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ABSTRACT

IDF Curve is significant for determining the rainfall intensity of design rainfall in calculating design flood
which is cfkial in designing hydrologic structures. The intensity of design rainfall is determined by rainfall
data used. This study aims to analyse the effect of the length of rainfall data on IDF curve. This is done by
comparing IDF curve developed from the entire rainfall data set to some part of rainfall data set. This study
used rainfall data collected from automatic rainfall recorder from Station BMG Radin Inten IT and from
geophysics station Kotabumi. Rainfall data from Station BMG Radin Inten II is grouped into several data sets
with data lengths of 4, 6, 8 and 10 years. While rainfall data from station Kotabumi is also grouped into
several data seﬂvith data lengths of 5,7,9, 11 and 13 years. All the data sets were analysed to determine the
IDF curve for return periods of 2, 5, 10, 25, 50 and 100 years. This study shows that rainfall inensities of
design rainfalls as expressed in IDF curves from station BMG Radin Inten II are higher compared to those
from geophysics station of Kotabumi. In addition, IDF curve developed using longer rainfall data tends to be
more stable dan reflects more possible rainfall events.
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1. INTRODUCTION

Sufficiently long time series of rainfall data is required for designing hydraulic structures. First rainfall data is
analysed to define designed rainfall and then it is transformed into designed runoff which determine the
dimension of hydraulic structures. Therefore rainfE}l data is significant for hydaulic structure design. Rainfall
intensity designs for various rainfall durations and return periods are set in IDF (Intensity — Duration —
Frequency) curve. IDF analysis is conducted to estimate peak discharge in small catchment area, such as for
urban drainage system, curverts and bridges (Triatmodjo, 2008). IDF curve used as the design basis affects the
reliability of hydraulic structures built. If the IDF curve does not represent the actual condition, then the
resulted hydraulic structure becomes ineffective or inefficient.

The quality of the rainfall data largely determines the result of IDF curve analysis. The availability of time
series rainfall data or data length plays an important role too. Different length of rainfall data impacts on
different rainfall designs for the same return period. The shorter the data length the greater the deviation
(Harto, 1993). According to Aslan (1997) time series of rainfall data required for urban drainage design is 10
years at minimal.

IDF analysis conducted in this research used rainfall data collected from automatic rainfall station in
Lampung Province. There are four automatic rainfall stations in Lampung Province, i.e. BMG Maritim
Panjang station, BMG Radin Inten station, Kotabumi geophysics station and Masgar climatology station. Of
the four stations used in this study are rain data from BMG Radin Inten II station and Kotabumi geophysics
station. BMG Radin Inten II station is located in Radin Inten II airport area in South Lampung, while BMG
Kot@umi is located in North Lampung. The selection of the two rain stations due to their location is far apart
and based on the results of the preliminary analysis shows the mean annual rainfall significantly.

Researches on IDF have been done widely which generally can be categorized into two major methods,
using empirical equation to derive daily rainfall data into small rainfall duration and using small duration of
rainfall data to determine rainfall intensity. Susilowati and Kusumastuti (2010) in their research for the
calculation of rain intensity used van Breen method with Talbot equation as reference to form IDF cfffc.
Some other researches which used empirical method for deriving small rainfall durations include Alfieri et al.
(2008). Rashid et al. (2012), Russel and Hossain (2015), Fauziyah et al. (2013), Yulius (2014) and Handayani
(2007). On the other hand, some researches which used small duration recorded rainfall data to develop IDF
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curve were done by Kusumastuti et al. (2016), Adam and Howard (2013) and Moncho et al. (2009). In those
studies recorded rainfall data at small durations are directly converted to rainfall intensity. In the conversion
from rainfall depth (P) to rainfall intensity (I) used the relation I = 60 P/t (Triatmodjo, 2008).

The intensity of extreme rainfall for various return period presented in the IDflirve, was calculated using
frequency analysis. This analysis aims to determine the relationship between the magnitude of extreme events
to the frequency of events by using the probability distribution. The rainfall data used for the fredffhcy
analysis is selected from the complete series of records for several years. Data selection can use either partial
duration series or annual maximum series. Partial duration series is a series of rainfall data that is greater tif)
a certain lower limit value, so that in one year it is possible to have more than one data used for analysis. On
the other hand, the annual maximum series uses only one maximum rainfall data for each year.

In tHEESield of hydrology There are several probability distribution functions used in frequency analysis,
such as normal distribution, log normal, Gumbel and Log Pearson III (Triatmodjo, 2008). Nomil distribution
is symmetrical to the vertical axis and bell-shaped. A normal log distribution is used if the value of the
random variable does not match the normal distribution, but the logarithm value corresponds to the normal
distribution. Gumbel distribution or often called probability distribution of the extreems suitable for maximum
data analysis. The Log Pearson III distribution is used if the statistical parameters Cs and Ck have values other
than the statistical parameters for other distributions (normal, normal logs and Gumbel distributions).

2. METHOD

The data required in this research are rainfall data used in this study is taken from the Hellman type automatic
rain gauge at the following two stations (a) Kotabumi Geophysical Station from 1998 to 2011, with a data
length of 13 years because the data ilm06 did not exist; and (b) BMG Radin Inten II Station from 2001 to
2014, with a dza length of 14 years. Rainfall data used is short-term rainfall data with duration of 5, 10, 15,
30,45, 60, 120 minutes, 3 hours, 6 hours, and 12 hours.

The procedure of this study includes :

1. Grouping rainfall data from BMG Radin Inten into 6 sets of data length, i.e. 4 years (2001-2004), 6 years
(2001-2006), 8§ years (2001-2008), 10 years (2001-2010), 12 years ( 2001-2012) and 14 years (2001-
2014), and rainfall data from Kotabumi Geophysical Station into 5 sets of data length ie 5 years (1998-
2002), 7 years (1998-2004), 9 years (1998-2006) , 11 years (1998-2009) and 13 years (1998-2011). [

2. Conducting a frequency analysis to determine rainfall depth for each duration with return period of 2
years, 5 years, lars, 25 years, 50 years and 100 years.

3. Determining the rain intensity value for each durat{Eh and return period.

4. Drawing intensity duration frequency curve (IDF) for 2, 5, 10, 25, 50 and 100 years of return periods for
each data set according to the length of the rainfall data

5. Comparing IDF curves generated from each set of data lengths with the longest data length in the same
station to determine the effect of data length on IDF curve.

3. RESULT AND DISCUSSION

The maximum rainfallepth per year with various durations for BMG Radin Inten and Kotabumi Geophysics
stations are presented in Table | and Table 2.
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Table 1. The maximum rainfall depth for each duration on BMG Radin Inten 11 2001-2014

Years _a Rainfall Depth for Each Duration (in millimeters)
Smn 10min 15min 30 min 45min 60 min 120 min 3 hr 6 hr 12 hr
2014 100 200 26.0 36.0 40.0 50.0 800 800 800 1010
2013 100 180 26.0 450 50.0 56.0 87.0 900 1150 1600
2012 100 260 30.0 52.0 66.0 76.0 1200 900 1150 1600
2011 11.6 26.8 40.7 59.4 64.5 73.0 90.6 946 985 99.1
2010 190 300 420 63.0 85.0 90.0 1160 1190 119.1 119.1
2009 150 250 35.0 40.0 48.0 72.0 740 748 748 810
2008 100 200 422 52.5 54.2 64.0 706 706 726 726
2007 150 270 30.0 440 58.5 83.0 1030 1070 1130 1130
2006 484 684 72.4 84.2 90.6 1004 101.6 101.6 1016 1016
2005 120 220 29.0 37.7 40.0 40.0 513 600 760 760
2004 160 300 38.0 53.5 58.8 67.3 771 798 848 850
2003 150 270 37.0 50.5 57.4 58.6 68.0 680 680 68.0
2002 500 550 60.0 60.0 85.0 90.0 109.7 1097 1097 1097
2001 300 300 36.4 423 49.8 57.0 664 694 714 71.6
Table 2. Maximum rainfall depth for each duration at Kotabumi Geophysics Station 1998-2011
Years @alini}lll Depth for Each Duration (in millimeters)
Smin 10min 15min 30min 45min 60min 120min 3 hr 6 hr 12 hr
2011 8.0 10.0 150 543 55.6 72.0 720 720 1447 1459
2010 50 10.0 160 400 45.0 49.0 720 805 858 86.0
2009 4.0 10.0 140 230 50.0 63.7 692 692 785 785
2008 5.3 140 200 400 40.0 50.0 900 938 1060 110.2
2007 8.5 10.0 200 360 45.0 65.0 718 746 80.0 812
2005 100 200 300 60.0 75.0 85.0 857 860 860 1025
2004 5.5 10.0 150 400 474 53.0 682 682 977 985
2003 5.2 95 145 300 50.0 50.5 515 580 735 1170
2002 8.6 16.5 250 465 62.0 64.0 745 785 78.6 1048
2001 4.0 11.0 190 360 435 53.2 818 828 834 834
2000 3.0 100 204 320 422 490 508 598 598 598
1999 5.0 10.0 135 310 52.0 66.2 1000 1000 1000 1272
1998 5.0 13.0 180 386 56.0 62.0 1039 1094 112.8 114.1

The maximum rainfall depth for each year with various durations is converted into rainfall intensity. Table
3 and Table 4 presents the maximum rainfall intensity for each duration for BMG Radin Inten II and
Kotabumi Geophysical Station respectively. Rainfall intensities for low durations in BMG Radin Inten II
station are higher than rainfall intensities given the same durations recorded in Kotabumi geophysical station.
The highest rainfall intensity for 5 minutes duration at BMG Radin Inten II station reaches 5 times of the
highest rainfall intensity in the same duration at Kotabumi Geophysics Station. The different intensity of the

rainfall decreases as rainfall duration increases.
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Table 3. The maximum rainfall intensity of each duration on BMG Radin Inten 1I 2001-2014

Years _e Rainfall Intensity for Each Duration (in millimeters)

Smin 10min 15min 30min 45min 60min 120min 3hr 6hr 12hr
2014 1200 1200 1040 72.0 533 500 400 267 133 84
2013 1200 1080  104.0 90.0 66.7 56.0 435 300 192 133
2012 1200 1560 1200 1040 88.0 76.0 60.0 300 192 133
2011 1392 1608 162.8 1188 86.0 730 453 315 164 83
2010 2280 1800 168.0 1260 1133 900 580 397 199 99
2009 1800 1500 1400 80.0 640 720 370 249 125 68
2008 1200 1200 168.8 1050 723 640 353 235 121 6.1
2007 1800 1620 1200 88.0 780 830 515 357 188 94
2006 5808 4104 2896 1684 1208 1004 508 339 169 85
2005 1440 1320 1160 75.4 533 400 257 200 127 63
2004 1920 1800 1520 1070 784 67.3 38.6 266 14.1 7.1
2003 1800 1620 1480 1010 765 586 340 227 113 57
2002 6000 3300 2400 1200 1133 900 549 36.6 183 91
2001 3600 1800 1456 84.6 66.3 570 332 231 119 60

Table 4. The maximum rainfall intensity of each duration at Kotabumi Geophysical Station 1998-201 1

Years _g Rainfall Intensity for Each Duration (in millimeters)

Smin 10min 15min 30min 45min 60min 120 min  3hr 6hr 12hr
2011 960 600 600 1086 74.1 720 360 240 241 122
2010 600 600 64.0 80.0 60.0 490 360 26.8 143 72
2009 480 600 56.0 46.0 66.7 637 346 231 13.1 65
2008 636 840 80.0 80.0 533 500 450 313 177 92
2007 1020 600 80.0 72.0 60.0 650 359 249 133 638
2005 1200 1200 1200 1200 1000 850 429 287 143 85
2004 660 600 60.0 80.0 632 530 34.1 227 163 82
2003 624 570 58.0 60.0 66.7 505 258 193 123 98
2002 1032 990  100.0 93.0 827 64.0 373 262 13.1 87
2001 480 660 76.0 72.0 580 532 409 276 139 70
2000 360 60.0 81.6 640 563 490 299 199 100 50
1999 600 60.0 54.0 62.0 69.3 66.2 50.0 333 167 106
1998 600 780 72.0 77.2 747 620 520 365 188 95

The maximum annual rainfall intensity data for various durations was analyzed usiffiffrequency analysis
method. From the calculation it was fouhat data distribution was in accordance with Log Pearson Tﬂ: 111
distribution. Based on the equation for Log Pearson Type III distribution, rainfall intensity for some return
periods (2, 5, 10, 25, 50 and 100 years) were calculaal and the curve which relates rainfall intensity and
duration for various return periods were determined. Regression analysis was done to define the equation

which represent data distribution for the IDF curve.

Rainfall intensity data at BMG Radin Inten station significantly higher than Kotabumi Geophysics Station
(Table 3 and Table 4) has the consequence that the rain intensity from IDF curves for the same duration and

return period is higher than that from BMG Radin Inten station.
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Figure 1. IDF curves for BMG Radin Inten II station using data length (a) 4 years (2001-2004), (b) 6 years (2001-2006),
(c) 8 years (2001-2008), (d) 10 years (2001-2010), (e) 12 years (2001-2012) and (f) 14 years (2001-2014)
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Figure 2. IDF curve for Kotabumi geophysical station using data length (a) 5 years (1998-2002), (b) 7 years (1998-2004),
(c) 9 years (1998-2006), (d) 11 years (1998-2008) and (e) 13 years (1998-2001).

The effect of data length on the IDF curve is done by calculating the percentage of differences of rain
intensity values resulted from regression analysis for the same duration and return period for a certain length
of data data length compared to the longest data set on the station. For BMG Radin Inten II station the longest
data set is 14 years of data, while other data sets have data length of 4, 6, 8, 10 and 12 years. The mean
percentage of each data set compared to the longest data set for BMG Radin Inten II station is shown in Figure
3. It shows that for long data sets, i.e. 10 and 12 years, the differences of rainfall intensities from those data
sets compared to those in the longest data set are small. Data set with 8 years data length indicates consistency
of increasing values as return period increases, while data sets with data length less than 8 years do not show
consistency of difference of rain intensity to rew period.

The same trend is shown in the percentage of rainfall intensity difference of each data set compared to the
longest data set on the Kotabumi geophysical station as shown in Figure 4. On the long data set, which is 9
and 11 years, shows the consistency of increasing difference of rainfall intensity values as return period
increases. On data sets shorter than 9 years, there is no such consistency.
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Figure 4. Percentage of mean difference of rain intensity and its return period for each length of Kotabumi Geophysics
Station data

4. CONCLUSIONS

The IDF curves generated from analysing rainfall data from BMG Radin Inten II station and Kotabumi
geophysical station show that the length of the data influences the IDF curve. The intensity of rainfall on IDF
curves resulting from relatively long data tends to be more stable, as it reflects various possible rain events.
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