
2. Normal 
3. Low 
4. Negligible 

5 
10 
15 
20 

Satellite imagery is 
interpreted with the 
aid of flow pattern 
maps from RBI and 
landform maps. 

Source: Chow, 1988
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Meanwhile, the formula used to calculate flow density or 
river flow is as follows: 
Dd =L

A
 …………………………………………………………(5) 

 
Information: 
Dd = Flow Density (Km/Km2) 
L    = River Length (Km) 
A    = Sub-watershed area (Km2) 
 
The flow density values for each class can be observed 
in the following table. 
 

Table 2. Flow Density Values in Each Class 
Flow Density 

(km/km2) 
Condition Classification 

>5 Strong drainage, steep 
channels, no ponding 

Negligible 

2-5 
Good to moderate 

management, no lakes Slight 

1-2 
Good to moderate 

management, 2 percent 
of the area is flooded 

Moderate  

<1 
Poor management, lots 

of puddles High 

Source: Ismail (2009) 
 

b) Design Rainfall Intensity 
Rainfall intensity can be calculated using the 

Mononobe formula: 
 
I = R24

24
 x 24

tc 2/3 
  …………………………………………………..(5) 

 
Information: 
 
R = maximum rainfall (mm) 
tc = concentration time (hours) 
 
c) Concentration Time (Tc) 

Concentration time Tc (time of concentration) is 
the travel time required by water from the furthest place 
(upstream of the watershed) to the water flow 
observation point (outlet) (Asdak, 2010). Concentration 
time is calculated using the formula developed by 
Kirpich, which can be formulated as follows: 
 
Tc= 𝑥 =

0,06628.  L0,77

S0,385  ………………………………………(6) 
 
Information: 
Tc = concentration time (hours) 
L = length of main river (km) 
S = slope of main river (m) 

d) Concentration Time (Tc) 
Concentration time Tc (time of concentration) is 

the travel time required by water from the furthest place 
(upstream of the watershed) to the water flow observation 
point (outlet) (Asdak, 2010). Concentration time is 
calculated using the formula developed by Kirpich, which 
can be formulated as follows: 
 
Tc= 0,06628. L0,77 S-0,385 …………………………………...(7) 
 
Description: 
Tc = concentration time (hours) 
L = length of main river (km) 
S = slope of main river (m) 
 
e) Drainage Channel Design for River Embankment 

Wet cross section to accommodate maximum 
discharge. 

 
Trapezoidal Channel 

 
Figure 3. Trapezoidal Channel 
 
Rectangular Channel 

 
 
Figure 4. Rectangular Shape Channel 
 
 
The formula used for trapezoidal channels: 
 
Ae  = (b+m.h)h ………………………………………...(8) 
P    = b + 2h√((1+m2)) ……………….………………..(9) 
𝑅          =

Ae 

P
  ..……………………………………..…… (10) 
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The formula used for rectangular channels: 
 
Ae = b.h …………………………………………………………(11) 
𝑅 =

Ae 

P
  ……………………………………………………..…(12) 

P = b + 2h ……………………………………………………….(13) 
 
Information: 
 
b = Channel width (m) 
h = Water depth (m) 
m = Comparison of embankment slope 
R = Hydraulic radius (m) 
P = Wet channel cross-section (m) 
Ae = Wet cross-section area (m2) 
 
f) Average Flow Velocity 

The average flow velocity is the process of water 
flowing through the drainage from the inlet to the outlet 
which is taken per unit time (m/second). Determining the 
average velocity in calculating the channel dimensions 
using the Manning formula: 

 

𝑉 =
1

𝑛
(𝑅)

2

3
 (𝑖)

1

2
  …………………………………………….(14) 

 
Information: 
 
Q : Water discharge in the channel (m3/sec) 
V : Water velocity in the channel (m/sec) 
n : Wall roughness coefficient 
R : Hydraulic radius (m) 
i : Channel bottom slope 
A : Wet cross-sectional area (m2) 
 

RESULTS AND DISCUSSION 
 
1.  Morphometry of Gajah Wong Sub-watershed 

According to Soewarno (2014), the morphometry 
of a watershed is calculated using several parameters, 
including area, length, width, slope, order, and river 
density. The size of the watershed dictates the area of the 
water catchment area, thereby influencing the total 
volume of outflow from within the watershed (Indarto, 
2010). Pramono et al. (2010) explained that the river 
morphometry parameters used to estimate flood 
discharge using the rational method are area, flow 
length, and river slope. 

The Gajah Wong watershed has a main river 
length of 31.409 km with an average river slope of 
0,066%. The rivers in the Gajah Wong watershed are 

classified as perennial rivers, which means they flow 
throughout the year. 

 
Table 3. Morphometric Data of Gajah Wong Sub-

watershed 
 

No River Characteristics Value 

1.  Wet Cross-sectional Area of 
Channel (Ae) 

14,5 m2 

2. Channel Wet Circumference (P) 16.708 m 

3. Hydraulic Radius (R) 0,8678 m 

4. Manning Coefficient (Plastered River 
Stone) 

0,02-0,025 

5. Water Speed in Channels 8,91 m/sec 

6. Channel Discharge Capacity 106,97 m3/sec 

Source: Field Observation and Data Processing 
 
2. Regional Rain 

Regional rainfall calculations were carried out 
using the Thiessen Polygon method. This method was 
chosen based on the uneven rainfall measurement points 
and the relatively low topographical conditions. The study 
utilizes five rainfall measurement points as interpolation 
points. Each point generates its own coverage area. Based 
on the interpolation results, the coverage area of point 1 is 
1,55 km2, point 2 is 17,84 km2, point 3 is 4,77 km2, point 4 
is 9,42 km2, and point 5 is 3,67 km2. The calculation of 
regional rainfall using the Thiessen Polygon in the Gajah 
Wong sub-watershed from 2001-2021 is as follows 
(Figure 5). 

Daily rainfall in Gajah Wong Sub-watershed ranges 
from 23,91 mm/day – 170,55 mm/day. The maximum daily 
rainfall in 2017 was much higher than in other years, this 
is because in 2017 there was a cyclone Cempaka so that 
Yogyakarta was affected by extreme rain (T. Kurniawan, 
2017). 

Frequency analysis calculations are performed on 
maximum daily rainfall data. Frequency analysis is used 
to determine the type of probability distribution that is 
appropriate for calculating design rainfall. The design 
rainfall then becomes the basis for calculating design 
rainfall intensity. The results of frequency analysis 
calculations using the normal and gumbel distribution 
methods show that the coefficient of variation (cv) is 0.53, 
the skewness coefficient (cs) is 0.97, and the kurtosis 
coefficient (ck) is 0.52. 

The suitability test was then conducted on the design 
rainfall data. The suitability test was conducted to 
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determine the suitability of the sample data frequency 
distribution with the calculation results. The suitability 
test was conducted using Chi-Square and Smirnov-

Kolmogorov. Table 4 shows the results of the Chi-Square 
and Smirnov-Kolmogorov suitability tests.

 

 
Figure 5. Graph of Maximum Rainfall in Gajah Wong Sub-Watershed 

Source: Results of Research Data Processing in 2023 
 

The results of the goodness-of-fit test show that 
the Chi count and D count values are smaller than the Chi 
critical and D critical. Based on the results of the 
calculation of several statistical parameters, it was 
concluded that all types of distributions are acceptable. 
Therefore, the total rainfall value using the Gumbel 
distribution is higher than other types of distributions, so 
the type of distribution used to calculate the design 
rainfall is the Gumbel distribution. 

 
Table 5. Design Rainfall at Each Return Period 
 

Return Period Rainfall Intensity (mm) 
2 65,43 
5 105,41 

10 131,89 
25 165,33 
50 190,14 

Source: Research Data Processing Results (2023) 

Design rainfall value shows that the longer the time 
in the return period, the higher the rainfall intensity. This 
happens because the longer the return period indicates a 
smaller probability of occurrence. The return periods of 2, 
5, 10, 25 and 50 years have a probability of occurrence of 
50 percent, 20 percent, 10 percent, 4 percent and 2 
percent. This means that in the 2-year return period, the 
probability of 65,43 mm of rain each year is 50 percent, 
the 5-year return period has a probability of 105,41 mm of 
rain of 20 percent, the 10-year return period has a 
probability of 131,89 mm of rain of 10 percent, the 25-year 
return period has a probability of 165,33 mm of rain of 4 
percent, and the 50-year return period has a probability of 
190,14 mm of rain of 2 percent. 
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Table 4. Chi-Square and Smirnov Kolmogorov Goodness of Fit Tests 
 

Frequency Distribution Analysis 

Tr (Year) Normal Gumbel Log Normal Log Pearson Tipe III 

50 147.55 190.14 185.32 139.36 

25 136.34 165.33 157.91 130.21 

10 119.67 131.89 124.45 114.54 

5 102.99 105.41 98.08 98.71 

2 71.30 65.43 62.37 68.14 

Total 736.91 872.98 846.90 697.71 

Distribution Suitability Test 

Chi-Square Test 

Chi Count 5.5714286 1.57142857 4.42857 7.285714 

Critical Chi 7.8150 7.815 7.815 7.815 

Conclusion Accepted Accepted Accepted Accepted 

Uji Smirnov Kolmogorov 

Chi Count 0.22 0.22 0.18 0.18 

Critical Chi 0.286 0.286 0.286 0.286 

Conclusion Accepted Accepted Accepted Accepted 

Source: Results of Research Data Processing 2023 

 
3.  Surface Flow Coefficient 

The surface runoff coefficient is a comparison of 
the volume of water flowing on the surface during rainfall 
with the total volume of rainfall during a certain period. 
The calculation of the flow coefficient is needed to 
determine the amount of water flowing due to a rainfall 
event. In addition, the coefficient also indicates the 
impact of the natural geomorphological conditions of an 
area. According to Che, et al (2018), the flow coefficient 
can also be used to compare the response of each 
different landform in transforming rainfall into surface 
runoff.  

The flow coefficient value is between 0 and 1. 
The higher the surface runoff, the greater the flow 
coefficient, or closer to 1, indicating that the area has 
poor ability to store and drain rainfall that falls below the 
surface. The results of the flow coefficient calculation in 
the Gajah Wong Sub-watershed can be seen in Table 6. 

The determination of the flow coefficient is 
carried out using the Cook method. This method is based 
on four variables (topography, vegetation cover, soil 
infiltration and surface storage). The calculation of 
surface storage is performed using the flow density 
approach. Each characteristic is assigned a distinct 

weight. In the context of land use, specifically in the form 
of built-up land, the infiltration area is constrained. 
Rainfall that accumulates in areas characterized by built-
up land has been observed to result in an augmentation of 
the surface flow rate. This will also affect the value of the 
maximum peak discharge. The flow coefficient value for 
all characteristics is then calculated compositely so that 
the flow coefficient for the Gajah Wong Sub-watershed is 
0.57. 

 
4.  Peak Flood Discharge 

Peak discharge shows how much water passes 
through a cross-section of each channel in each unit of 
time and the capacity if the channel is unable to 
accommodate the flood discharge, then a flood occurs. 
The results of the peak discharge calculation using the 
rational method are presented in Figure 6. The calculation 
of peak discharge with a return period of 2, 5, 10, 25 and 
50 years is carried out with the assumption that the 
parameters or characteristics of the watershed are 
relatively the same or do not change. The flow coefficient 
value used for all return periods is the same. The rainfall 
intensity and area of the Sub-watershed used are also the 
same as in the previous calculation 
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Table 6. Study Area Flow Coefficient 
 

Watershed 
characteristics 

Characteristics that Generate Flow 
Weight 
x Area 

Area 
(Km2) 

 

C 
Extreme 

(100) High (75) 
Moderate 

(50) Low (25) Cn Ct 

Topography Steep (>40%) Hilly  
(10-40%) 

Undulating 
 (5-10%) 

Flat  
(0-5%) 

5,50 33,24 0,17 0,57 

Weight 0,4 0,3 0,2 0,1 
Area (Km2) 0,007 5,126 11,504 16,602 
Soil 
Infiltration 

Rocks 
covered with 
a thin layer of 

soil 

Clay Sandy Loam, 
Dusty Loam, 
Loam, Clay 

Loam 

Sand, Gnarled 
Sand 

3,36 0,10 
 

Weight 0,2 0,15 0,1 0,05 
Area (Km2) 0 0 31,025 2,214 
Cover 
Vegetation 

Residential, 
vacant land 

Irrigated rice 
fields, rain-fed 
rice fields, and 

dry fields 

Mixed gardens, 
less dense 

forests 

Dense Forest 5,27 0,16 
 

Weight 0,2 0,15 0,1 0,05 
Area (Km2) 18,545 1,927 12,742 0,024 
Surface 
Deposits 

Negligible, 
strong 

drainage, 
steep 

channels, no 
lakes 

Little, good 
management, 

no lakes 

Moderate, 
good-moderate 
management, 
2% of the area 

is lakes 

Substantial, 
less 

regulation, 
many lakes 

4,98 0,15 
 

Weight 0,2 0,15 0,1 0,05 
Area (Km2) 0 33,22 0,018 

 
0 

Source: Research Data Processing Results (2023) 
 
 

Figure 6. Peak Discharge of Gajah Wong Sub-watershed 
Source: Results of Research Data Processing in 2023 
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Furthermore, the design rainfall data is 
combined with the concentration time to obtain a design 
rainfall intensity value that is evenly distributed 
throughout the Sub-watershed. The concentration time is 
the time required for water to flow from the furthest point 
to the observation point in the Gajah Wong sub-
watershed of around 2.74 hours, with a watershed flow 
coefficient of 0.57. The peak discharge value of the Gajah 
Wong sub-watershed in various return periods is 
presented in (Figure 6). 

Based on the graph in Figure 6, it shows that the 
results of the peak discharge calculation of the Gajah 
Wong Sub-watershed have an increasing pattern during 
the return period. The peak discharge in the Gajah Wong 
Sub-watershed is 61,41 m3/second at a return period of 2 
years, 98,94 m3/second at a return period of 5 years, 
123,79 m3/second at a return period of 10 years, 155,18 
m3/second at a return period of 25 years and 178,46 
m3/second at a return period of 50 years. The maximum 
flood discharge at the return periods of 2 and 50 years 
exhibit a substantial discrepancy. This phenomenon 
transpires due to the substantial disparity in the design 
rainfall values at both return periods, which aligns with 
the principles of probability. The magnitude of the design 
rainfall value exerts a considerable influence on the 
magnitude of the peak discharge. 

 
5.  Evaluation of River Embankment Capacity in the 

Study Area 
In the field of flood management, a common 

structural mitigation measure is the construction of river 
embankments.  
 
Table 7. Capacity of the Embankment Channel in the 
Study Area 
No River Characteristics  
1. Height of Embankment 3 m 

2. Wet Cross-sectional Area of Channel (Ae) 14.5 m2 
3. Channel Wet Circumference (P) 16,708 m 
4. Hydraulic Radius (R) 0,8678 m 
5. Manning Coefficient (Plastered River 

Stone) 0.02-0.025 

6. The Velocity of Water in Channels 8,91 m/det 
7. Channel Discharge Capacity 106,97 m3/det 
Source: Data Processing, 2023 
 

The height of the embankment in the river segment 
of the research area is 3 meters. To evaluate the height of 
the river embankment, data on concentration time and 
river slope are needed. Concentration time is the time 
required for river water to flow from upstream to reach 

the inlet segment in the research area. While the 
concentration time of the Gajah Wong Sub-watershed 
river flow is 2.74 hours (2 hours 44 minutes). With a river 
slope of 3.8 percent. 

The 3-meter high embankment indicates that the 
channel discharge capacity is 106.97 m3/sec. In instances 
where the peak discharge exceeds the capacity of the 
channel, the river is unable to accommodate the excess 
flow, resulting in flooding due to river overflow. 

 
Table 8. Comparison of Planned Discharge with Channel 
Capacity with Embankment Height 

Period 
Time 

Peak 
Discharge 

(m3/det) 

Channel 
Discharge 
Capacity 

(m3/second) 

Information 

2 61,41 106,97 No flood 
5 98,94 106,97 No flood 

10 123,79 106,97 Flood 
25 155,18 106,97 Flood 
50 178,46 106,97 Flood 

Source: Data Processing (2023) 
 

As indicated in Table 8, the height of the 
embankment, which is 3 meters, is inadequate to fully 
accommodate the peak discharge. The river embankment 
with a height of 3 meters can only accommodate flood 
inundation at a return period of 2 and 5 years. While for a 
return period of 10, 25 and 50 years, an embankment with 
a height above 3 meters is required. 

 

CONCLUSION 
 

The maximum flood discharge in the Gajah Wong River 
Segment, as determined using the rational method for 
floods with return periods of 2, 5, 10, 25, and 50 years, was 
61.41 m³/second, 98.94 m³/second, 123.79 m³/second, 
155.18 m³/second, and 178.46 m³/second, respectively. 
Peak discharge is a critical factor in flood evaluation 
because it quantifies the volume of water that passes 
through a specific channel cross-section per unit of time. 
In instances where a channel is incapable of 
accommodating the flood discharge, a flood is likely to 
ensue. The results of the river embankment evaluation 
indicated that the 3-meter embankment height proved to 
be inadequate in fully accommodating the flood. 
Therefore, to mitigate flooding caused by the overflow of 
the Gajah Wong River, it is necessary to increase the 
height of the embankment along the river segment in the 
study area. Subsequent research endeavors are 
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anticipated to elucidate the flood inundation model, 
which is predicated on peak discharge data. This study is 
imperative for the consideration of flood mitigation 
measures within the Gajah Wong Sub-Watershed 
segment. 

 
Conflict of Interest The author declares that he has no 
conflict of interest relevant to this research. 

 
Open Access This article is licensed under a Creative 
Commons Attribution 4.0 International License. 

 

REFERENCES 
 
Ardiansyah, A., & Sumunar, D. R. S. (2020). Flood 

vulnerability mapping using geographic 
information system (GIS) in Gajah Wong sub 
watershed, Yogyakarta County Province. Geosfera 
Indonesia, 5(1), 47. 
https://doi.org/10.19184/geosi.v5i1.9959 

Asdak, C. (2014). Hidrologi dan pengelolaan daerah 
aliran sungai (Edisi ke-6). Gadjah Mada University 
Press. 

Che, D., Liang, A., Li, X., & Ma, B. (2018). Remote sensing 
assessment of safety risk of iron tailings pond 
based on runoff coefficient. Sensors, 18(4), 1045. 
https://doi.org/10.3390/s18041045 

Chow, V. T., Maidment, D. R., & Mays, L. W. (1988). 
Applied hydrology. McGraw-Hill. 

Clark, M. P., Bierkens, M. F. P., Samaniego, L., Woods, R. 
A., Uijlenhoet, R., Bennett, K. E., ... & Peters-
Lidard, C. D. (2017). The evolution of process-
based hydrologic models: Historical challenges 
and the collective quest for physical realism. 
Hydrology and Earth System Sciences, 21(7), 
3427–3440. https://doi.org/10.5194/hess-21-
3427-2017 

Costabile, P., Costanzo, C., Ferraro, D., Macchione, F., & 
Petaccia, G. (2020). Performances of the new 
HEC-RAS version 5 for 2-D hydrodynamic-based 
rainfall-runoff simulations at basin scale: 
Comparison with a state-of-the-art model. Water, 
12(9), 2326. https://doi.org/10.3390/w12092326 

Dawson, R. J., Speight, L., Hall, J. W., Djordjevic, S., Savic, 

D., & Leandro, J. (2008). Attribution of flood risk in 
urban areas. Journal of Hydroinformatics, 10(4), 
275–288. https://doi.org/10.2166/hydro.2008.054 

Edwards, P. J., Williard, K. W. J., & Schoonover, J. E. (2015). 
Fundamentals of watershed hydrology. Journal of 
Contemporary Water Research & Education, 
154(1), 3–20. https://doi.org/10.1111/j.1936-
704X.2015.03185.x 

Hadisusanto, N. (2011). Aplikasi hidrologi. Jogja 
Mediautama. 

Hari Murtiono. (2008). Kajian model estimasi volume 
limpasan permukaan, debit puncak aliran, dan 
erosi tanah dengan model Soil Conservation 
Service (SCS), Rasional dan MUSLE (Studi kasus di 
DAS Keduang, Wonogiri). Kelompok Peneliti 
Konservasi Tanah dan Air, Balai Penelitian 
Kehutanan Solo. 

Harisuseno, D., & Bisri, M. (2017). Limpasan permukaan 
secara keruangan (spatial runoff). UB Press. 

Indarto. (2010). Hidrologi: Dasar teori dan contoh aplikasi 
model hidrologi. Bumi Aksara. 

Ismail, A. (2009). Pengaruh perubahan penggunaan lahan 
terhadap karakteristik hidrologi daerah tangkapan 
air Waduk Darma, Kabupaten Kuningan, Provinsi 
Jawa Barat [Tesis, Universitas Indonesia]. 

Istiarto. (2014). Simulasi aliran 1-dimensi dengan bantuan 
paket program hidrodinamika HEC-RAS. Modul 
Pelatihan. 

Kodoatie, R. J. (2013). Rekayasa dan manajemen banjir 
kota. Andi Offset. 

Konrad, C. P. (2003). Effects of urban development on 
floods. USGS Science for a Changing World. 

Lee, S., Kim, J., Jung, H., Lee, M. J., & Lee, S. (2017). Spatial 
prediction of flood susceptibility using random-
forest and boosted-tree models in Seoul 
metropolitan city, Korea. Geomatics, Natural 
Hazards and Risk, 8(2), 1185–1203. 
https://doi.org/10.1080/19475705.2017.1308971 

Linsley, R. K., Kohler, M. A., & Paulhus, J. L. H. (1996). 
Hidrologi untuk insinyur (Edisi ke-3). Erlangga. 

https://doi.org/10.19184/geosi.v5i1.9959
https://doi.org/10.5194/hess-21-3427-2017
https://doi.org/10.5194/hess-21-3427-2017
https://doi.org/10.3390/w12092326
https://doi.org/10.2166/hydro.2008.054
https://doi.org/10.1111/j.1936-704X.2015.03185.x
https://doi.org/10.1111/j.1936-704X.2015.03185.x


149  |  Jurnal Penelitian Geografi  
 

  

Marfai, M. A. (2003). GIS modelling of river and tidal 
hazards in a waterfront city: Case study Semarang 
[Thesis, ITC, The Netherlands]. 

Nurrizqi, E. H. (2016). Model pemanenan air hujan 
(rainwater harvesting) untuk mengurangi dampak 
bencana banjir di DAS Penguluran, Kecamatan 
Sumbermanjing Wetan, Kabupaten Malang 
[Skripsi, Universitas Gadjah Mada]. 

Papaioannou, G., Loukas, A., Vasiliades, L., & Aronica, G. 
(2016). Flood inundation mapping sensitivity to 
riverine spatial resolution and modelling 
approach. Natural Hazards, 83(1), 117–132. 
https://doi.org/10.1007/s11069-016-2382-1 

Pekel, J. F., Cottam, A., Gorelick, N., & Belward, A. S. 
(2016). High-resolution mapping of global surface 
water and its long-term changes. Nature, 
540(7633), 418–422. 
https://doi.org/10.1038/nature20584 

Putra, A. H., & Febrianti, Y. (2020). Analisis banjir dengan 
metode SCS-CN menggunakan Sistem Informasi 
Geografis (SIG) di Kecamatan Pauh Kota Padang. 
Jurnal Ilmiah Rekayasa Sipil, 17(1), 1–11. 
https://doi.org/10.30630/jirs.v17i1.39 

Rahadi, B., & Harimurti, R. (2016). Pemodelan banjir DAS 
Citepus akibat perubahan penggunaan lahan dan 
desain polder menggunakan HEC-HMS dan HEC-
RAS. Jurnal Teknik ITS, 5(2), A296–A300. 
https://doi.org/10.12962/j23373539.v5i2.18337 

Razi, M. A. M., Ariffin, J., & Tahir, W. (2010). Flood 
estimation studies using hydrologic simulation 
program-FORTRAN (HSPF) model. American 
Journal of Environmental Sciences, 6(3), 238–243. 

https://doi.org/10.3844/ajessp.2010.238.243 

Rimba, A. B., Setiawan, B., Vidiarina, H. D., & Rahayu, H. 
(2022). Flood hazard mapping using HEC-RAS and 
GIS spatial analysis in Cimandiri River. IOP 
Conference Series: Earth and Environmental 
Science, 1041, 012065. 
https://doi.org/10.1088/1755-
1315/1041/1/012065 

Saputro, E. A., & Hermawan, H. (2021). Simulasi debit 
sungai menggunakan metode HEC-HMS pada 
Sungai Penggung, Desa Ngringo, Kecamatan Jaten, 
Kabupaten Karanganyar. Jurnal Teknik Sipil dan 
Perencanaan, 23(2), 63–74. 
https://doi.org/10.15294/jtsp.v23i2.31379 

Setiawan, R. Y., & Rosyidi, A. (2020). Pemodelan banjir 
dengan metode HEC-RAS dan HEC-HMS di DAS 
Cipinang. Jurnal Teknik Sipil, 11(1), 45–52. 
https://doi.org/10.21070/jts.v11i1.657 

Suripin. (2004). Sistem drainase perkotaan yang 
berkelanjutan. Andi. 

Tarigan, S. D., & Yulianti, M. (2020). Simulasi limpasan 
permukaan menggunakan metode HEC-HMS di 
Daerah Aliran Sungai Cisadane Hulu. Jurnal Teknik 
Sipil, 8(2), 117–127. 
https://doi.org/10.32722/jts.v8i2.3162 

Triatmodjo, B. (2008). Hidrologi terapan. Beta Offset. 

Yulianur, Y., & Saputra, D. D. (2022). Analisis banjir pada 
sungai Kreung Aceh dengan metode HEC-RAS dan 
HEC-HMS. Jurnal Teknik Sipil, 11(1), 13–21. 
https://doi.org/10.25077/jts.11.1.13-21.2022

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1007/s11069-016-2382-1
https://doi.org/10.1038/nature20584
https://doi.org/10.30630/jirs.v17i1.39
https://doi.org/10.12962/j23373539.v5i2.18337
https://doi.org/10.3844/ajessp.2010.238.243
https://doi.org/10.1088/1755-1315/1041/1/012065
https://doi.org/10.1088/1755-1315/1041/1/012065
https://doi.org/10.15294/jtsp.v23i2.31379
https://doi.org/10.21070/jts.v11i1.657
https://doi.org/10.32722/jts.v8i2.3162
https://doi.org/10.25077/jts.11.1.13-21.2022


  Suci Purnama Sari et al  |    150 
 

 

 

 
 


