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Abstract: This study investigates rainfall intensity distribution in Way Awi watershed located
in Bandar Lampung, and how their impacts on flood peak and flood hydrographs. Hourly
rainfall data is examined to obtain design rainfall intensity and rainfall intensity distribution at
rainfall duration from three to eight hours. Rainfall-runoff model, i.e. Rational method is used to
caleulate flood peak while unit hydrograph method is used to develop flood hydrograph. This
study shows that in Way Awi watershed 88.3% to 96.4% of 24-hour rain occurs in three to eight
hour durations. In addition, rainfall with three hour duration generates the highest flood peak,
followed by four hour duration rainfall. When rainfall duration and design rainfall intensity are
the same but rainfall intensity distribution is different, generated flood hydrograph may have
different flood peak magnitude and timing. Result of this study is useful for flood analysis and
mitigation in Way Awi watershed.
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Introduction

In addition to land use and topography, rainfall
properties such as intensity and duration of rainfalls,
interstorm period, and within-rainfall pattern are
the main factor in determining flood pe -5). It is
not only the total amount of rainfall that causes
destruction to nature and buildings but also high
peaks of rainfall intensity during short period of time
[1-5]. Rainfall intensity is a measure of the amount
of rain (rainfall depth) that falls during a given
period and usually used to caleulate flood peak or
flood hydrograph. It is common in engineering
practice to specify a mfa]] event as design rainfall
(unit in mm) which must reflect required levels of
protection, 1 climate, and watershed conditions
as well as to ensure safe, economical and stan-
dardized design of hydraulic structures. .

7

Design rainfall intensity distributions are used to
represent the typical variation of design rainfall
intensities during a typical rainfall event. A number
of hydrology analyses in Indonesia used an assump-
tion of rainfall intensity distribution to determine
flood peak or flood hydrograph [6,7].
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One of the assumptions used is based on Van Breen
observation using rainfall data of Java Island [8-10],
assuming that 90% of the rain falls in o v (24
hours) are concentrated within four hours. It is also
assumed that the temporal rainfall intensity
distribution in[le four hour duration is 10%, 40%,
40%, and 10% for the first, second, third, and fourth
hours respectively.

Based on the assumption of rainfall intensity distri-
bution described above, design rainfall intensity
usually is considered as 40% of the 90% design
rainfall. The value of 40% is taken account as
the highest rainfall intensity and can be used to
calculate peak flow such as in the Rational method
[10]. However, the assumption of rainfall intensity
distribution may not be appropriate to be applied in
a particular watershed without further study on
rainfall intensity distribution of the watershed.
Hence, one needs to investigate rainfall intensity
distribution pattern in order to define design rainfall
intensity. As it is suggested earlier, determining
rainfall intensity is essential in estimating flood peak
in a particular watershed. .
1
Method used to predict runoff (depth/discharge) are
broadly categdfled as either peak-flow or continuous-
flow models. Continuous flow models estimate the
variation of runoff over time. Peak flow models
estimate only peak runoff magnitudes, which is typi-
cally sufficient for the design of many stormwater
conveyance systems. While several model exist,
Rational method is by far the most common method
for estilnting peak runoff in urban applications
[11,12]. Rational method is based on the principle
that the maximum rate of runoff from a drainage
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basin occurs when all parts of the watersheds
contribute to flow and that rainfall is distributed
uniformly over the watershed area. Design rainfall
intensity is one of the key parameters in determining
flood peak using the Rational method.

Design rainfall intensity is important to determine
peak flow in flood peak model such as Rational
method, Whil(nra.infa]] intensity distribution is
important in continuous flow model For larger
watershed area in which channel storage may be
significant, simple peak-flow methods are not
sufficient for the evaluation of runoff In this case,
response to rainfall events tend to be slower, and it is
nece to evaluate the variation of runoff over
time. In this respect, Unit Hydrograph Models are
the most widelifused techniques for evaluating
runoff [11]. The unit hydrograph reflects the ensem-
ble @ithe physical characteristics of the watershed.
The unit hydrograph (UH) of a watershed is defined
as the hydrograph resulting from an effective rainfall
of 1 mm evenly ributed over the basin during a
certain time [13]. For a particular reference duration
of effective rainfall, the ordinates of the hydrograph
are p rtional to rainfall. The temporal distri-
bution of rainfall intensity within the design rainfall
is an important factor that affects the runoff volume
and magnitude and timing of the peak discharge.

This study examines rainfall data in Way Awi
watershed to find out temporal rainfall intensity
distribution as well as design rainfall intensity.
Based on the findings, flood design will be calculated
using rainfall-runoff methods. The aims of this study
are (1) to investigate design rainfall intensity and
temporal all intensity distribution, (2) to inves-
tigate the impact of rainfall intensmilistributiﬁn on
flood peaks, (3) to investigate the impact of rainfall
intensity distribution on flood hydrograph.

Method

The study area is Way Awi watershed, located in
Bandar Lampung city, Lampung Province (Figure
1). The area of the watershed is 7.967 km?.
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Figure 1. Way Awi watershed [14]

The research method includes analysis of design
rainfall intensity, rainfall intensity distribution, and
flood design. There are two methods used in deter-
mining flood design, (1) defining the peak discharge
using Rational method and (2) defining the flood
hydrograph using derived unit hydrograph method.

Analysis for Rainfall Intensity Distribution

Ehries of hourly rainfall data from 2000 — 2014 were
obtained from the Meteorological and Geophysics
Berueu Panjang, Lampung Province [15]. A whole
year missing data was found in 2002 due to
raingauge failure. The average annual rainfall was
approximately 1670 mm. The series of hourly rain-
fall data was grouped according to rainfall durations,
with the shortest and longest durations are three
and eight hours respectively. An example of rainfall
events with duration of three, four, and five hours
are presented in Figure 2.a to ¢ respectively.

Figures 2a shows an example of a rainfall event with
a duration of 3 hours. It shows that there are some
other rains occur during 24 hours or one day.
However, it cannot be considered as a storm event,
as the duration of the rain less than 3 hours. In
addition, the minimum rainfall depth considered in
the analysis is 20 mm/day. According to Triatmodjo
[13], rainfall depth 20 — 50 mm/day is considered as
normal rain and above 50 mm/day is considered as
heavy rain. Rainfall depth less than 20 mm is
considered as light rain. Figure 2b and 2¢ show
examples of rainfall events with four and five hour
durations respectively. Similarly there may be some
other rainfalls during 24 hours.

The rainfall depth of the three hour duration rainfall
event presented in Figure 2a is 22.5 mm, while the
rainfall depth within 24 hours is 26.5 mm. Therefore
the percentage of accumulative rainfall depth
compared to 24-hour rainfall depth is 84.9%. In
Figure 2b the rainfall depth of the four hour duration
rainfall event is 22.5 mm and the rainfall depth
within 24 hours is 25 mm giving the percentage of
accumulative rainfall depth compared to 24-hour
rainfall depth as 90%. Similarly, the rainfall depth
of the five hour duration rainfall event as shown in
Figure 2c is 22.5 mm, while that of 24 hours is
24.575 mm. Thus the percentage of accumulative
rainfall depth compared to 24-hour rainfall depth is
91.56%.

Analysis of rainfall intensity distribution for each
rainfall duration initially was done by calculating the
percentage of rainfall depth occurring in a particular
rainfall event compared to total rainfall depth occurs
during that day (within 24 hours). Next, the
percentage of hourly rainfall intensity distribution is
calculated by dividing each hourly rainfall to the
rainfall depth of the same day.
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Figure 2. Example of Temporal Rainfall Intensity Distri-
bution Within one Day where Rainfall is Concentrated
Within (a) three hours, (b) four hours, (¢) five hours

Design Rainfall Intensity and Design Rainfall

Design rainfall intensity is defined as the highest
rainfall intensity within hourly rainfall intensity
distribution. Prior to calculating the value of design
rainfall intensity, one needs to determine design
rainfall. Design rainf{R}is calculated using frequency
analyses which are used to estimate the probability
of the occurrence of a given hydrologic event. Data
required for design rainfall is maximum daily
rainfall in a year. The calculation of the magnitudes
of extreme events uses suitable probability dis-
tribution for avaj]ableta, which the probability
distribution can be Normal, Log Normal, Log
Pearson Type III or Gumbel distribution.

Runoff Estimation using Rational Method

Application of Rational method is based on a simple
formula that relates runoff of the watershed, Q
(m?¥sec), rainfall intensity for a particular length of
time (the time of concentration), I (mm/hour), and
the watershed drainage area, A (km?), [10,11] shown
in Equation 1

Q=0.27§ CTA

where, C is the runoff coefficient (dimensionless).

)

Land use of Way Awi watershed consists of 60%
residential area, 32% vacant land, 2% road, and 6%
other buildings [14]. Based on that land use and
runoff coefficients, the average runoff coefficient of
the watershed is 0.584 [13].

Determination of Design Flood using Derived
Unit Hydrograph Method

The peak discharges of a streamflow due to rainfall
can be obtained from the multiplication of design
rainfall with unit hydrograph, either a derived or
synthetic unit hydrograh. In this research a derived
unit hydrograph for Way Awi watershed was
obtained from previous work by Kusumastuti and
Jokowinarno [16] as presented in Figure 3. Detail
description about derived unit hydrograph is
explained by Chow et al. [17]. If there are m pulses of
effective rainfall and n pulses of direct runofffE) the
rainfall event considered, derivation of a unit
hydrograph includes the computation of direct runoff
@ given effective rainfall P, and the unit hydro-
graph U,_m—1. According to Chow et al. [17] the
equation to caleulate derived unit hydrograph is
presented in Equation 2:

Q= Enmin; P Up-m-1

This unit hydrograph will be used to calculate design
flood hydrograph using rainfall intensity distribution
obtained from this research.
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Figure 3. Observed Unit Hydrograph of Way Awi Water-
shed and Corresponding Hyetograph [16]

Result and Discussion

Parameters of rainfall data investigated in this study
includes number of events within 14 year rainfall
data series, maximum rainfall depth, minimuff)
rainfall depth, and the percentage of rainfall depth of
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the rainfall event compared to total rainfall within
24 hours. Table 1 shows the characteristics of
rainfall data in Way Awi watershed. Among other
rainfall durations, rainfall event of three-hour
occurred more often compared to rainfall event at
longer durations. Rainfall event with the duration of
one and two hours are not taken into account as the
duration is too short and in most events, they are
followed by another rainfall event which have longer
rainfall duration and higher rainfall depth. Previous
work done by Robinson and Sivapalan [1] also
considered a rainfall event to have duration at least
3 hours.

The result presented in Table 1 shows that number
of rainfall event decreases at longer rainfall dura-
tion. In addition, the result shows the highest maxi-
mum total rainfall is produced by 4-hour rainfall,
followed by 3-hour rainfall. General trend of rainfall
data demonstrates that the maximum rainfall depth
increases until duration of four hours then decreases.
In contrast, the minimum rainfall depth increases as
the rainfall duration increases.

Rainfall depth of the rainfall event compared to
accumulative rainfall depth within 24 hours shows
that the percentage ranges from 88% to 96%. It
means that most rain falls at that particular rainfall
event. This result is in line with Van Breen method
[8-10] which considered that 90 percents of one-day
rain falls within certain rainfall duration.

Table 1. Rainfall Parameters

Rainfall data Unit Duration (hours)
parameters 3 4 5 6 T 8
Number of events

(2000-2014) 55 47 20 15 8 5
Minimum rainfall

depth mm 20 20 212 238 32.9 39.6
Maximum rainfall

depth mm 104.1 145.876.3 98 83.8 82
24-hour rainfall

depth mm 1153 153.886.4 1040 86.9 88.1
Percentage of

rainfall depth

compared to 24-

hour rainfall

depth % 903 94.8 88.3 94.2 96.4 93.1

The hourly rainfall intensity distribution for each
duration is presented in Figure 4. The hourly rainfall
intensity distribution is obtained by averaging
rainfall intensities for the same hour for all rainfall
events with the same duration. For example for the
three hour rainfall duration, the first hourly rainfall
intensity is obtained by averaging the rainfall
intensity at the first hour of all rainfall events with
three hour rainfall duration. The rainfall intensity at

the second and third hours are calculated in the
same way.

For rainfall durations of three to six hour (Figures
4a-d) the first two hours are 12% to 37% higher
compared to the next hours. The highest rainfall
intensity occurs at the second hour except for rainfall
duration of four hours (Figure 4b), where the highest
rainfall intensity occurs at the first hour. Rainfall
intensity distributions for the rainfall durations of
seven and eight hours (Figure 4ef) show different
trend, where the highest rainfall intensity does not
differ considerably compared to the rest of the hourly
rainfall intensities. For rainfall duration of seven
hours the hourly rainfall intensities are distributed
between 5% to 23% (Figure 4e). For rainfall duration
of eight hours the hourly rainfall intensities at the
first to the fifth hours are distributed between 12%
to 22%, while the rest hourly rainfall intensities are
2% to 5% (Figure 4f). The result demonstrates that
shorter period of rainfall tends to have high rainfall
intensity. A preliminary work by Kusumastuti et al.
[17] on the characteristics of rainfall intensity
distribution which used shorter length of rainfall
data shows similar trend.

For rainfall duration of four hours, the highest
percentage of rainfall depth distribution obtained
from this research was 40% (Figure 4b). That value
is the same as the percentage of the highest value as
in Van Breen's method. The difference between the
result of this study and Van Breen method is in the
hourly rainfall intensity distribution. Usually rain-
fall intensity distribution used was low in first hour,
and significantly high in the second and third hours
and considerably dedfhses in the fourth hour, ie.
10%, 40%, 40%, 10% for the first, second, third, and
fourth hours respectively. While the results of the
study show that the distribution pattern was hia in
beginning hours and lower toward the end, i.e. 40%,
35%, 20% and 5% for the first, second, third, and
fourth hours respectively (Figure 4b).

The design rainfall intensifZ3ks calculated based on
the design rainfall. The annual maximum daily
EEhfall data used to calculate design rainfall is
presented in Table 2.

Table 2. Annual Maximum of Daily Rainfall Data

Annual Maximum Annual Maximum

Year Year

(mm) (mm)
2000 62.1 2008 119.3
2001 49,5 2009 79.6
2003 145.8 2010 93
2004 72 2011 T76.4
2005 76.5 2012 84.8
2006 62.3 2013 92
2007 109.5 2014 78
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Figure 4. Rainfall Depth Distribution for Rainfall Durations Three to Eight Hours

(8]

Statistical analysis of the annual maximum of daily
rainfall data gives the average of annual maximum
(vavr) of 85.771 mm, standard deviation (o) 25.224,
coefficient of variance (Cy) 0.294, coefficient of skew-
ness (Cs) 1.058, and coefficient of kurtosis (Ck) 4.789.
Using those statistical parameters for selecting
appropriate probability distribution as described in
Triatmodjo [13], it{{found that the suitable proba-
bility distribution is Log n Type I Design
rainfall intensity using Log Pearson Type III is
calculated using the Equation 3:

35

Y=Yarr KT 0 3
where y is the design rainfall for a certain return
period, yaw 18 the average of annual maximum, KT is
statistical coefficient for Log Pearson I1I, and o is
standard deviation. The design rainfall for return
periods two, five and ten years are calculated as
81.4006 mm, @1012 mm, and 119.5865 mm
respectively as shown in Table 3.
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Table 3. Calculated Design Rainfall

Return period (Year) KT v (mm)
2 -0.1733 81.4006
5 0.7505 104.7012
10 1.3406 119.5865

Using these findings, design rainfall intensity for
Way Awi watershed can be calculated as 40% of 90%
of design rainfall (in one day). Thus calculated design
rainfall intensity for two, five, and ten year return
periods are 29.304 mm/hour, 37.692 mm/Mhour, and
43.051 mm/hour respectively.

Flood peaks calculated using Rational method at
rainfall durations of three to eight hours are
presented in Figure 5. It shows that using Rational
method, rainfall intensity distribution does not give
any impact on determining flood peak. Rather,
design rainfall intensity which is obtained from the
highest intensity within rainfall intensity distribu-
tion determine flood peak. The percentages of the
highest intensity from the rainfall events (Figure 4)
are 50, 40, 31, 32, 20, and 22 percents for durations
of 3, 4, 5, 6, 7, and 8 hours respectively and those
values are manifested in the flood peaks as
presented in Figure 5. In addition flood peaks
calculated using rainfall duration of four hours and
using van Breen method as presented in Figure 5
have the same values. This is due to the highest
rainfall intensities within rainfall intensity distri-
butions at the duration of four hours as presented in
Figure 4b and using Van Breen method are the
same, 1.e. 40% of rainfall depth.
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Figure 5. Flood Peaks in Way Awi Watershed Computed
using Rational Method

The hydrographs generated using rainfall intensity
distribution for rainfall durations of three to eight
hours are presented in Figure 6. The hydrographs
generated using rainfall intensity distributions for
rainfall durations three, four, five, and six hours
have the same time to peaks, i.e. two hours. This is
due to rainfall intensity distribution patterns which
have high rainfall intensities at first and second

hours. Rainfall intensity distribution patterns are
different from those for rainfall durations of seven
and eight hours. High rainfall intensities at second,
third, and sixth hours for rainfall duration of seven
hour influence time to peak, flood peak as well as the
shape of the hydrograph. Similarly, high rainfall
intensities at second, third, and forth hours for
rainfall duration of eight hours have an impact on
significant variable of the hydrograph as mentioned
above. Clearly, using unit hydrograph method
rainfall intensity distributiofilletermines not only
flood peak but also time to peak and shape of the
hydrograph as well as the recession time.
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Figure 6. The Hydrographs Generated using Rainfall
Intensity Distribution

The highest rainfall intensity at each duration
effects on the magnitude of flood peak as it is
demonstrated in Figure 6 that the order of the
highest flood peaks are generated by rainfall
durations of three, four, six, five, eight, and seven
hours respectively. Figure 6 also shows that flood
hydrograph generated using van Breen rainfall
intensity distribution is different from the one
generated using rainfall duration of four hours since
rainfall intensity distributions obtained from those
methods are different.

Conclusion

This study emphasizes the importance of analysis of
rainfall intensity distribution for a watershed. Using
infa]] durations of three to eight hours, it is found
that in Way Awi watershed, 88.3% to 96.4 % of 24-
hour rain, falls within those durations. The selection
of appropriate rainfall duration and corresponding
rainfall intensity distribution is significant to calcu-
late flood peak or flood hydrograph. Shorter rainfall
duration tends to have significantly high rainfall
intensity at the first and second hours and con-
sequently have higher design rainfall intensity.
Rainfall durations of three and four hours produce
the highest flood peaks. Longer rainfall durations
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(ie. seven and eight hours) tend to have similar
rainfall intensities among hours. Therefore flood
peaks resulted from rainfalls with those durations
are lower than resulal from the shorter duration of
rainfall. Although rainfall duration and design
rainfall intensity are the same, different rainfall
intensity distributions may lead to different flood
hydrographs. The significance of rainfall intensity
and rainfall intensity distribution on the magnitude
and time to peak of flood is widely known in hydro-
logy area; however, the result provides information
to develop flood analysis for a particular watershed
in Indonesia, which in this study is Way Awi
watershed.
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