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Abstract-Hydrological factor causes the flood. Thus, it needs
to be examined through rain frequency analysis by using
continuous chance distribution. The location of this research is at
the downstream sub-watershed of Bengawan Solo River. Average
rainfall inflow area is calculated by Polygon Thiessen method
with 19 (nineteen) different areas depending on the distribution
of rain in each station. Frequency distribution analysis and its
suitability test use 2 instruments which are a Smirnov-
Kolmogorov test and Chi-Square Test. The used distribution
applications are Normal Distribution, Normal Log Distribution,
Gumbel Distribution and Pearson 11l Log Distribution. The
result of Chi-Square for normal and lognormal distributions is
3,833, also Gumbel and log Pearson Il distribution in the
amount of 1,333. The result of Smirnov-Kolmogorov for normal
distribution = 0,172, Critical normal log = 0,154, Critical Gumbel
distribution = 0,119 and Critical log Pearson 111 distribution =
0,101. The four distributions are accepted but the best
distribution is log Pearson Il distribution.

Keywords: Downstream Sub Watershed of Bengawan Solo;
Chi-Square; Smirnov Kolmogorov; Distribution Analysis

l. INTRODUCTION

Watershed is divided into three sections which are
upstream, middle stream, and downstream. An upstream
watershed is a conservation area which has a big slope. Middle
stream is a transition area of two biogeophysical
characteristics of the watershed. Downstream is utilization
area with smaller slope and it is an inundation area (flood).

Bengawan Solo River is divided into three sections as
well, which are upstream sub-watershed, Madiun sub-
watershed, and downstream watershed. Bengawan Solo is the
biggest River in Java. Technically, Bengawan Solo watershed
gives fertility in supporting rice field irrigation and an
agricultural area along the river. The Begawan Solo watershed
also fulfils the daily needs of water for the surrounding
population and even urban society. Besides its benefit,
Bengawan Solo watershed also has a negative impact in which
big flood happened in 1966, 1987, 1993, and 2007. The flood
inundated eight regencies which are Solo, Sragen, Ngawi,
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Madiun, Bojonegoro, Blora, Tuban, and Lamongan (PU,
2009). Based on the results of workshop and symposium, the
causes of the flood in Bengawan Solo are a high frequency of
rainfall with a long duration, lack of catchment area of
upstream due to land conversion with less optimal greening.
Also, the occurrence of siltation in reservoir and river causes
by the pile of sediment due to high erosion level.

By the existence of hydrological factor, this research is
conducted on rain frequency analysis by using continuous
probability distribution which uses Normal distribution, Log-
Normal distribution, Gumbel distribution, and Log Pearson Il
distribution.

1. LITERARY REVIEW

Log Pearson |11 distribution is really good to estimate rain
intensity several times with formula | = x * t¥ in which the
best formula to form IDF curve [1]. Smirnov Kolmogorov
testing has benefit if there is a few of data since each of datum
will be tested towards the standard value on each probability
distribution [2].

A. Rain

Rain is the most important component in analyzing
hydrology. Rain will transform into river flow through surface
runoff, interflow, subsurface runoff, or even groundwater flow

[3].

In this research, the used empirical formula is to calculate
rain intensity in determining the peak of debit with Rational
Modification method and Mononobe formula as in (1)

R24- 24 m
=5
24 \T,
Information:

I = Rain intensity (mm/hour)

M

Roa = maximum rainfall in 24 hours (mm)
Te = concentration-time (hour)
m = constant
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B. Average Rain in Watershed

One of the methods to calculate rain average in a
watershed is by using Polygon Thiesen method. This method
is used when on one station area the observation of average
rainfall not distributed evenly. The average rainfall is
calculated by considering the influence of each observation
station. The minimal of used observation station is three
stations. The rainfall can be calculated with the equation as in

(2) [4].

- A A A A
R==Pi+ =P+ 2P+ -+ 2P, )

Information:

A = large of flow area

A = large of i station influence area

Ri = high rainfall on i station

C. Rain Frequency

Analyzing maximum daily rain frequency can be
calculated through several methods such:

e Normal Distribution
Normal distribution often called as Gauss distribution
which used to analyze maximum rain frequency where
its distribution has probability density function as in

3)
ﬁif
P(X)_o_\/ﬁez g (3)
Information:
P(X) = normal probability density function
Tt = 3,14156
e =2,71828
T = average X value
o = standard deviation of X value

Normal distribution has special characteristic that
the amount of asymmetric coefficient (skewness) is Cs
= 0 or -0,015 < Cs < + 0,015, with coefficient of
kurtosis in amount of Ck = 3¢? or +2,70 < Ck < 3,30.
The form of frequency curve equation for Normal
Distribution is in (4)

X =%+ k.S 4)
Information:
Xtr = expected value estimation on particular certain
return period
x = occurrence average value
S =standard deviation

e Log-Normal Distribution
Log-Normal distribution consists of two parameters
which are p, and o®n. Each of them is middle-value
price and variant for logarithm function from its
variable. The probability density function as is (5)
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1 l(lnx—un)z
— 2 [
P(X) T n (5)
Information:
P(X) = normal probability density function
n =3,14156
e =2,71828
Hn = average X value
On = standard deviation of X value

Log-Normal distribution generally used to analyze
maximum daily rainfall frequency where the
distribution has transformation equation as in (6)

log(X:) = log(x) + k.log($) (6)

Information:

Log Xtr = expected estimation value in certain return
period

Log x = average value of occurrence

k = Gauss reduction variable value

S Log x = Standard deviation

Gumbel Distribution

In Nugroho Hadisusanto 2010, Gumbel distribution is
usually used in the calculation of maximum daily
rainfall to determine an extreme incident. Straight line
equation of Gumbel distribution mathematic model is
determined using moment method as in (7) — (11).

a4 = 1.?83 @
Y =a(X —X,) 8)

X, =y—¥ or Xo =u—0.4550 (9)

Information:
| = average value
¢ = standard deviation

_Yr-yn
k = . (10)

Information:

Y+t =variate reduction

yn = variate average reduction that depends on the
number of data (n)

Sn = variate standard deviation that depends on the
number of data (n)

Yy =—In (— In {T;;l} ) (11)

Log Pearson 111 Distribution

This calculation needs several parameters in form of
degree of skewness, mean (average price), and
standard deviation. If variate X value is plotted in a

417



£

ATLANTIS
PRESS

logarithmic paper, the mathematic equation would be

straight line equation as in (12)
Xep=x+k.S (12)

Where:

Xtr = logarithm value of X

XX = average value of X
k = Log Pearson Il distribution characteristic
S =standard deviation of X

A. Frequency Test
The aim of frequency test is to determine a suitable
analysis method which is used in determining certain rain
return period. Determines frequency distribution suitability in
hydrological statistic calculation generally uses 2 (two) testing
method, they are Chi-Square test Smirnov-Kolmogorov test.
e Chi-Square Test
Chi Square test uses a parameter of ¥ in which it’s
obtained based on formula (13)

(E7-0p)"

Xt =Y~ (13)
f
Information:
¥? = Chi-Square Process
Ef = frequency (the number of observation) which
expected according to class division
Of = frequency that is read in the same class
2 price, the calculation of its value must be smaller
than ¥? cr price (Critical Chi-Square), and for certain
real degree usually taken 5%. A degree of freedom can
be calculated with the equation as in (14)
DK=K—(P—-1) (14)

Information:
DK = degree of freedom
K = the number of classes
P = the number of parameters, for Chi-Square test
the determined value = 2.

e Smirnov-Kolmogiov Test
This test can be conducted in a simpler way by
comparing the possibility of each probability and

theoretical probability to obtain maximum D
difference value (Dmax).
Based on the differences between observation

probability and theoretical probability the equation is
obtained as in (15)

Diax = [P(Xyn) — P'(Xp)] (15)
Information:
D = maximum probability differences
P(Xm) = observation probability value

P’(Xm) = theoretical probability value

Atlantis Highlights in Engineering (AHE), volume 1

If Dmax value that is read in probability paper < A
critical from table 1, it can be determined that the
deviation causes only by coincidence mistake. Thus,
the used theoretical distribution to determine the
equation is accepted. Nevertheless, if Dmax on
probability paper is > A critical, so the used theoretical
distribution is not accepted [5].

TABLE I. ® CRITICAL VALUE OF SMIRNOV-KOLMOGOROF TEST
na 0,20 0,10 0,05 0,01
5 0,45 0,51 0,56 0,67
10 0,32 0,37 0,41 0,49
15 0,27 0,30 0,34 0,40
20 0,23 0,26 0,29 0,36
25 0,21 0,24 0,27 0,32
30 0,19 0,22 0,24 0,29
35 0,18 0,20 0,23 0,27
40 0,17 0,19 0,21 0,25
45 0,16 0,18 0,20 0,24
50 0,15 0,17 0,19 0,23

n>50 | 1,07/\n | 1,22/\n | 1,36/\n | 1,63/\n
Source: [5]
I1. METHODOLOGY

The location of this research is at downstream watershed
of Bengawan Solo. This research uses Quantitative
Descriptive method in form of data collection, data analysis,
and data interpretation for a decision making. The data needed
are watershed map and daily rainfall data from several stations
in downstream sub-watershed.

In calculating average rainfall area, it used Polygon
Thiessen Method with 19 (nineteen) different areas that
depending on rain distribution in each station. Then,
maximum average rainfall is obtained. From maximum
rainfall data, frequency distribution analysis and its suitability
test are conducted with 2 methods. They are Smirnov-
Kolmogorov test and test. The used distribution application is
Normal Distribution, Log-Normal Distribution, Gumbel
Distribution and Log Pearson Il Distribution.

V. RESULT AND DISCUSSION

Form data analysis, the result of Chi Square test and
Smirnov-Kolmogorov test in sub-watershed Madiun using
application of Normal Distribution, Log Normal Distribution,
Gumbel Distribution, and Log Pearson Il Distribution are as
follow.

A. Chi-Square Test of Downstream Sub-Watershed
Table 2 explain Chi-Square test with Normal Distribution.
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TABLE II. CHI-SQUARE TEST WITH NORMAL DISTRIBUTION TABLE IV. CHI SQUARE TEST WITH GUMBLE DISTRIBUTION
_ ] ( Ef-Of _ Ef- | (Ef-Of 2
Class | P(x>=Xm) Ef | RAIN | Of Ef - Of V1 Ef Class P(x >= Xm) Ef | RAIN | Of of | /&f
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
0<P<=
5 | 0200 <o=<0|:2 2400 | 62667 | 2,000 0,400 0,067 5 | 0,200 02 2,400 | 61,377 | 2,000 | 0,400 0,067
02< 0400 | O2<P<= | 9400 | 54556 | 2000 | 0400 | 0,067
0400 | P<= | 2400 | 56453 | 2,000 0,400 0,067 04
04 0600 | O4<P<= | 2400 | 49744 | 2000 | 0400 | 0067
04< 0.6
0800 | Pes | 2400 | STI0T | 1000 | 1400 | 0817 0800 | P®5P<" | 2400 | 45105 | 4000 | 1600 | 1067
06 < 0999 | 98<P<= 1 9400 | 33107 | 2000 | 0400 | 0,067
0,800 | P<= | 2400 | 44,888 | 5,000 2,600 2,817 ’ 0.999 ’ ’ ’ i ’
0.8 12,000 12000 | Chi 1333
0.8< Square
0999 | P<= | 2400 | 21,137 | 2,000 0,400 0,067 DK 2
0% chi- 5,991
Chi- Critical '
12,000 12,000 Square 3,833
DK 2
. 5,991 : : : ,
Critical ’ Based on table 5, it obtains Chi square = 1,333 with degree

Based on table 2, it obtains Chi Square = 3,833 with
degree of freedom (DK) = 2, degree of trust a = 5%, and Chi

of freedom (DK) = 1, degree of trust a = 5% and Chi Critical

critical = 5,991.
TABLE Il CHI SQUARE TEST WITH LOG NORMAL DISTRIBUTION
~ Ef- | (Ef-Of
Class P(x >=Xm) Ef RAIN Oof of V1 Ef
1 2 3 4 5 6 7 8
5 |o200]| ° <0P2<= 2400 | 61657 | 2000 | 0400 | 0067
0,400 0'232’ < | 2400 | 55418 | 2000 | 0400 | 0067
0,600 0"‘35 < | 2400 | 50553 | 1,000 | 1400 | 0817
0,800 0'635 < | 2400 | 45438 | 5000 | 2600 | 2817
0099 | 98<P<= 1 9400 | 30223 | 2000 | 0400 | 0,067
0.999
12,000 12,000 | Chi 3833
Square
DK 2
Chi-
Critical 5,991

Based on table 3, it obtains Chi Square = 3,833 with the
degree of freedom (DK) = 2, degree of trust a = 5%, and Chi
critical = 5,991. Based on the table 4, it obtains Chi Square =
1,333 with degree of freedom (DK) = 2, degree of trust a =

5% , and Chi Critical = 5,991.

= 3,841.
TABLE V. CHI-SQUARE WITH LOG PEARSON 1
. 2
Class | P(x>= Xm) f | rain | of |Ef-or [ (FFOD
1| 2 3 4 5 6 7 8
0<P<=
5| 0200 | OF | 2400 | 60ss2 | 2000 | o400 | 0067
0400 | %25F | 2400 | 3627 | 2000 | 0400 | 0067
0600 | %P | 2400 | 49211 | 2000 | 0400 | 0067
ogoo | %8P | 2400 | 45414 | 4000 | 1600 | 1,067
0.8<P
0999 | 28<P | 2400 | 38828 | 2000 | 0400 | 0,067
chi-
12,000 12000 | g | 138
DK 1
chi-
Critical | 384

B. Smirnov-Kolmogorov Test

Based on table 6 for Smirnov-Kolmogorov test on 4
distributions, all the distributions are accepted since the error

is smaller than Dcritical.
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TABLE VI. SMIRNOV KOLMOGOROV TEST OF DOWNSTREAM SUB-WATERSHED
NORMAL LOG-NORMAL GUMBEL LOG-PEARSON llI

RAIN m P =mi(N+1) P(x >= Xm) Do P(x >= Xm) Do P(x >= Xm) Do P(x >= Xm) Do
77,299 1 0,077 0,013 0,064 0,018 0,059 0,032 0,045 0,039 0,038
69,678 2 0,154 0,066 0,088 0,065 0,089 0,078 0,076 0,080 0,074
59,025 3 0,231 0,310 0,079 0,274 0,043 0,257 0,026 0,234 0,003
58,667 4 0,308 0,322 0,014 0,285 0,023 0,267 0,041 0,242 0,066
53,241 5 0,385 0,520 0,136 0,487 0,103 0,451 0,066 0,415 0,031
50,177 6 0,462 0,633 0,172 0,616 0,154 0,581 0,119 0,552 0,090
48,556 7 0,538 0,689 0,151 0,683 0,144 0,653 0,115 0,634 0,095
47,008 8 0,615 0,739 0,124 0,744 0,128 0,721 0,106 0,716 0,101
46,944 9 0,692 0,741 0,049 0,746 0,054 0,724 0,032 0,719 0,027
45,625 10 0,769 0,780 0,011 0,794 0,024 0,779 0,010 0,789 0,020
44,698 11 0,846 0,805 0,041 0,824 0,022 0,816 0,031 0,836 0,010
44,408 12 0,923 0,812 0,111 0,833 0,090 0,826 0,097 0,850 0,073

DCritical | 0,380 0,172 0,154 0,119 0,101

Accepted Accepted Accepted Accepted
V. CONCLUSION ACKNOWLEDGEMENT

From the calculation result of suitability test using Chi-
Square on downstream sub-watershed, all of distributions are
accepted but the best distribution is Gumbel Distribution and
Log Pearson Ill Distribution since it produces Chi-Square
value < Chi Critical.

Based on the calculation result wusing Smirnov-
Kolmogorov test for rain data in the downstream watershed, it
is accepted using Normal Distribution, Log-Normal
Distribution, Gumbel Distribution, and Log Pearson Il
Distribution. Based on the Descriptor test, Log Pearson Il has
the smallest error percentage among the others. Thus, Log
Pearson I11 is the best distribution.

If it is seen from both of the testings, so Log Pearson Il
Distribution is the best distribution since it gives the smallest
value of Chi-Square and Dcritical.
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