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Abstract

The data for this research is compiled from the
records of hourly rainfall between 1993 to 2014 which
was generated from several. Automatic Rainfall
Stations namely; Ayong-Bumbung Climatology
Station, Sangkub-Huntuk climatology station, and
Sangkub-Pangkusa Climatology Station. The data was
then analysed using statistical methods. Rainfall
distribution pattern is based on heavy rainfall
recorded by automatic rainfall measuring device. The
rainfall data used here are the ones with rainfall
depth of more than 50mm. All the data are then
analysed to obtain the frequency of occurrence of
each of the rainfall duration. From the result of
frequency analysis, it is then determined that certain
rainfall duration represents the general rainfall
condition in the research area. Research will show
that rainfall pattern on the Northern Coast of Bolaang
Mongondow, for heavy storm have a tendency of 7
hour duration, with 22% distribution for the first hour,
28% distribution for the second hour, 19%
distribution for the third hour, 15% for the fourth
hour, 7% for the fifth hour, 6% for the sixth hour, and
3% for the seventh hour.

Keywords — hourly rainfall pattern, Northern Coast
of Bolaang Mongondow

I. INTRODUCTION

In the analysis of design flood for ungauged
catchment, the rainfall input at the river basin is
transformed into output which constitutes the design
flood of the river. The daily design rainfall value must
be converted into hourly rainfall value for the purpose
of analyzing design flood. One method of converting
daily rainfall into hourly rainfall is by distributing
them in accordance to the rainfall distribution pattern
of the local region. Currently, however, no research on
the rainfall distribution pattern for the region of the
northern coast of Bolaang Mongondow has ever been
conducted. The analysis of rainfall distribution
patterns still using results of analysis from the region
of Java which is at risk at being inaccurate. It is
therefore necessary to determine the rainfall pattern
for the Northern Coast of Bolaang Mongondow, so
that the rainfall pattern of the region can be used in the
analysis of transforming daily rainfall pattern in to
hourly rainfall pattern.

The current problem is the unavailability of rainfall
pattern for the Northern Coast of Bolaang
Mongondow region, analysis is therefore still using
the rainfall pattern of Java which is not necessarily
accurate hence the result may not be suitabl.

Fig 1: Area of Research

1. LITERATURE REVIEW

In the flood flow calculation, the input required is
design flood which is distributed into hourly rainfall
depth (hyetograph). In order to convert design flood
into hourly rainfall value, a pattern of hourly
distribution is required. Several methods can be used
to obtain the pattern such as: when only daily rainfall
data is available, rainfall distribution model can be
used to obtain hourly rainfall depth from the design
flood. Rainfall distribution model which has been
developed to convert daily rainfall to hourly rainfall
pattern is, for instance, uniformed rainfall distribution,
triangle, and Alternating Block Method (ABN).

If rainfall data from automatic rainfall post is
available then hourly rainfall distribution pattern can
be obtained through observation on heavy rainfall
occurrences. Rainfall distribution pattern is then
spread evenly to obtain the average rainfall
distribution pattern which is then assumed to represent
the general rainfall condition and then used as pattern
to distribute design flood into hourly rainfall value.
Tadashi Tanimoto (1969) developed hourly rainfall
distribution used on Java island as shown in Table 1
and Figure 2.

TABLE 1 Rainfall Distribution on Java Island
According to Tadashi Tanimoto

Hour 1 2 3 4 5 6 7 8
% of 26 | 24 | 17 | 13 7 55 4 35
Distrib
ution
% of 26 | 50 | 67 | 80 | 87 | 925 96.5 | 100

ISSN: 2348 — 8352

http://www.internationaljournalssrg.org

Page 1




SSRG International Journal of Civil Engineering ( SSRG -

Cum.
Distrib
ution

Waktu {(jam ke-)

Fig 2: Tadashi Tanimoto’s Rainfall Distribution

By analyzing data from measured rainfall
occurrences, typical time of rainfall recurrence can be
obtained. Huff (1967) found correlation between time
and distribution for heavy rainfall on an area the size
of 400 mi® on lllinois. Time distribution pattern is
divided into four groups of probability, from the driest
in the first group, to the dampest in the fourth group.
Figure 3 displays selected histograms of the first
group for 10, 50, 90 % cumulative occurrence
probability, each of which illustrate percentage of total
for every 10 % rise from the entire rainfall duration.
Histogram 50 % represents cumulative rainfall pattern
which occurred in more than half of rainfall
occurrences. This histogram 50% has been used in the
ILLUDAS storm drainage simulation model by
Terstriep and Stall (1974).

10% Probabitity

. asTL =54 w
Fig 3: Huff’s Distribution Pattern

US Department of Agriculture, SCS 1986 built a
synthetic rainfall hyetographs to be used in America
from rainfall occurrences with the durations of 6 and
24 hours. Pilgrim and Cordery 1975 developed
hyetograph analysis method based on ranking of time
interval in every rainfall occurrences with the rainfall
depth of the occurrence. Repeated analysis was
conducted on many rainfall occurrences on the
research area. Typical form of hyetograph was then
acquired by adding up the ranking of each intervals.
This approach is a standard method at the Australian
hydrologic design (The Institution of Engineers
Australia, 1987).

Prayoga (2004) conducted a research on rainfall
pattern at the river basin of Cimanuk West Java.
Rainfall distribution pattern was based on heavy
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rainfall recorded by automatic rainfall measuring
device. Rainfall data used was the ones above 50 mm
in depth which was considered equivalent to a one
year repetition period. All the data were then analyzed
to obtain occurrence frequency of each of the rainfall
duration. From the frequency analysis result it is then
established that certain rainfall duration is the duration
that represents general rainfall condition in the area of
research. This hourly rainfall data is then presented in
the form of cumulative percentage of rainfall depth,
and described in the form of rainfall profile curve and
its rainfall profile determined as shown in Figure 4.
This average rainfall profile is the rainfall distribution
pattern of the research area, which can be stated in the
average graphic.
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Fig 4: Rainfall Distribution Profile of
Cimanuk River Basin

I11. RESEARCH METHODOLOGY

This research is projected to take place for one year,
by analyzing rainfall pattern of the Northen Coast of
Bolaang Mongondow. Automatic rainfall stations
selected were: Ayong-Bumbung climatology station,
Sangkub-Huntuk climatology station, and Sangkub-
Pangkusa climatology station. Data analysis begins
with selection of rainfall data, conducting data
analysis to generating histogram of hourly rainfall
distribution pattern. Rainfall occurrence is the time
when the rainfall occurs in hour or minute. The

following figure is an example of rainfall selection.
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Fig 5 Example of Rainfall Data
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The exhibit above illustrates rainfall coloured in red as
the one with < 50 mm in depth, while the rainfall
occurrence in blue as > 50 mm. Therefore in the
selection period only the blue coloured data is used,
and this also applies on data of other occurrences,
thereafter these occurrence data are listed into one.
The list of rainfall with depth of > 50 mm can be seen
in Fig. 6.
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Fig 6: Resume Example of Selected Rainfall — Analysis
Result

Accumulation of rainfall depth is conducted based
on the resume of selected rainfall from Table 2.
Selected rainfall occurrences are then accumulated by
its rainfall depth per occurrence until the occurrence
has the total hour similar to the total hour of the
occurrence with the longest hour. In this research the
occurrence with the longest hour came from ARR
Sangkub-Huntuk on November 23, 2008 with the total
hour of 10 hours, therefore all selected rainfall
occurrences will be accumulated into 10 hours.

The following is an example of calculation for
accumulating rainfall depth in one occurrence. Taken
for a sample is a record of occurrence in Januari 6,
2015 from meteorological station of Sam Ratulangi
with rainfall depth as follow.

TABLE 2 Rainfall Depth Sample

Hour Depth (mm)
1 9.6

9.2

0.3

97

97

97

3.8

1.4

(N[O (w|N

After rainfall depth data in Table 3 is accumulated,
result is shown in Table 3.

TABLE 3 Cummulative Depth Sample

Hour Depth (mm) Cum. Depth (mm)
1 9.6 9.6
2 9.2 18.8
3 0.3 19.1
4 97 116.1

5 97 213.1
6 97 310.1
7 3.8 313.9
8 14 3153

This formula of calculation is run on the entire
selected rainfall occurrences, the accumulated result of
which can be seen in Fig. 7.

The average of rainfall depth in this research is
average value of the entire rainfall depth of the
selected rainfall depth, which is calculated by
averaging rainfall depth of every hour of the entire
selected rainfall occurrences. In this research 10
measure of rainfall depth is set for every available
rainfall occurrences, producing 10 data of rainfall
depth average. The rainfall depth average can be
obtained using the formula of:

Y—lzx
t_n t

Where: X; = rainfall depth average on the-t hour; n =
quantity of rainfall occurrence; X; = rainfall depth on
the-t hour.

The result of overall average rainfall depth calculation
using the formula is enclosed in Fig. 8.

Mass and weight calculation is a calculation to find
the value of the weight of rainfall depth on the t-hour.
Mass weight can be obtained by finding the difference
between rainfall depth average on the t-hour, and
rainfall depth of previous hour. Mass weight is
calculated by the following formula:

BM, =X, — X,

Where: BM, = mass weight of t-hour; X, = rainfall
depth average of t-hour; X, = rainfall depth average
of previous t-hour.
The result of the entire calculation of average rainfall
depth mass weight using the above formula is
enclosed in Fig. 9.

No X1 X2 X3 X4 X5 | X6 X7 X8 X9 X10

1 25 5.2 13.2 21.2 282 34.2 40.2 45.2 54.2 54.2
2 0.8 9.8 338 3.1 354 6.0 50.5 56.5 620 62.0
3 51.9 54.3 4.3 543 543 54.3 4.3 §4.3 543 543
4 0.3 0.8 21.5 33.2 47.6 53.3 57.9 60.4 60.8 61.3
3 10 30 30.7 40.3 8.5 68.5 68.5 68.3 68.5 68.5
-] 20 49.7 69.5 892 1142 | 1142 1142 | 1142 1142 [ 1142
7 31.6 56 39 60 70.8 74.1 T4.1 74.1 74.1 74.1
3 122 514 1004 | 1964 1074 | 1974 1074 | 1974 1974 [ 1974
9 30 50 537 614 654 67.2 67.2 672 672 67.2
10 40.6 65.4 69.4 n.2 133 73.5 13.5 73.5 735 735
11 8 38 38 64.2 64.2 642 64.2 64.2 64.2 642
12 27 22.9 329 529 529 529 52.9 52.9 529 529
13 38 117.8 | 1193 | 1198 1209 | 1209 | 1209 | 1209 1200 | 1209
14 40 51 67.1 67.1 67.1 67.1 67.1 67.1 67.1 67.1
15 10 315 41.9 474 324 51.3 503 60.2 60.8 60.8
16 187 3135 49 64 66 74.5 76.8 76.8 76.8 76.8
17 46 72.6 72.6 7.6 726 7246 12.6 2.6 726 726
18 26 326 526 571 57.1 57.1 57.1 57.1 571 57.1
19 40 52.7 53.5 5335 5335 53.5 53.5 535 515 53.5
20 53 63 64.5 64.5 64.5 4.5 64.5 64.5 64.5 64.5
21 38 63.8 638 63.8 638 63.8 63.8 63.8 63.8 638
22 59.5 30.5 50.5 50.5 39.5 39.5 50.5 39.5 395 59.5
23 54 542 57.6 516 57.6 57.6 57.6 516 57.6 57.6
] 10 60 76 76 76 76 76 76 76 76

25 5 75 890.5 103 105 118 1219 | 121.9 121.9 [ 1219
26 6.5 235 285 333 36.5 54.5 38.5 61 61 61

27 24 4.4 84 384 584 874 4.4 1004 1004 | 1004
28 14 6 16 256 352 4.7 4.1 56.2 56.2 56.2
29 9.6 18.8 19.1 116.1 | 213.1 | 3101 3139 | 3153 | 3153 | 3153

Fig 7: Accumulation of Selected Rainfall Occurences —
Analysis Result
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TABLE 4 Rainfall Distribution — Analysis Result

Fig 8: Average Rainfall Depth — Analysis Result

The percentage of rainfall depth is percentage value of
rainfall depth mass weight. Rainfall depth percentage
can be calculated with the following formula:

P, (%) B 100%

)= (i
‘ BMTOTAL
Where: Py(%) = rainfall depth percentage of t-hour;
BM; = mass weight of t-hour; BMtgraL = mass weight
total of the entire hour.
The result of the entire calculation of depth percentage
is enclosed in Fig. 10.

No L X2 s [ 5 46 X7 X8 %9 %10

1 25 52 132 212 282 382 402 452 54.2 542

2 08 98 338 341 354 460 505 555 620 620

] 519 543 543 543 543 543 543 543 543 543

4 03 08 215 332 476 533 579 604 608 613

S 10 30 39.7 433 685 685 685 685 685 6B.5

] 20 497 695 892 1142 1142 1142 1142 1142 1142
7 316 56 50 60 708 781 741 741 74.1 7a.1

8 122 514 | 1004 | 1964 | 1974 | 2574 | 1978 | 1974 | 1974 | 1974
] 30 50 537 614 654 672 67.2 672 672 67.2
10 405 654 694 722 733 755 755 738 735 735
28 14 3 16 256 352 47 541 562 56.2 56.2
3 86 188 191 | 1161 | 2131 | 3301 | 3135 | 3153 | 8158 | 3153
30 04 204 304 50.4 604 604 604 604 60.4 60.4
31 1 24 51 51 51 51 51 51 51 51

32 40 70 75 75 75 75 75 75 75 75

33 25 10 40 s9 59 59 53 58 59 59

34 7 10 195 285 375 465 555 582 589 589
35 204 604 704 1364 1364 1364 1364 1364 1364 1364
36 13 113 1412 1494 149 4 1494 149 4 1494 1494 1494
37 a4 102 502 536 536 536 536 536 536 536
38 20 S0 60 702 736 736 736 736 736 736
35 21 52 55 542 55 573 574 582 582 58.2
40 85 91 99.1 1024 102.4 102.4 1024 1024 1024 1024
41 57 953 953 359 | %59 959 959 955 | 959 959
42 38 638 (L] 76 85.2 928 957 937 93.7 93.7
3 757.1] 17445| 2.3999| 29099 3.1658| 3.3922] 3.449.7| 3.4796) 3.4958 3.496.3|
X 180262 415357) 57.1405) 69.2833| 75.3762| B07667| 821357| 828476 832333 83.2452)

Bobot Massa 18.0262| 23.5095] 15.6048 121429| 6.09286 539048) 136905 07119 0.38571] 00119

Fig 9: Average Rainfall Depth Mass Weight —
Analysis Result

No x1 X2 x3 xa x5 X6 x7 x8 x3 x10

1 25 52 132 212 282 342 202 452 542 542

2 o8 98 338 341 354 460 505 565 620 620
3 519 543 543 543 523 543 543 543 543 543

2 03 08 s 332 478 533 575 604 0.8 613
5 10 30 397 293 685 BES 685 B85 535 685

[ 20 357 695 892 1142 | 1142 | 1182 | 1142 | 1182 | 1142
7 316 56 53 60 703 741 741 741 741 741

8 122 514 | 1002 | 1964 | 1974 | 1972 | 1972 | 197.2 | 1972 | 197
E] 30 50 537 614 654 672 672 672 672 67.2
10 405 654 69.4 722 733 735 735 735 735 735
28 14 5 16 256 3852 447 54.1 562 562 562
29 95 188 19.1 1161 | 2131 | 3101 | 3139 | 3153 | 3153 [ 3153
30 04 204 304 504 604 604 60.4 £04 504 E04
31 11 28 51 51 51 51 51 51 51 51
2 40 70 75 75 75 75 7% 75 75 75

33 25 10 40 59 ) 59 s 59 s9 59

34 7 10 195 285 375 465 555 582 539 s89
3s 204 60.4 704 1364 | 1364 | 1364 | 1364 | 1364 | 1364 | 1364
36 13 113 | 1812 | 1494 | 1494 | 1496 | 1494 | 1498 | 1494 | 149
37 a4 102 502 536 536 536 536 536 536 536
38 20 50 50 702 736 736 736 736 736 736
33 21 52 53 542 55 573 57.4 582 532 582
40 a5 51 991 1024 | 1024 | 1024 | 1024 | 1024 | 1024 [ 1024
41 57 959 953 959 953 959 959 559 959 959
42 38 638 699 76 852 918 937 837 937 93,7
¥ 757.1] 1.7445| 23999 20099| 31658 3.3922| 34497| 35.479.6| 34958| 3.496.5)
x 18.0262| 415357| 57.1405| 60.2833] 75.3762| B07667| 82.1357| B28476| 832333 B3.2452

Bobot Massa 18.0262| 235005 15.6048] 12.1429] 6.09286] 5.39048] 136905 07119] 03ss71| 00119
Presentase (%) 21.6543| 28.2413| 187455| 145868| 7.51917| 6.47542] 1644as| 08s519| 04eass| ocoiss

Fig 10: Percentage of Rainfall Depth — Analysis Result

Mo X1 x2 x3 x4 x5 X5 x7 X8 jxs. x10

1 25 5.2 132 21.2 282 342 402 452 54.2 542

2 0B 9.8 338 34.1 354 460 505 56.5 620 620

3 515 543 543 54.3 543 543 543 54.3 54.3 543 - - - - =

2 03 | o8 | 215 | 332 | are | sas | 579 | e0s | eos | eis Hour Rainfall Distribution Cum. Rainfall

5 10 30 39.7 49.3 GES GES GBS 685 68.5 685 H - -

s 2o T o5 | eos | oz | saes | aras | ises | 1ies | 1oz | nies (%) Distribution (%)

7 316 56 59 50 708 741 741 741 741 741

8 122 514 100.4 1964 197.4 197.4 197.4 1874 197 4 197.4 1 22 22

9 30 50 53.7 614 654 672 672 67.2 67.2 672 2 28 50

10 40.6 65.4 69.4 72.2 733 735 735 735 735 735

28 14 & 16 56 352 447 541 56.2 56.2 562 3 19 69

9 96 188 19.1 116.1 2131 3101 3139 3153 3153 3153

30 04 204 | 304 | soa | eoa | 604 | e04 | s0s | sos | eoa 4 15 84

31 11 24 51 51 51 51 51 51 51 51

32 40 70 75 75 75 75 75 75 75 75 5 7 91

33 28 10 40 58 58 59 59 59 58 58

5 7 | 1o [ wes | s | s | wes | sss | saz | ses | s 6 6 97

35 204 60.4 704 1364 136.4 136.4 136.4 136.4 1364 1364

36 13 113 1412 1454 1454 1454 1454 1454 1454 145.4 7 3 100

37 a4 10.2 50.2 536 536 536 536 536 536 536

38 20 50 &0 70.2 738 736 736 736 736 738

39 21 52 53 54.2 55 573 574 58.2 58.2 582 H H - H M H

p s [ o1 oot [aore | Tors [ uone [iens | mee [ aore | uoec Hourly rainfall distribution pattern is the aimed result
41 57 555 555 959 555 959 559 559 959 555 H - - - - - -
= ss e [ | 76 [ sss [ ses [ sa7 [ oas [ onv | aas of this research, hourly rainfall distribution is obtained

E 757.1] 17445| 23900| 200990| 31658| 33022 3440.7| 34706| 34058| 34063

by analysis result conducted previously. From the
analysis, rainfall depth percentage has been obtained.
Said percentage will then be described in a histogram
and its rainfall distribution table be made.

The following is hourly rainfall distribution table
obtained for analysis result conducted using hourly
rainfall data from the three automatic rainfall gauge
station on the Northern Coast of Bolaang Mongondow.

Based on the rainfall distribution percentage in
Table 4, a histogram of rainfall distribution percentage
can be constructed, as the following figure shows:

Waktu (Jam)

Fig 11: Percentage of Rainfall Distribution Pattern
based on Result of Analysis

Based on Fig. 11, rainfall distribution pattern on
the Northern Coast of Bolaang Mongondow can be
seen as occurring in 7 hour, with its hourly rainfall
distribution as follows:

TABLE 5 Rainfall Distribution of Northern Coast of
Bolaang Mongondow — Analysis Result
Hour Rainfall Distribution (%)

1 22

28

19

15

7

6

3

~N[o|o|~(wN

IV.CONCLUSION

Hourly rainfall pattern of the Northern Coast of
Bolaang Mongondow, for stormy rainfall has a
tendency of 7 hour duration. Distribution per hour is
shown in Table 5.

It is suggested to conduct hourly distribution
pattern analysis for the region of Northern Coast of
Bolaang Mongondow, so that in analyzing flood flow
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for the rivers in the region of Bolaang Mongondow,
local hourly distribution pattern can be used to
promote better result.
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