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ABSTRACT Frequency analysis is a method for predicting the probability of future hydrological events based on historical data. Frequency
analysis of rainfall data and discharge data is generally carried out using the moment method, but the moment method has a large bias,
variant, and slope so that it has the potential to produce inaccurate hydrological design magnitudes. The L-moment method is a linear
combination of Probability Weighted Moment, which processes data concisely and linearly. This research was conducted that the L-
moment method will obtain a regional probability distribution and design rainfall used as a basis for calculating hydrological planning in
anticipation of disasters. The study’s location in the Mount Merapi area was chosen to more accurately predict the maximum rainfall that
could cause cold lava in the area to reduce the risk of loss to the people living around Mount Merapi. The results showed that the entire
rainfall stations homogeneous, and no data was released. The L-moment regional ratio results 7,f =0.203, t* = 0.166, dan ©,* =0.169. The
homogeneity and heterogeneity tests show that all rainfall stations are uniform or homogeneous. No data were released from the
discordance test results. Growth factor value increases in each return period design rainfall prediction. The regional probability
distribution that is suitable for the research area is the Generalized Logistic distribution with design rainfall equation has been formulated.
Regional design rainfall can predicts rainfall events that can occur in Mount Merapi area.Test model showed the minimum Rgjes = 0.45%,
maximum Rgigs = 41.583%, minimum Resye = 0.45%, and maximum Rgsye = 71.01%. The L-moment method’s stability showed by model test
minimum error = 1.64% and maximum error = 16.60%. The higher error value in higher return period shows that although L-moment can
reduce bias data, but it has limitation in higher return period.

KEYWORDS Regional Frequency Analysis; Probability Weighted Moment, L-Moment Method; Design Rainfall.
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1. INTRODUCTION

Probability prediction of hydrological events
based on historical data can be made utilizing
frequency analysis. Frequency analysis serves as
the basis for calculating hydrological planning to
anticipate any possibilities that will occur in the
future. Frequency analysis is used to predict
extreme events such as rainfall or design floods in
the future that can cause flooding, so anticipation
is needed in flood protection structures to
minimize risks. The use of data samples from the
same variables in one region requires a regional
frequency analysis. Frequency analysis, both rain
data and discharge data, is generally performed
using the moment method. The moment method
is a nonlinear transformation; the higher sample
moments the more unstable; moment method has
a considerable bias, variance, and skewness.
Nonlinear transformations can cause deviations

and wrong parameter estimates because there are
far from the data majority.

The L-moment method performs data processing
concisely and linearly, and nonlinear data
transformations can be avoided because there is
no squared or cubic system calculation data. So,
there is no bias, as is often found in the moment
method.

The L-moment has the advantage of conventional
moments where it has a wide distribution range.
If it is estimated from a sample, it will produce
more accurate data. L-moment and probability
weighted moment (PWM) aims to conclude the
probability distribution theory that will be used in
the regional frequency analysis. The application
of moment and L-moment methods need to be
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assessed for its applicability for regional rainfall
frequency analysis to estimate design rainfall at
specific return periods. It is hoped that the L-
moment study will provide more accurate results
at Mount Merapi as the research area. The
research location was chosen to more accurately
predict maximum rainfall that could cause debris
flow in the area. Analysis design rainfall can be
the basis for discharge analysis which is planned
as anticipation of flood protection waterworks to
reduce the risk of losing people who live in Mount
Merapi area.

2. METHODS

2.1. Study Area and Data

The study area is located at Mount Merapi area
with rainfall stations which has recorded daily
data rainfall. In this study, 21 rainfalls stations
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were taken based on the distribution of locations
and availability of rainfall data. The map of
rainfall station distribution in this study area is
showed in Figure 1.

This study uses daily rainfall records data from
1980 to 2018 at 21 rainfall stations with a
completed data length of 16 - 37 years. However,
several years of data are not complete and not to
be used in analysis. The data selection process is
carried out through the annual maximum series,
which selects data by the maximum rainfall in a
year. Sorasan rainfall station is not involved in
frequency analysis because It will be used as a
reference station in the test model. The selection
of Sorasan Station as a reference is based on the
most comprehensive of data and continuous
recording data, therefore as the most stable data.
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2.2. Study Frameworks

The moment method is a quantitative measure of
geometric properties in a probability distribution.
The moment is usually to explain the stability of
sample, the higher moments mean it is unstable
and needs to add other information (Takeleb,
2010). To estimate the amount of discharge or
design rainfall in a return period, the analysis is
carried out through a statistical approach
(Soewarno, 1995). The statistical approach
includes moment parameters such as mean value,
standard deviation, variation coefficient,
skewness coefficient, and kurtosis coefficient.
The most widely used probability distribution in
hydrology is Normal distribution, Log-Normal
distribution, Log Pearson III distribution, and
Gumbel distribution (Chow V.T., 2010). The
goodness-of-fit tests in the moment method are
Chi-Square and Smirnov-Kolmogorov test (Sri
Harto, 2009). The homogeneity test is a method
used to measure data uniformity in an area
developed to analyze the flood, but it can also be
applied to rainfall data (Darlymple, 1960).

L-moment is the linear length of the statistical
result as a conventional moment used to
summarize the probability function;s statistical
parameters or the result of a data set. The L-
moment method, an analogy to ordinary moment
estimated as a linear combination of Probability
Weighted Moment (PWM). L-moment using
regional frequency analysis is carried out in an
environmental approach application because the
data samples analyzed are observations of the
same variables in one region (Hosking and Wallis,
2009).

The selection of distribution using the L-moment
method shows the relationship between the
theoretical L-C; and L-Cx parameters of each
distribution with the L-moment diagrams
observational data. The L-moment parameter is
identified for each type of theoretical probability
distribution used in the L-moment diagram to
obtain the type of distribution that matches with
data distribution. The L-moment parameter is
representing inverse of the cumulative
distribution function (cdf) for multiple
distributions, they are Uniform, Exponential,

Logistic, Normal, Log-Normal, Generalized
Pareto (GPA), Generalized Logistic (GLO),
Generalized Extreme Value (GEV), Gumbel, and
Pearson 3 Distribution. L-moment parameter
based on PWM theory (Hosking and Wallis, 2009)
(Maidment, 1993) (Malekinezhad, 2014):

I G-DG-2G-D
b L D20 W

A= B, (2)
A2= 26, - B, (3)
A3=6B, - 6B, + B, 4)
Ay =20, - 308,+ 128, - B, (5)

with data population parameter value g and L-
moment parameter A. The L-moment ratio is
based on the equation (Hosking and Wallis, 2009):

o= Ay /A (6)
3= A3 /A2 )
4= A4 /A2 3

T, is L-variation (L-C,) coefficient, 73 is L-
skewness (L-C,) coefficient, dan 7, is L-kurtosis
(L-Cy) coefficient.

Filtering data is carried out to determine the
against of data and all data in an area. The
filtering is based on the difference between the L-
moment ratio of a data with the average L-
moment ratio of all data regions. Equations used
(Hosking and Wallis, 2009):

N
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Di= 5 (u;- WA (u;- 1) (11)

u; is vector of sample L-moment ratio i location,
N number of i locations i, u regional unweight
mean of L-moment for each region, cross product
matrix A, D; discordance test value i location. I
location is considered discordant if the D; exceeds
value more than D;.citic.
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Heterogeneity test aims to assess whether the
rainfall gauge station location can be treated as a
uniform region. The equation used is (Hosking
and Wallis, 2009):

tR=3N nt®/ TN n (12)
N N 2
v= 1) n (- ) (13)
2 2
V_
H= v-n) 0“ ) (14)

with t® regional t, n; length of data, t® i order
, Uy and o, are obtained from Kappa distribution
methods (Karian Z.A, 2010) (Hasby, 2014). The
criteria were established by Hosking and Wallis
(2009) for the assessment of heterogeneity in a
region are if H< 1 the area is homogeneous, 1 < H
< 2 the area is possibly homogeneous, H > 2 the
area is not heterogeneous.

The selection of regional probability distribution
extreme rainfall using 75 and tf statistical
parameters that will be compared to L-moment
diagram (Vogel and Fennesey, 1993). After the
election is done through visual observation,
selected distribution is tested with goodness-of-
fit test using equation (Hosking and Wallis, 2009)
(Vogel and Fennesey, 1993):

ST TR - 71T 15

04

with 7,057 fitted distribution and o, deviation
standard of 7,%.Then, the value of quantile at site
can be determined by matching all data on the
selected area with the distribution. The equation
that used is (Hosking and Wallis, 2009):

X;(F)=47 x(B) (16)

with X; at-site quantile of the location,
1Y average at i location F non-exceedance
probability, and x(F) regional growth factor.

The equations that used in model test are
(Hosking and Wallis, 2009) (Maidment, 1993):

Xi(E)pp - Xi(F)

x 100% (17)
Xi(F)p

Bi(F) =
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97172
(Xi(F)LM‘ Xi(F)M)

Ri(F) = X(F,

x 100% (18)

with B;(F)relative bias (Rgiss), R; (F) relative root
mean square error (Rrswe), X;(F)p, at site
quantile i location moment and L-moment
methods, and X;(F), atsite quantile ilocation L-
moment method.

3. RESULTS AND DISCUSSIONS

3.1. Homogeneity Test

Homogeneity test is used to see the uniformity of
data in the study area. The homogeneity test’s
first step is determining the return rainfall of 2.33
and 10 years, Rz35 and Ry, then determine the
ratio value of Rz35 and Rjoat each rain station and
calculate the average ratio. Next, multiply the
average ratio with Ry to find the period year T in
each rain station. Then plot it on a semi-log scale
graph with the abscissa of the data length record
and T years as ordinate, 95% confidence limit
curve is drawn based on the value of the
confidence limit according to confident limit’s
values of Darlymple. Finally, visual observations
were made, if some data are beyond the
confidence limits, so the data is heterogeneous.
Homogeneity test result is showed in Figure 2.

The Figure 2 shows that all rainfall stations have
uniform or homogeneous data in Mount Merapi
area, indicating that all data in rainfall station can
be used for analysis. If the data is outside the
confidence limit, then the data will not include in
the next stage of analysis.
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Figure 2. Homogeneity Test Result
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3.2. Moment Method

Statistical parameters are used as the basis for
determining the probability distribution that fits
the available data. The statistical measurement
often used in hydrological data analysis is the
measurement of central tendency and dispersion
measurement. The central tendency measure is
the mean value considered as the central value
and can be used to distribution measure. The
dispersion measurement is the degree of variance
distribution around the mean  value.
Measurement dispersion method includes
standard deviation, coefficient of variation, slope
coefficient, and coefficient of kurtosis. Standard
deviation (S) is the second moment to the average
value, which shows data distribution, the greater
standard deviation value, the more scattered the
data is.

Coefficient of variation (C,) is the comparison
value between the standard deviation and the
average value. Coefficient of skewness (C;) is the
third moment of the mean value which shows the
degree of distribution asymmetry form.
Coefficient of kurtosis (Cy) is the fourth moment
on the mean value that measures the ductility of
the distribution curve. The values of central
tendency measurement and disperse
measurement are known as moment parameters
as conventional statistical methods. The moment
parameter value at each rain station can be seen
in Table 1.

The moment parameter values obtained are
varies, the average mean value is 104.500 mm,
average standard deviation value is 39.502,
average C, value is 0.389, average C; value is
0.885, and average C value is 4.736.

The frequency analysis moment method using
frequency analysis program (Luknanto, D., 2019).
The frequency analysis at each rainfall stations
obtained 9 rainfall stations are distributed Log
Pearson III Distribution, 4 rainfall stations are
distributed Log Normal Distribution, 4 rainfall
stations are distributed Gumbel Distribution, and
3 rain stations are distributed Normal
Distribution.
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The moment method design rainfall is obtained
by return period of 2, 5, 10, 20, 50, and 100 years
based on the selected distribution at each rainfall
stations. Moment method design rainfall plotted
in Figure 3.

Table 1. Moment Parameter

Rainfall X S v - Cs Ck

Station
Argomulyo 125.810 55.468 0441 2017  9.271
Babadan 103.259 27.182 0.263 0.098  3.365
Batur 97.214 30436 0313 0412  2.900
Deles 99.929 27.290 0.273  0.775 = 3.224
Girikerto 122.570  38.128 0.311 0.529 = 3.427
Gn. Maron 154350 70.335 0.456 0943  3.678
Gulon 89.125  32.918 0369 0.159  4.249
Jrakah 85.516 30.078 0.352  1.230  5.276
Kaliurang 105.658 31.851 0.301 -0.390  2.685
Mranggen 123.594 35.129 0.284 -0.273  2.881
Ngandong 145550 31.951 0220 0.111  2.900
Ngepos 131232 52.936 0.403 1.661  7.088
Pakem 91.778 36060 0.393 1.745  7.425
Plawangan 117.326  35.643 0304 0.965  3.408
Plosokerep 87.757 42.944 0.489 1.112  3.840

Pucanganom 63.504 30.349 0.478 1.475 5.316
Randugunting 84.442 43.929 0.520 1.339 4.924

Sopalan 106.638 43.189 0.405 1.421 5.251
Sukorini 61.984 35.816 0.578 0.383 2.965
Talun 107.003 39.487 0.369 0.539 3.538
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Figure 3. Moment Method Design Rainfall

From Fig. 3 the higher the return year, the higher
of design rainfall in moment method. The design
rainfall at Argomulyo, Gn. Maron, and Ngepost
stations are higher than design rainfall other
stations because they have the highest standard
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deviation values in moment parameter. Standard
deviation value of Argomulyo is 55.468, Gn.
Maron is 70.335, and Ngepos is 52.936. The
standard deviation value shows data distribution,
a large standard deviation indicates that those
three station’s maximum rainfall data is spread
over in a range.

3.4. L-Moment Method

Regional frequency analysis using moment L-
method’s steps consists of determining
parameters and ratio values, filtering data using
discordance test, indicating uniformity data with
heterogeneity  test, selecting probability
distribution  using  goodness-of-fit  test,
determining growth factor values and predicting
design rainfall. The L-moment parameter
determination values are based on the probability
weighted moment (PWM) theory and will be
calculated wusing equations formulated by
Hosking and Wallys. The L-moment parameter
values obtained as in Table 2, then used to
determine the L-moment ratio value which uses
for the regional probability distribution selection.

In Table 2, L-moment parameter gives average A;
is 105.685, average A, is 21.012, average Az is
3.539, and average A, is 3.517. The maximum
parameter value at Gn. Maron is 154.350 as value
and the minimum at Puncanganom station is

Table 2. L-Moment Method Determining
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63.504 as value. The maximum value of 1, at Gn.
Maron station is 39.329 350 as value and the
minimum at Deles station is 15.297. Maximum
value of Az at Gn. Maron is 9.038 and the
minimum Az at Kaliurang station is -1.850.

Then L-moment ratio is used to obtained the
regional ratio value by calculating L-momen ratio
value with amount data for each rainfall station
formula, so the regional value are ,% =0.203, 75®
=0.166, and 7,8 = 0. 169.

Checking data in regional frequency analysis is
carried out to present the field's size, and all data
will get the same probability distribution results.
Discordance test aims to filter out whether the
data has a difference to the entire data in one
region based on the difference between the ratio
of one data to the regional ratio. Rainfall station
location is considered discordant if it produces a
D; value that exceeds the Digiic Vvalue.
Calculations at each location and the value in
criticism based on the number of locations whose
values have been determined by Hosking and
Wallis.

There are several 20 locations in the analysis so
that the critical value is 3. In Table 2, all values
are D; <3 so that no rainfall station are excluded
in analysis.

Rainfall Data PWM L-Moment Parameter L-Moment Ratio
Station Amount Bo B B2 M A2 A3 A4 T T T Di
Argomulyo 29 125.810 76.889  57.138 125.810 27.967 7.308 8.172 0.222 0.261 0.292 1.172
Babadan 29 103.259 59347  42.123 103.259 15.435 -0.082 2.676 0.149 -0.005 0.173 0.715
Batur 28 97.214 57311  41.321 97.214 17.408 1.274 1.432 0.179 0.073 0.082 0.597
Deles 31 99.929 57.613  41.434 99.929 15.297 2.857 2.142 0.153 0.187 0.140 1.072
Girikerto 27 122.570 72.017  52.078 122.570 21.463 2.939 3.689 0.175 0.137 0.172 0.171
Gn. Maron 24 154.350 96.839  72.621 154.350 39.329 9.038 4.086 0.255 0.230 0.104 0.928
Gulon 20 89.125 53.672  38.627 89.125 18.219 -1.145 4.124 0.204 -0.063 0.226 2.338
Jrakah 32 85.516 50.822  37.093 85.516 16.129 3.138 3.930 0.189 0.195 0.244 0.499
Kaliurang 26 105.658 61.997  44.079 105.658 18.336 -1.850 1.855 0.174 -0.101 0.101 1.339
Mranggen 16 123.594 72.056  51.274 123.594 20.519 -1.101 1.907 0.166 -0.054 0.093 0.942
Ngandong 26 145.550 82.039  57.138 145.550 18.528 0.223 1.942 0.127 0.012 0.105 1316
Ngepos 28 131.232 79.444  58.898 131.232 27.655 7.955 5417 0.211 0.288 0.196 0.383
Pakem 23 91.778 55.093  40.618 91.778 18.409 4.927 6.275 0.201 0.268 0.341 2.229
Plawangan 23 117.326 68.507  49.840 117.326 19.688 5.322 2.501 0.168 0.270 0.127 1.571
Plosokerep 30 87.757 55.611  42.031 87.757 23.464 6.282 3.575 0.267 0.268 0.152 0.883
Pucanganom 28 63.504 39.756  30.091 63.504 16.008 5516 2.492 0.252 0.345 0.156 0.866
Randugunting 33 84.442 54.025  41.080 84.442 23.607 6.772 3.008 0.280 0.287 0.127 1.381
Sopalan 29 106.638 64.739 48.081 106.638 22.839 6.694 4.766 0.214 0.293 0.209 0.409
Sukorini 21 71.400 44,593 33.061 71.400 17.786 2.206 1.951 0.249 0.124 0.110 0.967
Talun 31 107.003 64.579 47.164 107.003 22.154 2.511 4.392 0.207 0.113 0.198 0.224




The heterogeneity test aims to determine the
non-uniformity based on the difference between
the ratios in each location and the ratio of the
area. The Kappa distribution method is used to
determine the location parameters (¢), scale
parameters (a) and shape parameters (h, k). The
coefficient is determined by the formula of Karian
and Dudewicz. Determining of Kappa distribution
coefficient at study area regional ratio by
interpolation so A =0.815753, B =0.428046, h = -
0.55604, and k = 0.11634. Furthermore, it was
calculated by the heterogeneity test formula by
Hosking and Wallis as follows:

Yr,nt® 108525
»N.on, 534

N N 1/2 1/2

V= Zn-(t(i)—tR)z/Zn = {@} = 0.042
L it 534 '
= =

_ (V—p,) 0,042~ (-0,5247)
o, 1,2259 -

th = 0.203

H

0,46

Heterogeneity test results H = 0.46 which H<1, so
it can be concluded that all rain station locations
are homogeneous and no rainfall station is
excluded.

Selecting distribution using the L-moment
method shows theoretical L-Cs and L-Ck
parameters of each distribution with the observed
data. The L-moment diagram is used to see the
relationship of L-moment ratio of data to the L-
moment ratio of several distributions. In the
diagram depicted the cdf function on ten
probability distributions, which are Uniform,
Exponential, Logistic, Normal, Log-Normal,
Generalized Pareto (GPA), Generalized Logistic
(GLO), Generalized Extreme Value (GEV),
Gumbel, and Pearson 3. The probability
distribution is based on the cdf value whose
parameters have been formulated by Hosking,
Wallis, and Maidment. Identication of the L-
moment diagram using t;%and 7,® as a weighted
average plotted on diagram. Plotting L-moment
diagram aims to see the trend of average weighted
data analysis towards probability distributions.
From the Fig. 4 obtained visually that the average
weighted is close to the GEV and GLO distribution
curves. GEV and GLO distributions will be
included at the goodness-of-fit test analysis.
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Figure 4. Plotting L-Moment Diagram

Visual observation through the diagram must be
tested with the goodness-of-fit test which is an
adaptation from L-moment statistics and Z
probability Z value is |ZP15T| < 1,6

Determining all data with the selected probability
distribution from Hosking and Wallis formula

obtained |Z“*"| = 0.295 and |Z°°| = 0.294. GLO
distribution Z value is less than GEV distribution,
so the selected distribution for Mount Merapi
area is Generalized Logistic (GLO). Furthermore,
the regional equation is determined in L-moment
parameter and cdf inverse for GLO probability
distribution (Hosking, 2009):

o 1-F\"
F)= ¢+ o 1(_)
x(F)= ¢ X T ]
k:—‘L’_gR
_ Ay sinkm
*- kr

Y (1 yis )

M\ Sk

Regional probability distribution equation as
obtained:

) = 1063+0.194 | (1-1:)"“66
=4 0166 | \F

where x(F) is the growth factor of design rainfall
and F is probability of return period T. Based on
the regional distribution equation, the growth
factor value is determining at each return period.
The value of the growth factor at the return period
of 2,5, 10, 20, 50, and 100 years is showed in Table
3.
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Table 3. Growth Factor Values

Return Periods 1-F(1-

T (years) 1T) Growth Factor
2 0.5 1.063

5 0.8 1.365

10 0.9 1.577

20 0.95 1.800

50 0.98 2.124

100 0.99 2.400

Design rainfall analysis at each rainfall stations
Mount Merapi area is obtained by multiplying
parameter L-moment A; and each growth factor
in every return period 2, 5, 20, 10, 50, and 100
years as presented in Fig 5.
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Figure 5. Design Rainfall of L-Moment Method

From Fig 5 the higher the return year, the higher
of design rainfall in L-moment method. As can be
seen in the chart, several rainfall stations such as
Argomulyo, Gn. Maron, Ngepos and Ngandong
rainfall station has design rainfall higher that
other stasion in Mount Merapi area because in
these rainfall stations parameter L-moment A,
values are higher than parameter L-moment 1,
values in others.

Comparison of regional design rainfall with
conventional method design rainfall aims to
determine trend of rainfall data. In Fig. 6 L-
moment method design rainfall as rainfall
regional (Rregiona) in ordinate and moment method
design rainfall as rainfall at-site (Ratsit)

abscissa. Plotting data illustrates that in the low
return period, trend data is very dense and in the
high return period trend data is spread out. This
is caused by deviation data in several rainfall

Reies (%)
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stations which has standard deviation value or
parameter is quite high. The rainfall data
distribution occurs because historical data on
several rainfall stations are varies.
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Figure 6./Relationship of Ryegional and Rat-site

3.5. Model Test

Model test determined by comparing the results
of design rainfall at all rainfall stations for each
return period with relative bias (Rgi.s) dan relative
root mean square error (Rrusg) using L-moment as
reference. For example for Argomulyo station at
return period 2 year:
Xi(F)uy - Xi(F)u
Rsias = Bi(F) X (Few

L34mm- 116 y 100% = 12,87%
132 mm

Xi(B)m - Xi(F)
Rrsmue = Ri(F) = [(W

x 100%
RBias=

211/2
) ] x 100%

211/2
RRSME:[(W) ] X 100% = 14,47%
The result of Raus and Rrsyr calculation are
showed in Figure 6 and 7.
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From the Fig 6 and 7 test model showed the
minimum Rgigs = 0.45%, maximum Rgiqs = 41.583%,
minimum Rrsyr = 0.45%, and maximum Rgsyr =
71.01%.

Then, performed a model test at the Sorasan
Station as reference rainfall station because it has
rainfall data the most comprehensive data and
continuous recording data, therefore as the most
stable data. The Sorasan rainfall station statistic
parameters are:

X =85,689 mm

S =46,218 mm

C,=0,539

C, = 2,227

C,=10,33

The Sorasan rainfall station is distributed
Gumbel, so the design rainfall for return periods
2,5,10, 20,50, and 100 years are 78, 119, 146, 172,
205, and 231 mm.

Design rainfall reference station compared to
regional design rainfall in Fig 9. Regional design
rainfall calculates by multiplying design rainfall
reference station with growth factor. Then the
error is calculated with Sorasan station as design
rainfall reference. Example of 2 year return
period:

Rsomsan = 78 mm
Growth factor return period 2 year = 1,063
RRegional L-moment = 18 mm x 1,063 =91 mm

91 mm - 78 mm

78 mm

|Error|= ( >x 100% = 16,60%
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Figure 9. Model Test of Rregional to Rat-site

From Fig. 8 Calculation results model test
minimum error is 1.64% and maximum error is
16.60%. As can been seen in the chart, the higher
error value occurs at low return period and very
high return period. In this case, regional design
rainfall L-moment method needs development to
analysis in high return period even though this
method can reduce bias of data.

4. CONCLUSIONS

Based on the analysis and discussion, there are
conclusions as can be obtained as follows:

1. Homogeneity and heterogeneity test shows
that all the rainfall stations in studyarea are
uniform or homogeneous. The discordance
test shows that at each location is less than the
critical value so there is no data excluded. All
the rainfall station data in Mount Merapi is
used in every analysis steps.

2. Parameters in moment method and L-moment
method needed to determine appropriated
probability distribution and design rainfall at
return periods.

3. The L-moment regional ratio in Mount Merapi
area are 7,7 = 0.203, 3® = 0.166, and 7,* =
0.169, the values used to determine average
weighted on L-moment diagram.

4. The regional probability distribution using L-
moment method that is suitable for the study

area is Generalized Logistic (GLO) distribution
0.194
1-

and the equation is x(F)=1.063 + o 16e

1-p\ 01661 . )
(T) ] with x(F) design rainfall and F

probability of return period.
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5. The higher standard deviation value in rainfall
station data, will effects on the higher design
rainfall because distribution data is quite
scattered in historical rainfall data records.

6. Test model showed the minimum Rgiss = 0.45%,
maximum Rgiss = 41.583%, minimum Rgsyr =
0.45%, and maximum Rgsvz = 71.01%. The
stability of L-moment method showed by
model test minimum error = 1.64% and
maximum error = 16.60%. The higher error
value in higher return periods indicates that
although L-moment method can reduce bias
which occurs at moment method, but L-
moment method has inadequacy in higher
return period.
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