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A Study on Empirical Distribution Function with Unknown Shape Parameter
and Extreme Value Weight for Three Parameter Weibull Distribution
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Abstract

The most important procedure in frequency analysis is to determine the appropriate probability distribution
and to estimate quantiles for a given return period. To perform the frequency analysis, the goodness—of—fit
tests should be carried out for judging fitness between obtained data from empirical probability distribution
and assumed probability distribution. The previous goodness-of-fit could not consider enough extreme
events from the recent climate change. In this study, the critical values of the modified Anderson-Darling
test statistics were derived for 3—parameter Weibull distribution and power test was performed to evaluate
the performance of the suggested test. Finally, this method was applied to 50 sites in South Korea. The result
shows that the power of modified Anderson-Darling test has better than other existing goodness-of-fit
tests. Thus, modified Anderson-Darling test will be able to act as a reference of goodness-of-fit test for
3-parameter Weibull model.
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Table 1. Modified Anderson—Darling Test Statistics for the Weibull Distribution

sample size | shape parameter significance levels (p)

(n) (3) 0.2 0.15 0.1 0.05 0.01

10 15 0.15817 0.17197 0.19181 0.22267 0.30632
10 2.0 0.15771 0.17239 0.19212 0.22329 0.30759
10 2.2 0.15840 0.17298 0.19249 0.22417 0.30764
10 2.4 0.15877 0.17351 0.19313 0.22470 0.30954
10 2.6 0.15889 0.17353 0.19324 0.22500 0.30790
10 2.8 0.15897 0.17387 0.19356 0.22529 0.31239
10 3.0 0.15876 0.17367 0.19359 0.22535 0.31219
10 4.0 0.15942 0.17433 0.19449 0.22696 0.31075
10 5.0 0.16042 0.17450 0.19457 0.22709 0.30854
10 9.0 0.16135 0.17558 0.19565 0.22904 0.31305
30 15 0.17116 0.18765 0.21090 0.25173 0.34611
30 2.0 0.17346 0.19007 0.21467 0.25648 0.35480
30 2.2 0.17422 0.19123 0.21555 0.25836 0.35505
30 2.4 0.17462 0.19136 0.21605 0.25901 0.35710
30 2.6 0.17544 0.19234 0.21672 0.26030 0.35992
30 2.8 0.17593 0.19277 0.21813 0.26067 0.36279
30 3.0 0.17638 0.19348 0.21884 0.26285 0.36635
30 4.0 0.17804 0.19587 0.22139 0.26687 0.36869
30 5.0 0.17862 0.19634 0.22183 0.26768 0.37057
30 9.0 0.17742 0.19538 0.22094 0.26582 0.36917
50 15 0.17429 0.19045 0.21513 0.25393 0.34926
50 2.0 0.17705 0.19390 0.21801 0.25804 0.35441
50 2.2 0.17832 0.19566 0.21896 0.25938 0.35365
50 2.4 0.17885 0.19644 0.21948 0.26017 0.35531
50 2.6 0.17929 0.19764 0.22041 0.26143 0.35872
50 2.8 0.17957 0.19792 0.22090 0.26191 0.36000
50 3.0 0.17985 0.19829 0.22134 0.26290 0.36215
50 4.0 0.18218 0.20103 0.22509 0.26808 0.37278
50 5.0 0.18334 0.20260 0.22702 0.26995 0.37568
50 9.0 0.18279 0.20232 0.22625 0.26854 0.37438
100 15 0.17808 0.19531 0.21717 0.25826 0.34595
100 2.0 0.17819 0.19548 0.21750 0.25835 0.34432
100 2.2 0.17929 0.19652 0.22013 0.25953 0.34966
100 2.4 0.17972 0.19687 0.22161 0.26086 0.35393
100 2.6 0.18070 0.19736 0.22257 0.26213 0.36061
100 2.8 0.18119 0.19761 0.22286 0.26308 0.36021
100 3.0 0.18178 0.19844 0.22422 0.26540 0.36143
100 4.0 0.18474 0.20125 0.22765 0.26956 0.36812
100 5.0 0.18693 0.20346 0.23056 0.27292 0.37426
100 9.0 0.18882 0.20579 0.23183 0.27378 0.37725
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Table 2. Regression Coefficient and Determination Coefficient

G Significance levels (p)
0.2 0.15 0.1 0.05 0.01
a 0.17742 0.19350 0.21669 0.25348 0.33112
b -0.34385 -0.34412 -0.37891 -0.32226 0.15638
c 0.75994 0.46665 0.20319 -1.35596 -6.88932
d 0.00361 0.00428 0.00533 0.00730 0.01392
e -0.00026 -0.00031 -0.00039 -0.00054 -0.00108
R? 0.99154 0.98980 0.98836 0.98134 0.96818
Table 3. Power of Goodness-of-Fit Test
= Applied distribution : Weibull
Alternative n=10 n=30
Distribution | g KS | CVM | AD | mAD Cs KS | CVM | AD | mAD
NOR 0.016 0.000 0.000 0.056 0.059 0.037 0.000 0.000 0.056 0.079
CAU 0.106 0.000 0.000 0.222 0.224 0.539 0.072 0.097 0.793 0.740
LGS 0.013 0.000 0.000 0.055 0.067 0.039 0.000 0.000 0.113 0.120
GEV 0.010 0.000 0.000 0.052 0.070 0.036 0.000 0.000 0.049 0.072
GLO 0.011 0.000 0.000 0.052 0.066 0.036 0.000 0.000 0.067 0.092
GPA 0.014 0.000 0.000 0.068 0.104 0.044 0.000 0.000 0.111 0.193
EXP 0.014 0.000 0.000 0.070 0.117 0.052 0.000 0.000 0.111 0.204
WBU 0.010 0.000 0.000 0.052 0.067 0.033 0.000 0.000 0.056 0.084
Alternative n=50 n=100
Distribution | CS KS | CVM | AD | mAD Cs KS | CVM | AD | mAD
NOR 0.042 0.000 0.000 0.058 0.087 0.040 0.000 0.000 0.072 0.099
CAU 0.833 0.316 0.416 0.955 0.911 0.997 0.900 0.944 0974 0.945
LGS 0.045 0.000 0.000 0.155 0.164 0.066 0.000 0.000 0.297 0.310
GEV 0.037 0.000 0.000 0.049 0.071 0.039 0.000 0.000 0.050 0.072
GLO 0.040 0.000 0.000 0.085 0.108 0.045 0.000 0.000 0.119 0.148
GPA 0.052 0.000 0.000 0.148 0.262 0.062 0.000 0.000 0.223 0.384
EXP 0.055 0.000 0.000 0.142 0.263 0.058 0.000 0.000 0.193 0.345
WBU 0.036 0.000 0.000 0.060 0.098 0.039 0.000 0.000 0.066 0.115
oe] A= A4 el mE 7174 A& vEhd 1 £ el o 7R =58 I ¢ U &
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Site Name Number of Data Site Name Number of Data
Sokcho 36 Wan-do 33
Daegwallyeong 30 Jinju 35
Chuncheon 37 Ganghwa 33
Gangneung 46 Yangpyeong 32
Seoul 5 Icheon 33
Incheon 51 Inje 32
Wonju 32 Hongcheon 32
Ulleung—do 53 Jecheon 33
Suwon 40 Boeun 33
Seosan 36 Asan 33
Uljin 33 Boryeong 32
Chungju 37 Buyeo 33
Daejeon 35 Geumsan 32
Chupungnyeong 49 Buan 31
Andong 30 Imsil 32
Pohang 50 Jeong—eup 32
Gunsan 36 Namwon 32
Daegu 88 Suncheon 32
Jeonju 63 Jangheung 33
Ulsan 57 Haenam 33
Gwangju 65 Goheung 32
Busan 61 Yeongju 32
Tongyeong 36 Mungyeong 32
Mokpo 81 Yeongdeok 32
Yeosu 61 Uiseong 32
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Table 5. Number of Rejection for Each Site

Site Name CS KS |[CVM | AD | mAD Site Name CS KS |CVM | AD | mAD
Sokcho 0 0 0 0 0 Wan-do 0 0 0 0 0
Daegwallyeong 1 0 0 2 4 Jinju 0 0 0 1 1
Chuncheon 0 0 0 0 2 Ganghwa 0 0 0 0 0
Gangneung 0 0 0 0 2 Yangpyeong 0 0 0 0 0
Seoul 0 0 0 0 0 Icheon 0 0 0 0 0
Incheon 0 0 0 0 0 Inje 2 0 0 0 0
Wonju 0 0 0 0 1 Hongcheon 0 0 0 0 0
Ulleung-do 4 0 0 6 6 Jecheon 2 0 0 1 2
Suwon 1 0 0 0 0 Boeun 0 0 0 0 0
Seosan 0 0 0 2 2 Asan 2 0 0 0 0
Uljin 4 0 0 3 3 Boryeong 0 0 0 2 2
Chungju 2 0 0 2 2 Buyeo 0 0 0 0 0
Daejeon 2 0 0 0 0 Geumsan 0 0 0 0 1
Chupungnyeong 0 0 0 0 0 Buan 3 0 0 5 7
Andong 5 0 0 1 1 Imsil 0 0 0 0 0
Pohang 1 0 0 1 1 Jeong-eup 2 0 0 3 5
Gunsan 1 0 0 0 0 Namwon 3 0 0 5 4
Daegu 4 0 0 2 0 Suncheon 0 0 0 0 0
Jeonju 1 0 0 0 0 Jangheung 1 0 0 2 2
Ulsan 0 0 0 0 0 Haenam 0 0 0 0 1
Gwangju 0 0 0 0 0 Goheung 1 0 0 0 1
Busan 2 0 0 3 4 Yeongju 0 0 0 0 1
Tongyeong 2 0 0 2 2 Mungyeong 2 0 0 4 2
Mokpo 2 0 0 0 0 Yeongdeok 0 0 0 0 0
Yeosu 1 0 0 0 0 Uiseong 1 0 0 3 4
Table 6. Results of Goodness—of-Fit Test
(a) Wonju, 3hr (b) Uljin, Shr
ML ML
Test COM. TAB. CHECK Test COM. TAB. CHECK
CS 3.625 5.990 Accept CS 2.091 5.99 Accept
KS 0.130 0.234 Accept KS 0.150 0.231 Accept
CVM 0.066 0.461 Accept CVM 0.107 0.461 Accept
AD 0.413 0.513 Accept AD 0.644 0.515 Reject
mAD 0.264 0.259 Reject mAD 0.312 0.263 Reject
(c) Icheon, 2hr (d) Boryeong, 6hr
ML ML
Test COM. TAB. CHECK Test COM. TAB. CHECK
CS 5.000 5.990 Accept CS 2.500 5.990 Accept
KS 0.112 0.231 Accept KS 0.118 0.234 Accept
CVM 0.089 0.461 Accept CVM 0.107 0.461 Accept
AD 0.525 0.512 Reject AD 0.664 0.515 Reject
mAD 0.275 0.256 Reject mAD 0.308 0.263 Reject
(e) Geumsan, 2hr (f) Buan, 15hr
PWM ML
Test COM. TAB. CHECK Test COM. TAB. CHECK
CS 4.750 5.990 Accept CS 3.677 3.840 Accept
KS 0.096 0.234 Accept KS 0.121 0.238 Accept
CVM 0.073 0.461 Accept CVM 0.071 0.461 Accept
AD 0.484 0.513 Accept AD 0.466 0.508 Accept
mAD 0.262 0.259 Reject mAD 0.288 0.252 Reject
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