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Abstract: South Jakarta has the highest rainfall concentration and the most flood location in Jakarta.
Therefore, an urban drainage system is needed to control surface water so flood can be prevented. This
research aims to support the urban drainage system planning by determining rainfall intensity based on
three methods, those are Van Breen, Bell Tanimoto, and Hasper der Weduwen. The most suitable method
will be selected by comparing the value of rainfall intensity with Talbot, Sherman, and Ishiguro approach.
This research reveals that the most suitable method is the Van Breen Method with the Talbot equation. The
result of the calculation is rainfall intensity for 2, 5, 10, 25, 50, and 100 years rain return period, with each
range 27.2 — 182.8 mm/hour, 36.8-197.6 mm/hour, 43.1-206.3 mm/hour, 51.1-216.6 mm/hour, 57-223.9
mm/hour, and 63-230,8 mm/hour.
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1. Introduction

Flood has been an endless problem for people all around the world from the past, present, and
future [1-3]. In Indonesia, even though the timing and magnitude of floods vary, almost all regions
face significant flooding hazards [4-7]. The flooding phenomenon and land subsidence are a
natural phenomenon in Jakarta that continuously occurs, causing various damages and losses, and
requires serious treatment [8]. South Jakarta is an area that has the most flood locations [9-11].

Lestanto and Paski analysis, shows that the overall rainfall data in South Jakarta has the highest
underestimate chance [12]. According to Prabawadhani et al also showed that the highest rainfall
concentrations tend to occur in the central to southern areas of DKI (Special Capital District)
Jakarta Province, especially around the borders between DKI Jakarta (South Jakarta), West Java
(Depok), and Banten (South Tangerang) [13]. Urban drainage is drainage in urban areas that
functions to control surface water so that it does not harm the public. It can be done by planning
a good drainage system by considering the hydrological conditions of the area.

In planning the drainage system, determining the value of rainfall intensity is needed to get the
value of the flood discharge in the planning area. Rain intensity value will determine the quantity
of rain per unit time. The length time of rain duration will be inversely proportional to the
magnitude of the rainfall intensity. The shorter the duration is, the greater its intensity and return
period. By knowing the intensity of occurred rain, is expected to be used as a basis for planning
drainage channel capacity in the return period. One approach that can be done to determine the
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rainfall intensity is by calculating using Van Breen method, Bell Tanimoto method, and Hasper
der Weduwen method.

This research aims to determine the rainfall intensity calculated based on three methods, those are
the Van Breen, Bell Tanimoto, and Hasper der Weduwen. Derivation value is determined by
comparing the value of rainfall intensity with Talbot, Sherman, and Ishiguro approach.

2. Methods

This research is conducted by adapting SNI 2415-2016 on the procedure for calculating flood
discharge plans [14]. Starting by observing South Jakarta’s geographic condition and obtaining
annual maximum daily rainfall data for the last 25 years from observation stations located around
South Jakarta. Then, the data from various stations are processed to get the mean values from
each year. After that, the homogeneity test is applied to the mean values. Following the test is
maximum daily rainfall analysis using 3 methods, such as the Gumbel method, Log Pearson Type
I method and Normal distribution method. Among these three methods, only one will be used to
determine rainfall intensity, which selected based on the Chi-Square compatibility test. Rainfall
intensity analysis is conducted with the Van Breen method, Bell Tanimoto method, and Hasper
der Weduwen method. One of the equations will be selected to create Intensity-Duration-
Frequency Curve. The chosen equation is decided through comparing the gaps made by testing
each equation with the Talbot, Sherman and Ishiguro equations.

3. Result and Discussion

3.1 Data of Annual Average Rainfall in Nearby Stations

Rainfall in South Jakarta is the amount of rainwater that falls in South Jakarta within a certain
time. The rainfall data used is the maximum daily rainfall data for the last 25 years from three
rain observation stations around South Jakarta. Rainfall data can be seen in Table 1. According
to Prabhawadani et al., mentioned that the rain occurred in DKI Jakarta tends to accumulate a lot
in the central to southern Jakarta [13].

Table 1. Annual Average Rainfall Data in Rain Observation Stations Wilayah Around South Jakarta

Rain Observation Stations

o Yewr o erang Setatan Metcorologi Kusuma Jakarta
(mm) Kemayoran (mm) (mm)
1 1995 113.30 48.30 295.10
2 1996 113.83 137.94 150.78
3 1997 82.62 80.13 161.55
4 1998 108.55 103.48 90.47
5 1999 97.57 93.91 90.47
6 2000 103.40 94.80 58.67
7 2001 104.00 82.20 100.27
8 2002 109.20 168.50 116.26
9 2003 119.20 119.19 162.74
10 2004 94.00 168.56 90.34
11 2005 104.50 161.78 102.36
12 2006 79.30 93.86 93.77
13 2007 272.05 305.96 230.57
14 2008 167.33 251.21 144.21
15 2009 91.27 159.69 148.77
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16 2010 60.85 121.24 26.83
17 2011 93.57 155.39 84.53
18 2012 120.63 87.15 94.40
19 2013 145.12 160.22 161.00
20 2014 180.64 122.53 120.80
21 2015 176.86 229.89 124.60
22 2016 146.63 103.14 111.60
23 2017 121.23 148.87 136.30
24 2018 130.45 86.65 101.20
25 2019 117.00 74.97 72.65

Figure 1 shows the AMDR chart from 1995 to 2019. The AMDR mean in South Jakarta shows a
value of 126.4 mm. According to Syafei and Hidayati, the five categories are rainfall with a range
of <100 mm (low), 100-200 mm (slightly low), 200-300 mm (moderate), 300-400 mm (slightly
high), and > 400 mm (high) [15]. Overall rainfall in South Jakarta is considered as the medium
category.
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Fig. 1. Annual Maximum Daily Rainfall Data in South Jakarta

3.2 Homogeneity Test

The purpose is to test whether the maximum rainfall occurs homogeneously in the entire study
area. If it is not homogeneous, the researchers need to find a homogeneous data set. To determine
homogeneity, it is necessary to calculate the TR value from the x equation. Calculation results
can be seen in Table 2.

Table 2. TR Calculation Results for Annual Maximum Daily Rainfall Homogeneity Test in South Jakarta

Stages of Homogeneity Calculation Result
Total (Ri-R)? 40967.97
Reduce Standard Deviation (Sn) 1.09
Reduced Mean (Yn) 0.53
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Standard Deviation 41.32

/o 37.85

n 106.34
Gumbell Regression Equation 106.3429+37.853x
YO 106.34

Y5 295.60

Y1 144.20

Tr 1.12

Rio 345.00

TR 3.06

Test results show that the data from three rain stations in South Jakarta are homogeneous. From
the calculation, value (N: TR) = (25: 3) obtained, it turns out that the point is within the region of
homogeneity limit (Figure 2), so the data is 25 years homogeneous.
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Fig. 2. Homogeneity of 25 Years of Rainfall Maximum Daily Rainfall in South Jakarta Region
3.3 Maximum Daily Rainfall Analysis

The maximum daily rainfall that will occur during a certain return period can be estimated by
several methods such as the Gumbel method, Log Pearson Type II method and Normal
distribution method. The purpose of this analysis is to obtain a regression line, which is a place
of maximum rainfall value. The calculation results of this method can be seen in Table 3, Table
4, and Table 5.

Table 3. Results of Maximum Daily Rainfall Analysis with the Gumbell Method
Rain Return Periods (Tr) Yt K Xt (mm/day)

037 -0.15 120.34
5 1.50  0.89 162.38
10 2.25 1.58 190.21
15 2.67 196 205.91
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25 3.199 244 225.37
50 390 3.09 251.46
100 4.60 3.73 277.36

Table 4. Results of Calculation of Maximum Daily Rainfall Analysis with Pearson II Log Method

Rain Return Periods K log RT Maximum rainfall
2 -0.11 2.07 117.25
5 0.79 2.18 152.35
10 1.33 2.25 178.13
25 1.96 2.33 213.74
50 2.40 2.38 242.50
100 2.81 244 273.29

Table 5. Results of Calculation of Maximum Daily Rainfall Analysis with the Normal Distribution

Method

T Kt Xt (Rain Return Periods)
2 0.00 126.44

5 0.84 160.44

10 1.28 178.25

25 1.71 195.58

50 2.05 209.42
100 2.33 220.76

The selecting method of the maximum daily rainfall calculating is intended to choose the most
appropriate method for estimating the amount of maximum daily rainfall that occurs in a
particular Rain Return Periods. The results obtained from the three methods used. In selecting
the analysis method of maximum daily rainfall, the Test of Goodness of fit frequency distribution
from the data to the probability distribution function that expected to be able to represent the
frequency, distribution is required. Parameter testing can be done with a compatibility test, Chi-
Square. To conduct this compatibility test, the maximum daily rainfall will be compared based
on the methods used. Chi-Square Test intended to determine whether the equation or method
chosen could represent the statistical distribution of the sample of the analyzed data.

The results show that the Gumbel method provides this criterion. The Gumbel distribution has a
coefficient of Skwennes or Cs=1,14 and a coefficient of kurtosis (Coefficient Kurtosis) or
Ck=5,40, this method usually uses distributions and extreme values with exponential double
distribution [16].

The Determination of Rain Intensity

The final stage of rainfall analysis is the analysis in the form of Intensity Duration Frequency
(IDF), which shows the relationship between the drainage length time and the rain intensity, for
each rain return period. If data for each rain duration is unknown, then an empirical approach
needed to refer to the duration of 60 minutes (1 hour) and the maximum daily rainfall that occurs
each year. Another common way is a pattern taking of rainfall intensity in other cities that have
similar conditions. The methods used are Der Weduwen Hasper Method and Van Breen Method.

Based on the calculation of rainfall intensity, it appears that the highest / largest rainfall intensity
value. The greatest value of rainfall intensity is used in determining the dimensions of drainage
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channels, where the channel should be able to accommodate rainfall with maximum intensity.
The amount of rainfall intensity varies due to the length of rainfall duration or the frequency of
occurrence. For this reason, the selected rainfall intensity was tested with Talbot, Sherman and
Ishiguro equations and then compared. This comparison will form the error gap, the results of
error calculation for each method can be seen in Table 6. The chosen method in determining the
rainfall intensity is Van Breen by comparison with the Talbot equation.

a. Van Breen method

The following equation is derived from rainfall intensity analysis in Java Island to be more
suiteble for Jakarta.

__ 54Rr+0.07Rr?

Iy t,+03Ry (1)

Where,
Ir  :Rainfall intensity at rain return period year T (mm/hour)
Rr : Maximum daily rainfall at rain return period year T (mm/day)

b. Bell Tanimoto method

The rainfall intensity can be calculate using Bell Tanimoto equation as follows.

RL = (0.211nT + 0.52)(0.54t%25 — 0.5)RE3tahun ()
i X R1+R
REgt =% (5) 3

60
I =gt )

Where,

R : Maximum daily rainfall (mm)

T  :Return period year T (year)

¢t  :Rainfall duration (minute)

R; :Maximum daily rainfall on first hour (mm)
R; : Maximum daily rainfall on second hour (mm)

c. Hasper der Weduwen method

The rainfall intensity can be calculate using Hasper der Weduwen equation as follows.

_ 1218
Ri = X (Xt(l—t)+1272t) ®)

If 1 <t <24 hours, then,

_[11300t [ R;
R= \/t+3.12 [m] ©)
If 0 <¢<1 hour, then,
_ 11300 [ R;
R= \/t+3.12 100] )
The rainfall intensity itself is calculated using equation as follows.
=R (8)

t

Where,
¢t :Rainfall duration (hour)
X; :Maximum daily rainfall (mm)
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Most suitable mathod to calculate rainfall intensity is selected with 3 equations, such as Talbot,
Sherman and Ishiguro equations which are influenced by several factors. Those factors are rainfall
intensity, rainfall duration in hours, and the amount of data, with each symbolized as I, t, and N.

a. Talbot equation
a

=2
t+b

Iy rr-y(r?t)y1
- ONZP-ED?
b= TIitRI1-Y(I1%t)N
~ ONZ-(ED?
b. Sherman equation

=2

=m

__ Ylogl¥(logt)?-Y(logtlogl) Y logt

loga = Ny (log )2~ (3 logt)?

__ YlogI¥logt-Y(logtlog )N
~ NX(logt)?~(Tlogt)?

c. Ishiguro equation

a

Jt+b
q = SOOI E-R(V YT
N NY12—(31)?
_ LIWVtRI-F(*VON
T NI2-(ZD)?

I =

Where,

1 :Rainfall intensity (mm/hour)
¢t :Rainfall duration (minute)
N :amount of data

)

(10)

(1n

(12)
(13)
(14

(15)
(16)
(amn

In Figure 3 can be seen the calculation results or intensity—duration—frequency (IDF) curve plot.
This IDF curve will show the relationship between rainfall intensity and the length of rain duration
[17]. According to Narulita, and Marganingrum, the IDF curve is a tool that can be used to
calculate flood discharge plans that needed for the planning of flood control building [18]. In
planning the drainage system in an effective flood risk mitigation effort in Jakarta, the duration
of the design storm is more than 1 day [19]. The need for a combination of flood control
infrastructure can reduce the risk of flood disasters [20]; this importance of plan discharge in the

design.

Table 6. Result of Average Error for Each Calculation Method of Van Breen, Bell Tanimoto and Hasper

der Weduwen

Rain Van Breen Bell Tanimoto Hasper der Weduwen
Return
Peri- Tal- Sher- Ishiguro Talbot Sherman Ishiguro Talbot Sherman Ishiguro
ods bot man
2 0.000 9.983 10.864 2.536 1.510 38.682 11.634 6.573 118.745
5 0.000 11.611 11.221 4.411 2.627 84.470 15.346 6.230 291.400
10 0.000  12.457 11.344 6.044 3.599 62.614 17.684 5.861 138.992
25 0.000  13.344 11.428 8.534 5.083 79.333 20.517 5.587 147.283
50 0000 13.902 11.456  10.681 6.361 94.458 22.541 6.156 152.552
100 0.000  14.389 11.465  13.059 7.778 560.949  24.493 6.610 157.842
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Based on gap comparison in Table 6, Van Breen method with Talbot equation is the most suitable
to determine South Jakarta’s rainfall intensity. Therefore, the result of these calculation, which

can be seen in Table 7, will be used to generate IDF curve.

Table 7. Result of Method of Van Breen with Talbot Equation Calculation

Rain Return Periods 2 5 10 25 50 100
Duration (minute) I (mm/hour)
5 182.768 197.606 206.305 216.572 223.839 230.845
10 162.946 180.778 190.924 202.620 210.739 218.462
20 133.901 154.469 166.149 179.493 188.658 197.294
40 98.712 119.645 131.913 146.134 155.973 165.268
60 78.169 97.634 109.376 123.231 132.941 142.187
80 64.703 82.463 93.416 106.534 115.835 124.763
100 55.195 71.373 81.521 93.822 102.630 111.143
120 48.124 62912 72.313 83.821 92.128 100.204
140 42.658 56.244 64.974 75.746 83.575 91.226
160 38.308 50.855 58.987 69.090 76.476 83.724
180 34.762 46.408 54.011 63.510 70.488 77.362
200 31.818 42.676 49.808 58.763 65.370 71.899
220 29.333 39.500 46.213 54.677 60.944 67.156
240 27.208 36.763 43.102 51.122 57.080 63.000
250 ~
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Fig. 3. IDF graph with Van Breen and Talbot equations
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In designing drainage infrastructure, the use of return periods is very important to get the urgency
of the channel. In macro drainage, an infrastructure design of water resource is applied in the
return period of 20-50 years, then for the application techniques of artificial impregnation will be
using the same return period [21]. According to Masduki, 1988 for micro drainage channels such
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as Housing, Parks, Non-built land, tertiary channels, and secondary channels can use the return
period of 2 to 5 years [22].

The use of a 100-year return period is recommended for the design of macro floods and
watersheds with an area of 1300-6500 ha (Masduki, 1988). An example that has happened is the
Ciliwung watershed that reached 142.5 mm/day on 2 February 2007, which was repeated about
once 100 years [23]. The rain occurrence of which caused flooding in DKI Jakarta in 2013 and
2014, the rain that caused flooding in 2014 is still in the stage of a 2 years return period, while the
2013 flood event is still in the category of annual planned rain [24].

4. Conclusion

Based on rainfall intensity analysis, the Van Breen Method with Talbot equation is the most
suitable method to determine South Jakarta’s Rainfall and it will be used to create IDF curve. The
result of this calculation is rainfall intensity for 2, 5, 10, 25, 50, and 100 years rain return period,
with each range 27.2 — 182.8 mm/hour, 36.8-197.6 mm/hour, 43.1-206.3 mm/hour, 51.1-216.6
mm/hour, 57-223.9 mm/hour, and 63-230.8 mm/hour.
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