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ABSTRACT

Annual maximum rainfall is a critical parameter in mine planning, particularly for the design of drainage
systems and hydrometeorological disaster mitigation. This study aims to analyze the frequency distribution
of rainfall and estimate design rainfall for various return periods in the operational area of PT X, located in
Kutai Kartanegara Regency, East Kalimantan. The dataset comprises 11 years of annual maximum rainfall
data from 2013 to 2023. Four probability distribution models were evaluated: Gumbel, Normal, Log-Normal,
and Log Pearson Type III. Goodness-of-fit testing was conducted using the Chi-Square and Kolmogorov-
Smirnov methods. The Chi-Square test results indicate that all distributions are acceptable at a 5% significance
level, but only the Gumbel distribution is valid at a 1% level. The Kolmogorov-Smirnov test confirms that all
distributions are statistically acceptable at both significance levels. Design rainfall values were calculated for
return periods of 2, 5, 10, 25, 50, and 100 years. The highest rainfall for the 2-year return period was produced
by the Normal distribution (307.24 mm), while the Gumbel distribution yielded the highest values for return
periods from 5 to 100 years, reaching a peak of 493.86 mm for the 100-year return period. These results suggest
that the Gumbel distribution is the most suitable model for representing extreme rainfall events in the study
area and is recommended for application in mine drainage system design and surface runoff control planning.

Keywords: Annual Maximum Rainfall, Probability Distribution, Return Period, Chi-Square Test, Kolmogorov-
Smirnov Test, Gumbel Distribution.

1. INTRODUCTION

Rainfall is one of the most critical climatic variables impacting both natural systems and
human activities. It serves as an essential resource for agriculture and ecosystem sustainability but
may also trigger hazards such as flooding and landslides when extreme values occur [1] . In tropical
regions like Indonesia, rainfall patterns are primarily governed by large-scale climate drivers,
including the Asian—Australian Monsoon system, ENSO, Walker, and Hadley circulations [2] . These
complex interactions lead to high variability and frequent extreme events.

In mining operations, comprehensive water management is indispensable —not only for
maintaining operations but also for preventing environmental degradation and geotechnical failures
[3][4]. Rainfall directly influences slope stability, site dewatering, and infrastructure resilience [5]. In
particular, the pronounced variability of rainfall in tropical climates presents challenges for
designing drainage systems, settling ponds, and erosion control structures [6].

Estimating design rainfall —or extreme rainfall associated with specific return periods—is
key to hydrologic infrastructure planning. This is typically accomplished using frequency analysis
of annual maximum rainfall via probabilistic models such as Gumbel, Normal, Log-Normal, and
Log-Pearson Type III distributions [7]. Recent studies continue to endorse these models, comparing
them using goodness-of-fit tests like Chi-Square and Kolmogorov-Smirnov, as well as newer

diagnostics (e.g.,, RMSE, L-Moments) [8]. International reviews confirm that methods remain
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consistent—but performance can vary by region, with Gumbel and Log-Pearson III often
outperforming others for tropical or monsoonal climates [9].

This study investigates rainfall frequency characteristics and derives design rainfall values
for multiple return periods in PT X’s operational area in Kutai Kartanegara, East Kalimantan. The
objectives are to Evaluate the fit of four probabilistic models (Gumbel, Normal, Log-Normal,
Log-Pearson III) using Chi-Square and K-S goodness-of-fit tests, Estimate design rainfall depths for
return periods of 2, 5, 10, 20, 50, and 100 years, using each model, and Compare the performance of
each method and recommend the most suitable distribution for designing water-management
infrastructure in tropical mine sites. The outcomes aim to provide robust, empirical support for

hydrologic design practices in mining contexts with complex tropical rainfall regimes.

2. LITERATURE REVIEW
2.1 Rainfall Analysis

Rainfall refers to the volume of precipitation that falls within a specific region [10].
It plays a crucial role in designing drainage systems, particularly in mining operations,
as the volume of rainfall directly affects the quantity of mine water that must be
managed [11]. However, raw rainfall data cannot be used immediately for the design
of mine water management structures [12]. Instead, it requires further processing to
derive accurate and representative rainfall values. This processed data becomes a
primary input in planning drainage systems for open-pit mines [13].

Rainfall measurement is typically conducted using a rain gauge instrument [14],
which is available in two main types: manual and automatic. These instruments are
usually installed in unobstructed outdoor areas to ensure rainwater is not hindered by
surrounding structures or vegetation. Rainfall data obtained from these instruments is
critical for estimating design rainfall. Two primary statistical methods are commonly
used in analyzing this data: the Annual Series method, which involves selecting the
single highest rainfall value recorded each year; and the Partial Duration Series, which
includes all rainfall events that exceed a predefined threshold, regardless of when they
occur.

Design rainfall refers to the maximum anticipated rainfall that could occur over
the projected lifespan of a given drainage facility [15]. To determine rainfall
corresponding to a specific return period and to assess short-duration rainfall intensity
(e.g., one-hour rainfall), a detailed rainfall analysis must be conducted.

2.2 Normal Distribution Method

The Normal distribution is widely used in hydrological analysis [16], for example
in rainfall frequency analysis, calculation with the normal distribution can practically
be approached by the following equation:

X=X +2.58
Description:

Xr= expected value with T-year return period

x = calculated mean value of the variate
S =standard deviation of the variate value
Z =frequency factor of the normal distribution
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2.3

24

A function of chance or return period is a type of mathematical model of chance
distribution used for chance analysis.
Log-Normal Distribution
The log-normal distribution is the result of the transformation of the normal
distribution [17], namely by changing the value of X to the logarithmic value of X. If Y=
log X, then the calculation with the normal distribution can practicipally be approached

by the following equation:

Yr=Y +zs

Description:

Yr=expected value for the T-annual return period
Y = calculated mean value of the variate

S =standard deviation of the variate value

Z =frequency factor of the normal distribution

A function of chance or return period type.
Gumble Distribution

The Gumble distribution also called the extreme distribution is generally used for
maximum data analysis calculation of planned rainfall according to the Gumble

method [18], has the following formula:

Xr=x+sK
Description:
Xr=estimated value expected to occur with a return period of T-Years
x = calculate mean value of the variate
S =standard deviation of the variate value

K = frequency factor

The probability factor K for extreme Gumble prices can be expressed by the following
equation:
K = YTr_Yn
Sn
Description:
Yr=reduced variated
Yn = reduced mean which depends on the number of samples n

Sn = reduced standard deviation, depending on the amount of data

2.5 Log Pearson Distribution

The log pearson type III distribution is widely used in hydrological analysis,
especially in analyzing data with extreme values [19]. The Log Pearson type III
distribution form is the result of a transformation of the Pearson type III distribution by
replacing the variate with logarithmic distribution can practically be approximated by

the following eaquation:

Yr=Y +K.1s

Description:
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2.6

2.7

2.8

Yr = expected value with T-years return period
Y = calculate mean value of the variate
S =standard deviation of the variate value
Kr = frequency factor, the value of Kr depends on the slope coefficient and
probability
Chi-Square Test
The Chi-Square test is intended to determine whether the distribution equation that
has been selected can represent the statistical distribution of the data sample being
analyzed [20]. Chi-Square test statistics are determined based on the following
equation:
B2
0= T, O
Description:

Xi? = calculated Chi-Square parameter
M =number of categories
Oi =frequency of observation
Ei = expected frequency
Smirnov Kolmogorof Frequency
This suitability test is used to test horizontal deviations. The Smirnov-Kolmogorof
suitability test, often called the non-parametric suitability test, because the test does not
use a specific distribution function [21]. This test is used to test the largest
deviation/difference between observational (empirical) opportunities and theoretical
opportunities.
This test is carried out with the following stages:
1. Sort the maximum daily rainfall data from the smallest to the largest value
2. Plot the maximum daily rainfall price Xt, with the probability price, Sn (x), as in
the equation above
3. Test the suitability of the data using the available table with parameters of the
amount of data (n), confidence level/significance level (a), and Acr
4. Calculate the maximum difference value between the theoretical distribution and
the empirical distribution with the equation:
Amax= | Pe- Pt |
Where to compare the values of Acr and Amax with the provisions if:
Acr > Amax, then the distribution is not accepted
Acr < Amax, then the distribution is accepted
Rainfall Return Period
According to Triatmodjo (2008), the return period is defined as a hypothetical time
at which a certain amount of discharge or rainfall (XT) will be equal to or exceeded once
in that period. Based on discharge or rainfall data for several years of observation, it can
be estimated that the expected discharge/rain will be equal to or exceeded once in T
years; and the discharge/rain is known as discharge/rain with a return period of T years
or annual discharge/rain T. To find the probability, we can use the Weibull equation,

namely:
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while the recurrence period can be found using the equation :
1

Tr=;

With:

m = data ranking sequence number after being sorted from largest to smallest,
n = amount of data or number of events,

P = probability,

Tr = recurrence period

3. METHODS

This study uses annual maximum rainfall data for the period 2013 to 2023 obtained from the
operational area of PT X in Kutai Kartanegara, East Kalimantan. The analysis was conducted to
determine the best probability distribution that can represent rainfall data and calculate the
planned rainfall based on a specified return period. The four probability distribution models used
are Gumbel, Normal, Log-Normal, and Log Pearson Type III. The Gumbel model is used to analyze
extreme events, while the Log-Normal and Log Pearson III distributions are used for data that
shows skewness. The Normal distribution is used as a comparison because it assumes that the data
is symmetrically distributed.

The suitability test was carried out using two statistical approaches, namely the Chi-Square
(x?) test and the Kolmogorov-Smirnov (K-S) test, to assess the suitability between the distribution
model and the actual data. The values of statistical parameters such as mean, standard deviation,
coefficient of variation, skewness, and kurtosis are calculated as the basis for calculating the
distribution. The return period is calculated using the Weibull method to obtain the planned
rainfall value for periods of 2, 5, 10, 20, 50, and 100 years. The distribution model with the best test
results is used as the basis for planning a mine water management system and mitigating
hydrometeorological risks in the study area.

4. RESULTS AND DISCUSSION

4.1 The Rainfall Data
The rainfall data used for the analysis is the annual maximum rainfall data from 2013 - 2023
obtained from PT. X data, the rainfall data used is as follows:

Table 1. Rainfall Data 2013-2023
Rainfall 2013-2023 (mm)
Month 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
January 269.1 1412 1379 2878 81.3 2009 2582 197 189 2616 274
February 1154 1762 29.8 146 10.7 67.8 1472 79 30.7 3351 179
March 1819 1894 582 1362 425 2929 2308 2235 1175 3315 386.5

April 1699 1842 2961 1513 1852 2167 321 2067 795 213 1426
May 177.8 2542 1427 258 1846 3263 1595 2648 273 1604 241
June 152.1 1732 1641 3502 1925 1255 1663 2117 1775 1435 174.8
July 80.8 136 112 425 1193 2513 71 772 1725 1695 133.3
August 673 1325 1782 1.2 55,5 1252 104.6 102 1211 306.7 1655

September 945 1909 57.2 39 2525 1872 445 375 1581 1945 195.6
October 752 1378 584 275 1849 1546 184.8 2728 2181 1499 262

November 1283 946 1567 170 2268 2912 2013 161 181.8 2445 2584
December 134 1205 2826 1241 1147 64.6 198 298 2122 3527 116

Rainfall Max 269.1 2542 296.1 3502 2525 3263 321 298 273 3527 386.5

The table above shows the monthly fluctuations in rainfall in PT. X, Kutai Kartanegara
Regency over the past 11 years, with a general pattern of the rainy season occurring from November
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to April and the dry season from June to September. The highest rainfall was consistently recorded
in January and March, with a peak in March 2023 of 386.5 mm. Conversely, the lowest rainfall
occurred in dry months, such as February 2017 (10.7 mm). Variations between years are quite
significant, reflecting certain climate anomalies, such as high rainfall in August 2022 (306.7 mm).
Overall, these data indicate dynamic climate trends that are important to monitor in environmental
and water resource planning.

4.2 Frequency Analysis of Rainfall Data
1. Calculation of the Gumbel Distribution Method

Table 2. Gumbel Distribution Method

No Years Rmax(Xi) X Xi-X)  (Xi-X)2
1 2013 386.5 3072 7926  6282.7
2 2014 3527 3072 4546  2066.9
3 2015 350.2 3072 4296 1845.9
4 2016 326.3 3072 19.06 3634
5 2017 321 3072 1376 1894
6 2018 298 3072 -9.24 85.3
7 2019 296.1 3072 -11.14 1240
8 2020 273 3072 -3424 11721
9 2021 269.1 3072 -38.14 1454.4

10 2022 254.2 3072 -53.04 28129

11 2023 2525 3072 -54.74 2996.1

Sum 3379.6 Sum 19393.2
Average 307.24 Average 1763.0

Standard Deviation 44.04
Source: Calculation Result

Gumbel Distribution Analysis in Table 2 shows the annual maximum rainfall (Rmax) data
from 2013 to 2023, with an average of 307.2 mm and a standard deviation of 44.04 mm. The difference
between each data point and the average is calculated to determine the data variation, which is then
squared to obtain a total variance of 19,393.2 mm?. These results are the basis for estimating the
planned rainfall using the Gumbel formula, which is important in hydrological planning to
determine extreme rainfall based on a certain return period.

2. Calculation of Normal Distribution Method

Table 3. Normal Distribution Method

No Years Rmax(Xi) X Xi-X)  (Xi-X)?
1 2013 386.5 307236 79.26  6282.724
2 2014 352.7 307.236 4546  2066.942
3 2015 350.2 307236  42.96  1845.874
4 2016 326.3 307.236  19.06  363.422
5 2017 321 307.236 1376  189.438
6 2018 298 307.236 -9.24 85.310
7 2019 296.1 307236 -11.14  124.019
8 2020 273 307.236  -34.24 1172129
9 2021 269.1 307236 -38.14  1454.382

10 2022 254.2 307.236  -53.04  2812.856

11 2023 252.5 307.236  -54.74  2996.070

Sum 3379.6 Sum 19393.165
Average 307.23636 Average 1763.015

Standard Deviation 44.037672
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Source: Calculation Result

The normal distribution analysis of the annual maximum rainfall frequency from 2013 to 2023
shows that the average maximum rainfall (X) is 307.24 mm, with a standard deviation of 44.037 mm.
The difference between each rainfall value (Xi) and the average is calculated to determine the
distribution of the data, and the squared result of the difference produces a total variance of 19,393.17
mm?. Since these values are relatively symmetrically distributed around the average, this data is
suitable for analysis using a normal distribution, which can be used to estimate the probability of
extreme rainfall events based on a certain frequency or return period.

3. Calculation of Log Normal Distribution Method

Table 4. Log Normal Distribution Method

No Years Rwmax(Xi) LogXi LogXi-Log Xaverage (Log Xi - Log X average)?

1 2013 386.5 2.587 0.1037 0.01075

2 2014 352.7 2.547 0.0639 0.00409

3 2015 350.2 2.544 0.0608 0.00370

4 2016 326.3 2.514 0.0301 0.00091

5 2017 321.0 2.507 0.0230 0.00053

6 2018 298.0 2.474 -0.0093 0.00009

7 2019 296.1 2.471 -0.0120 0.00014

8 2020 273.0 2.436 -0.0473 0.00224

9 2021 269.1 2.430 -0.0536 0.00287
10 2022 254.2 2.405 -0.0783 0.00613
11 2023 252.5 2.402 -0.0812 0.00659

Sum 3379.6 27318 Sum 0.038040408

Average 307.2 2.483
S LogX 0.0617
Source: Calculation Result

The Log Normal Distribution Method table shows the analysis of the annual maximum
rainfall (Rmax) in 2013 to 2023 using the log normal distribution approach. Each Rmax value is
converted to logarithmic form (log Xi), then the difference with the log average (log X'=2.483), and
squared to obtain the logarithmic variance. The results show a log average rainfall of 2.483 and a
logarithmic standard deviation (S LogX) of 0.0617, reflecting the log-normal data distribution. This
analysis is used to predict extreme rainfall in a certain return period more accurately on asymmetric
data.

4. Calculation of Log Pearson Type III Distribution Method

Table 5. Log-Pearson Type III Distribution Method

No Years MAX(XX)  LOGXi L°;5Z:‘ “LO8  (1og Xi-Log X avense)?  (Log Xi - Log X Aversge)?
verage

1 2013 2691 2429913698  -0.05356 0.00287 -0.00015
2 2014 2542 2405175546  -0.07829 0.00613 -0.00048
3 2015 2961 2471438407  -0.01203 0.00014 0.00000
1 2016 3502 2544316142 0.06085 0.00370 0.00023
5 2017 2525 2402261382  -0.08121 0.00659 -0.00054
6 2018 3263 2513617074  0.03015 0.00091 0.00003
7 2019 321 2506505032 0.02304 0.00053 0.00001
8 2020 298 2474216264  -0.00925 0.00009 0.00000
9 2021 273 2436162647  -0.04731 0.00224 -0.00011
10 2022 3527 2.54740546 0.06394 0.00409 0.00026
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11 2023 386.5 2.587149498 0.10368 0.01075 0.00111
Sum 3379.6 27.31816115 Sum 0.03804 0.00036
Average  307.2363636
SLOGX 0.0617
Cs 0.1892

Source: Calculation Result

The Log-Pearson Type III Distribution Method table presents the analysis of the annual
maximum rainfall (Rmax) from 2013 to 2023 using the Log-Pearson Type III distribution approach,
which is commonly used in hydrology to model extreme data with asymmetric tendencies. The
Rmax value is converted to the logarithm (Log Xi), then the difference is calculated from the log
mean (Log X'=2.483), the square of the difference for the variance (0?), and the cube of the difference
to calculate the skewness coefficient (Cs). The analysis results show a logarithmic standard deviation
(S Log X) of 0.0617 and a skewness (Cs) of 0.1892, indicating slight positive asymmetry. This
distribution allows for more accurate estimation of design rainfall based on return periods for data
that does not follow a perfect normal distribution.

4.3 Frequency Distribution Goodness-of-Fit Test
1. Chi-Square Test

Table 6. Chi Square value of Gumbel distribution method

Number of data
No Class Limit X — Oj-Ej (Oj- Ej)¥/Ej
Ej ]

1 <269.68 2.75 3 0.25 0.022727273
2 269.68 - 300.21 2.75 3 0.25 0.022727273
3 300.21-338.93 2.75 2 -0.75  0.204545455
4 >338.93 2.75 3 0.25 0.022727273
Sum 11 11 0 0.272727273

Conclusion

a  X2critical Description
5% 3.841 Accepted
1% 0.635 Accepted

Source: Calculation Result

The Gumbel Distribution Chi-Square Test Table shows the suitability test of the annual
maximum rainfall data to the Gumbel distribution. The data is divided into four classes based on the
distribution value limits, then compared between the expected frequency (Ej=2.75) and the observed
frequency (Oj). The difference (Oj-Ej) is calculated and squared to obtain the value (Oj—Ej)*/Ej, which
is then added up to a total Chi-Square value of 0.273. This value is compared to the critical Chi-
Square value at the 5% (3.841) and 1% (0.635) significance levels, and because the test results are
smaller than both, the Gumbel distribution is accepted as an appropriate model for the maximum
rainfall data.

Table 7. Chi Square value of Normal distribution method

Number of data
No Class Limit ) — O0j-Ej (Oj- Ej)Y/Ej
Ej Oj
1 <277.73 2.75 4 1.25 0.568
2 277.73 - 307.24 2.75 2 -0.75 0.205
3 307.24 - 336.74 2.75 2 -0.75 0.205
4 >336.74 2.75 3 0.25 0.023
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Sum 11 11 0 1.00
Conclusion

o X2 critical ~ Description
5% 3.841 Accepted
1% 0.635 Rejected

Source: Calculation Result

The total Chi-Square value obtained is 1.00. This result is compared with the critical Chi-
Square value at the significance level:

a = 5% (critical value 3.841): accepted, because 1.00 < 3.841
a =1% (critical value 0.635): rejected, because 1.00 > 0.635

The normal distribution can still be accepted at the 5% significance level, but is rejected at a
stricter level of 1%, which indicates that the fit of the normal distribution to the data is not as strong
as other distributions.

Table 8. Chi Square value of Log-Normal distribution method
Number of data

No Class Limit E; oi Oj-Ej (Oj- Ej)¥/Ej
1 <276.79 2.75 4 1.25 0.568
2 276.79 - 304.42 2.75 3 0.25 0.023
3 304.42 - 334.81 2.75 2 -0.75 0.205
4 >334.81 2.75 2 -0.75 0.205
Sum 11 11 0 1.00
Conclusion

o X2critical Description

5% 3.841  Accepted

1% 0.635 Rejected
Source: Calculation Result

The results of all classes are summed up and produce a total Chi-Square value of 1.00. This
result is compared to the critical value at the significance level:

5% (x2=3.841): accepted, because 1.00 < 3.841
1% (x? = 0.635): rejected, because 1.00 > 0.635

The log normal distribution is still appropriate and accepted at the 5% significance level, but

rejected at the 1% significance level, which means this model is quite good, but not as accurate as
when tested at a higher level of confidence.

Table 9. Chi Square value of Log-Pearson Type III distribution method

No Class Limit Number of data Oj-Ej (Oj- Ej)?/Ej
O
1 <276.65 2.75 4 1.25 0.568
2 276.65 - 302.35 2.75 2 -0.75 0.205
3 302.35-338.23 2.75 2 -0.75 0.205
4 >338.23 2.75 3 0.25 0.023
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Sum

11

11

1.00

Conclusion

o X2 critical

Description

5%

3.841 Accepted

1%

0.635 Rejected

Source: Calculation Result

The total number of chi-square values produced is 1.00. These results are compared with
the critical value of Chi-Square:

a = 5% (critical value 3.841): accepted, because 1.00 < 3.841
a =1% (critical value 0.635): rejected, because 1.00 > 0.635

The Log Pearson III distribution is accepted at the 5% significance level, but not accepted at
the 1% level, which means that this model is quite suitable to represent maximum rainfall data, but
is less strong when tested at a stricter significance level.

2. Kolmogorov-Smirnov Test (K-S Test)

Table 10. K-S Test Value of Gumbel Distribution Method

No Years Max(Xi) RMax(mm) m Pe(R) K Yt Tr P{R] (Pe-Pt)
1 2013 269.1 386.5 1 0.08 1.80 224 991 0.10 0.018
2 2014 254.2 352.7 2 017 1.03 150 499 020 0.034
3 2015 296.1 350.2 3 025 098 144 476 021 0.040
4 2016 350.2 326.3 4 033 043 092 3.04 0.33 0.004
5 2017 2525 321 5 042 031 080 277 0.36 0.055
6 2018 326.3 298 6 050 -021 030 191 052 0.024
7 2019 321 296.1 7 058 -025 025 185 0.54 0.044
8 2020 298 273 8 067 -078 -025 138 0.72 0.057
9 2021 273 269.1 9 075 -087 -034 133 0.75 0.004
10 2022 352.7 254.2 10 0.83 -120 -0.67 1.17 0.86 0.024
11 2023 386.5 2525 1 092 -124 -070 1.15 0.87 0.049
Sum 3379.60 Acale 0.057
Average 307.24
Standard Deviation 44.04
lots of data 11
Yn 0.4995
Sn 0.9676
Conclusion
a Acritical Acalc
5% 0.41 Accepted
1% 0.49 Accepted

Source: Calculation Result

The following table of Smirnov-Kolmogorov Calculation of Gumbel Distribution shows the
suitability test between the empirical distribution of the annual maximum rainfall data and the
theoretical Gumbel distribution, using the Kolmogorov-Smirnov (K-S) method. The data is sorted

by the maximum value (R), then the empirical probability (Pe) and theoretical probability (Pt) of the
Gumbel distribution are calculated. The absolute difference between Pe and Pt at each point (|Pe -
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Ptl) is called A, and the maximum value of this difference is used as the calculated A, which is 0.057.
The calculated Avalue is compared with the critical Avalue at the significance level:

a = 5% (Acritical = 0.41): accepted, because 0.057 < 0.41
ot = 1% (Acritical = 0.49): accepted, because 0.057 < 0.49

Based on the Smirnov-Kolmogorov test, the Gumbel distribution is accepted as a model that
fits the annual maximum rainfall data at both the 5% and 1% significance levels, because the
calculated Avalue is smaller than the critical limit. This indicates that the Gumbel distribution is
statistically representative enough to model the rainfall data.

Table 11. K-S Test Value of Normal Distribution Method

NO Years RMAX(Xi) Rsequence m Pe[R] Z/Kt Pt[R] (Pe[R]- Pt[R])
1 2013 269.1 386.5 1 008 180 0.08 0.003
2 2014 254.2 352.7 2 0167 1.03 0.15 0.017
3 2015 296.1 350.2 3 0250 098 0.22 0.030
4 2016 350.2 326.3 4 0333 043 0.23 0.101
5 2017 252.5 321 5 0417 031 032 0.100
6 2018 326.3 298 6 0500 -021 048 0.020
7 2019 321 296.1 7 058 -025 0.54 0.047
8 2020 298 273 8 0667 -0.78 0.58 0.089
9 2021 273 269.1 9 0750 -0.87 0.71 0.040
10 2022 352.7 2542 10 0.833 -120 0.79 0.045
11 2023 386.5 2525 11 0917 -124 0.89 0.027
Sum 3379.60 Acalc 0.101
Average 307.24
Standard Deviation 44.04
lots of data 11
Conclusion
a Acritical Acalc
5% 0.41 Accepted
1% 0.49 Accepted

Source: Calculation Result

The maximum rainfall data from 2013 to 2023 is sorted by value (Rurut), then the empirical
probability is calculated (Pe[R] =m/n+1) and compared with the theoretical probability of the normal
distribution (Pt[R]) obtained from the Z value (standard normal). The absolute difference between
Pe and Pt is calculated at each point, and the highest value is used as Acalc, which is 0.101. This value
is compared with Acritical at two levels of significance:

a=5% (Acritical = 0.41) — 0.101 < 0.41 — accepted
a=1% (Acritical = 0.49) — 0.101 < 0.49 — accepted

The normal distribution is accepted as a suitable model for the annual maximum rainfall

data based on the Smirnov-Kolmogorov test, because the calculated Avalue is much smaller than the
Acritical value at both the 5% and 1% significance levels. This shows that the normal distribution can
statistically represent the data distribution well.

Table 12. K-S Test Value of Log Normal Distribution Method

No Years MAX(Xi)

Rsequence

Log Xi

RlOgsequence

m Pe[R]

Z/Kt

Pt[R]

(Pe[R] - Pt[R])
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1 2013 269.1 386.5 2.430 2.587 1 0.08 1.6800 0.0515108 0.031822533
2 2014 254.2 352.7 2.405 2.547 2 0.17 1.0316 0.157115607 0.00955106
3 2015 296.1 350.2 2.471 2.544 3 0.25 0.9829 0.167946399 0.082053601
4 2016 350.2 326.3 2.544 2.514 4 0.33 0.4966 0.320983008 0.012350326
5 2017 2525 321 2.402 2.507 5 042 0.3831 0.361078627 0.05558804
6 2018 326.3 298 2.514 2.474 6 0.50 -0.1518 0.550100831 0.050100831
7 2019 321 296.1 2.507 2.471 7 0.58 -0.2004 0.567284667 0.016048666
8 2020 298 273 2.474 2.436 8 0.67 -0.7678 0.658002818 0.008663848
9 2021 273 269.1 2.436 2.43 9 0.75 -0.8650 0.67828267 0.07171733
10 2022 352.7 2542 2.547 2.405 10 0.83 -1.2703 0.762782055 0.070551279
11 2023 386.5 252.5 2.587 2.402 11 0.92 -1.3189 0.772921981 0.143744686
Sum 27.3170 ACalc 0.143744686
Average 2.4834
Standard Deviation 0.0617
lots of data 11
Conclusion
o Acritical Acalc

5% 0.41 Accepted

1% 0.49 Accepted

Source: Calculation Result

Table 12 shows the results of the Kolmogorov-Smirnov test for the log-normal distribution of
the annual maximum rainfall data. The maximum value of the difference between the empirical
probability (Pe) and the theoretical probability (Pt) is Acalc = 0.144. Since Acalc is smaller than the
critical value at the 5% (0.41) and 1% (0.49) significance levels, the log-normal distribution is accepted
as an appropriate model for the data.

Table 13. K-S Test Value of Log-Pearson III Distribution Method

NO Years MAX(Xi) LOG Xi Logsequence m  Pe[R] K Pt[R] (Pel[R] - Pt[R])
1 2013 269.1 2.43 2.587 1 0.08 1679 0.056 0.02749
2 2014 254.2 2.41 2.547 2 017 1.030 0.158 0.00915
3 2015 296.1 2.47 2.544 3 025 0981 0.168 0.08212
4 2016 350.2 2.54 2.513 4 033 0479 0.322 0.01087
5 2017 2525 2.40 2.506 5 042 0365 0.362 0.05470
6 2018 3263 2.51 2.474 6 050 -0.154 0.528 0.02770
7 2019 321 2.51 2.471 7 058 -0.202 0.539 0.04461
8 2020 298 2.47 2.436 8 067 -0770 0.667 0.00062
9 2021 273 2.44 2.422 9 075 -0.997 0.719 0.03128
10 2022 352.7 2.55 2.405 10 083 -1.272 0.781 0.05217
11 2023 386.5 2.59 2.402 11 092 -1.321 0.792 0.12448

Sum 27.31816115 ACalc 0.12448
Average 2.483469196
Standard Deviation 0.061676907
lots of data 11
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CS 0.189256946

Conclusion

a  Acritical Acalc

5% 0.41 Accepted

1% 0.49 Accepted

Source: Calculation Result

Table 13 shows the results of the Kolmogorov-Smirnov test on the annual maximum rainfall
data using the Log Pearson Type III distribution. The empirical probability (Pe[R]) is compared with
the theoretical probability (Pt[R]) of the log Pearson IIl model. The maximum difference between the
two produces a value of Acalc =0.124.

Because Acalc is smaller than the critical value at the significance level:

5% (0.41) — accepted
1% (0.49) — accepted

The Log Pearson Type III distribution is accepted as a suitable model for the annual
maximum rainfall data, because the results of the Kolmogorov-Smirnov test show suitability at the
5% and 1% significance levels.

4.4 Planning Rainfall Data
1. Gumbel Distribution Plan Rainfall Data

Table 14. Gumbel Distribution Plan Rainfall
Rainfall Plan Period Year - Gumbel Method

Return Period YT K Rainfall
2 0.366 -0.1379702 301.160476
5 1.499 1.03296817 352.725877
10 2.2502 1.80932203 386.914694
25 3.1985 2.78937578 430.073979
50 3.9019 3.51632906 462.087309
100 4.6001 4.23790823 493.863976

Source: Calculation Result

This table presents the results of the design rainfall calculation based on the Gumbel Method
for a return period of 2 to 100 years. As the return period increases, the frequency factor (K) and
maximum rainfall values increase, indicating that greater extreme rainfall is likely to occur over a
longer period of time. For example, the maximum rainfall for a 2-year period is 301.16 mm, while for
100 years it reaches 493.86 mm.

2. Normal Distribution Plan Rainfall Data

Table 15. Normal Distribution Plan Rainfall
Rainfall Plan Period Year — Normal Method

Return Period KT Rainfall
2 0 307.2363636
5 0.84 344.228008
10 1.28 363.6045837
20 1.64 379.4581455
50 2.05 397.513591
100 2.33 409.8441391
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Source: Calculation Result

As the return period increases, the KT value and maximum rainfall increase. For example,
for the 2-year Return Period the maximum rainfall is estimated to be 307.24 mm, while for the 100-
year Return Period it reaches 409.84 mm. This reflects that the less frequent the extreme rainfall
events, the higher the rainfall intensity is expected.

3. Log Normal Distribution Plan Rainfall Data

Table 16. Log Normal Distribution Plan Rainfall
Rainfall Plan Period Year — Log Normal Method

Return Period KT LOGXT Rainfall
2 0  2.483469196 304.4172059
5 0.84 2.535277797 342.9871086
10 1.28 2.562415636 365.1031972
20 1.64 2584619322 384.2548187
50 2.05 2.609906854 407.2929138
100 2.33 2.627176388 423.8150629

Source: Calculation Result

As the return period increases, LOG XT and maximum rainfall increase. For example, for the
2-year Return Period, the rainfall is 304.42 mm, while for the 100-year Return Period it increases to
423.82 mm. The log normal distribution is used because it is more suitable for hydrological data that
is often skewed to the right (positive skew).

4. Log Person III Distribution Plan Rainfall Data

Table 16. Log Person III Distribution Plan Rainfall
Rainfall Plan Period Year — Log Person III Method

Return Period KTR Rainfall
2 -0.031 303.068

5 0.831 342547

10 1.300 366.168

25 1.814 393.931

50 2.153 413.364

100 2.464 432.028

Source: Calculation Result

The table shows that the larger the rainfall return period, the higher the design rainfall,
reflecting a higher probability of extreme rainfall. For example, the design rainfall for a 2-year rainfall
return period is 303.07 mm, while for 100 years it reaches 432.03 mm. The Log Pearson III distribution
is very useful for describing rainfall data that is not symmetrical and has positive skewness.

CONCLUSION
The conclusions of this research are:

1. Based on the Chi-Square test, all probability distribution models (Gumbel, Normal,
Log-Normal, and Log Pearson Type III) are statistically acceptable at the 5%
significance level, as the calculated chi-square values are less than the critical value
(X2calc < xZcrit). However, at the 1% significance level, only the Gumbel distribution
meets the acceptance criteria, while the Normal, Log-Normal, and Log Pearson Type III
distributions do not. Furthermore, the Kolmogorov-Smirnov test indicates that all four
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distributions are acceptable at both significance levels, as the maximum deviation
values (Acalc) are below the critical thresholds.

2. From the design rainfall calculations for return periods of 2, 5, 10, 20, 50, and 100 years
using the four distribution methods, it is found that for the 2-year return period, the
Normal distribution yields the highest rainfall value of 307.23 mm. For the 5- to 100-
year return periods, the Gumbel distribution consistently produces the highest values:
352.72 mm (5 years), 386.91 mm (10 years), 430.07 mm (20 years), 462.08 mm (50 years),
and 493.86 mm (100 years). These results suggest that the Gumbel distribution is the
most suitable model for representing extreme rainfall events in the study area.
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