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Comparative Analysis of Flood Frequency by L-moment in Weibull-3
and GEV Distributions
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Abstract

This study was conducted to derive optimal design floods by Generalized Extreme
Value(GEV) and Weibull-3 distributions for the annual maximum series at ten watersheds
along Han, Nagdong, Geum, Yeongsan and Seomjin river systems. Adequacy for the
analysis of flood data used in this study was established by the fests of Independence,
Homogeneily, detection of Outliers, L-coefficient of variation, L-skewness and L-kurtosis
were calculated by L-moment ratio respectively, Parameters were estimated by the
Methods of Moments and L-Moments. Design floods obtained by Methods of Moments
and L-Moments using different methods for plotting positions in GEV and Weibull-3
distributions were compared by the Relative Mean Errors(RME) and Root Mean Square
Errors(RMSE).

The result was found that design floods derived by the L-moments using Weibull
plotting position formula in the GEV distribution are much closer to those of the observed
data in comparison with those obtained by L-moments using the other formulas for
plotting positions from the viewpoint of Relative Mean Errors and Root Mean Square
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Table 1. Grubbs and Beck test for detection of
outliers

Grubbs and Beck test

River Station Test
Kv | Xy | XL

Han Yeoju 26710 (1735951 5122 | ©

Qanyang 23840 | 50924 | 2747 | ©
Nagdong Wolpo 25180 | 23233 | 971 o)

Waegwan | 26810 (1118351107421 ©
Geum Kongju | 26910 122295 4424 | ©
Nampyeong| 25770 | 8125 | 1452 | ©
Yeongsan |- Mareuk {26500 | 13725 | 770 | ©
Naju 2.6610| 67261 | 2384 | ©
Abrog 2.6390 | 11022.1 | 3327 | ©

Seomnjin
Songjung | 2.5770 | 6360.1 [ 11625| ©

Ky G-B statistic tabulated for various sample
size and 10% significance level

X Critical quantity of high outhers

X @ Cnfical quantity of low outliera

O Accept at a level of 10% significance level
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Fig. 1. G-B test for detection of high and low
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kn Statistic

1 2.6718 (164 conf idence level)

outliers at Yeoju watershed of Han river

Table 2. Results of L-coefficient of variation(L-CV),

L-skewness and L-kurtosis

) ) L-moment ratios
River Station
L-CV |L-skewness| L-kurtosis

Han Yeoju 0.3359 0.2093 0.1311

Sanyang | 0.2837 0.1931 0.0988

Nagd™ ' e |03318] 02537 02154

ong

Waegwan | 0.2377 0.1662 0.1866

Geum | Kongju |[0.3343 0.2444 01125

Nampyeong| 0.1971 0.2039 0.1619

Y‘Z‘;ig' Mareuk | 0.2866 | 0.1677 0.1508

Naju 0.3017 0.0990 0.0734

Seo- Abrog | 0.3362 0.1833 0.0993

mun | Sengjung |0.1915 01775 0.2073
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Tahle 3. Kolmogorov-Smirnov test for the Generalized extreme-value distribution and Weibull-3 distribution

using methods of moments and L-moments

Method of moments Method of L-moments
Distribution River Station
D, Dy 05 Test D, Dy g5 Test
Han Yeoju 0.0833 0.2130 o} 0.0822 0.2130 [}
Sanyang 0.1121 0.2617 o) 0.0854 0.2617 (o]
Nagdong Wolpo 0.0865 0.2617 o 0.0939 0.2617 o
Waegwan 0.0733 0.2150 ) 0.0688 0.2150 o]
Geum Kongju 0.1277 0.2124 o 0.0989 02124 o)
GEV
Nampyeong 0.1055 0.2443 o 0.0859 0.2443 o
Yeongsan Mareuk 0.0802 0.2236 0 0.0783 0.2236 e}
Naju 0.0715 0.2206 o) 0.0718 0.2206 o
Abrog 0.0821 0.2267 o} 00732 0.2267 o)
Seomjin
Songjung 0.0908 0.2443 [¢) 0.0968 0.2443 0
Han Yeoju 0.0845 0.2130 o 0.0805 0.2130 o
Sanyang 0.0847 0.2617 o) 0,0949 0.2617 o)
Nagdong Wolpo 0.1157 0.2617 o} 0.0999 0.2617 o
Waegwan 0.0644 0.2150 o] 0.0613 0.2150 o}
Geum Kongiu 0.0943 0.2124 o] 0.0690 0.2124 [}
Welbull-3
Nampyeong 0.0676 0.2443 o} 0.0715 0.2443 o
Yeongsan Mareuk 0.0791 0.2236 o 0.0739 0.2236 0
Naju 0.0736 0.2206 o} 0.0801 0.2206 o
Abrog 0.0576 0.2267 o 0.0557 0.2267 o}
Seomjin
Songung 0.1078 0.2443 o] 0.0858 0.2443 o)
O : Significance level can't be acknowledged
X @ Significance level can be acknowledged
Pl e mf(NE 1) reoeeeomsseomeemsrnnssensenas (18) Zzzy 49z GEV 223 2 Weibul-3
BExPEe FuEY 3 L-mulEyd o8 f%
P=1—(m—0.5)/N seeeesesmiinenn (19) g W=l dAZsge By 242 33 4uH
L 2HRelative Mean Error, RME)$ AF=4
P=1~(m—0,4)/(N+0.2) --rrmmrmersiens (20) A 3222 (Root Mean Square Error, RMSE)&
2zt 4 (22)~4 (29 A8 AYREEE 79
P=1—(m=0.44)/(N-+0.12) «w-errrevereene (21) A= Table 67 2o}

o4+ Weibull, Hazen, Cunnane % Gringorten
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Table 4. Parameters calculated by Generalized extreme-value and Weibull-3 distribution using methods of
moments and L-moments

GEV Weibull-3
Method River Station o . 3 o . P
Han Yeou 2600.41 1722.80 -0.0152 057.19 3351.84 1.38
Sanyang 134,31 73.23 0.0883 14.48 176.05 1.92
Nagdong Wolpo 402.47 251.50 -0.0824 170.78 413.18 1.10
Waegwan 3067.23 1314.66 0.0279 127430 2803.46 1.58
Geumn Kongu 2030.60 1357.35 0.0246 198.66 2874.79 1.56
MM Narmpyeong 306.10 101.40 0.0175 172.28 21163 153
Yeongsan Mareuk 286,17 154.97 0.0241 77.34 327.89 1.56
Naju 1180.37 726.58 0.1717 -337.24 2062.27 251
Abrog 172842 1185.81 0.0829 -181.28 2820.77 1.88
Seomjn
Songjung 2412.89 752.93 -0.0286 1560.36 142069 1.32
Han Yeoju 2561.49 1654.23 -0.0604 462.55 347493 1.43
Sanyang 129.23 67.51 -0.0357 39.66 145.13 1.50
Nagdong Wolpo 397.84 239.23 -0.1264 127.00 475.03 1.25
Waegwan 3043.70 1307.14 0.0059 1169,03 2931.14 1.65
Geum Kongiju 1942 94 119551 -0.1126 55767 240048 1.28
LM Nampyeong 300.96 98.10 -0.0522 174.66 207.61 1.45
Yeongsan Mareuk 283.45 154.33 0.0035 63.11 345.22 164
Naju 1153.22 714.22 0.1135 -126.62 1828.44 213
Abrog 1661.76 1104.62 -0.0207 155.19 2409.98 1.55
Seomn Songjung 240747 784.24 -0.0118 1315.80 1726.53 1.58

MM : Method of moments
LM : Method of L-moments

RME=LN[£1 ('Qa—_a“

E ¥ 2xn¥ye PUERs L-FREH <
A8 AR ST,

olzbel  Asmella  EAW GEV FEX
Weibull-3 2ZRE e EEY ¥ L-ZdE
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g3 FEE AAEFHY 45X FEY 24
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Table 5. Comparison of design floods calculated by different methods for Generalized extreme-value and
Weibuill-3 distribution, (unit :m%/s)

Distri- . Return period(yrs)
buton Method River Station 5 10 20 50 100 500
Han Yeoju 5214.10 | 6544.21 | 7834.39 | 952542 | 10808.36 | 12100.20
Sanyang 237.19 28377 | 32564 | 37603 | 41117 44408
Nagdong Wolpo 804.01 | 1024.31 | 124882 | 155991 | 1809.20 | 2072.25
Waegwan 499840 | 5934.63 | 681443 | 7927.29 | 874245 | 953897
MM Geum Kongu 4029.44 | 500213 | 591843 | 7080.66 | 7934.29 | 8770.35
Nampyeong 456.21 52985 | 59958 | 68854 | 75427 | 81895
Yeongsan Mareuk 514.46 62561 | 73035 | 86326 | 96091 | 105659
Naju 2141.14 | 253653 | 287070 | 324642 | 349102 | 3707.23
Seomiin Abrog 340094 | 4162.82 | 485043 | 5681.66 | 6263.80 | 6811.26
GEV Songjung 3566.82 | 416298 | 474698 | 552099 | 611468 | 6718.10
Han Yeoju 515862 | 6549.00 | 794323 | 984033 | 1133359 | 1288537
Sanyang 233,24 28741 | 34075 | 41186 | 46672 | 52275
Nagdong Wolpo 792.93 | 102054 | 126011 | 160440 | 1890.30 | 2201.39
Waegwan 499572 | 5965.89 | 689249 | 808607 | 8976.22 | 9859.50
LM Geumn Kongju 3896.45 | 5004.83 | 6159.73 | 7800.61 | 914812 | 10600.32
Nampyeong 45401 53519 | 61612 | 72549 | 81100 | 89936
Yeongsan Mareuk 514.34 629.39 73946 881.52 98767 1093.17
Naju 213825 | 257156 | 295391 | 340461 | 371243 | 399579
Seomiin Abrog 334465 | 420645 | 504579 | 6151.00 | 699330 | 7844.73
Songjung 3504.22 | 4195.87 | 477800 | 5538.86 | 611451 | 6692.79
Han Yeoiu 529500 | 670454 | 800105 | 9505.35 | 1073369 | 1182604
Sanyang 240.13 28647 | 32649 | 373.00 | 40493 | 43456
Nagdong Wolpo 808.38 | 1054.56 | 1294.17 | 160358 | 1833.31 | 2059.98
Waegwan 5062.36 | 602544 | 688587 | 7917.71 | 8639.76 | 9322.80
MM Geum Kongju 4095.71 | 5098.43 | 5996.16 | 707466 | 783047 | B8546.16
Nampyeong 461.19 53745 | 60604 | 68876 | 74691 802.10
Yeongsan Mareuk 522.03 63664 | 73929 | 86264 | 04910 | 1030.98
Naju 215574 | 253825 | 285623 | 3214.63 | 345323 | 3671.08
Seomin Abrog 344981 | 4209.83 | 486788 | 563599 | 616198 | 665192
Weib Songjung 360015 | 423834 | 483131 | 5566.85 | 609570 | 6605.72
ull-3 Han Yeoju 531472 | 6700.67 | 996548 | 9510.24 | 11655.79 | 16960.17
Sanyang 23888 29252 | 34092 | 39049 | 44076 | 479.99
Nagdong I Wolpo 823.16 1055.17 1273.61 1547 69 1746.56 1939.60
Waegwan 5083.08 | 603471 | 687845 | 788362 | 858331 | 924271
Y Geum Kongju 1039.07 | 516304 | 6214.16 | 752535 | 847233 | 9388.51
Nampyeong 462.91 54365 | 617.06 | 70643 | 769.74 830.14
Yeongsan Mareuk 524.79 63769 | 73790 | 85737 | 94059 | 1019.06
Naju 216033 | 2579.77 | 293624 | 334571 | 362251 | 3878.01
) Abrog 3430.09 | 428027 | 504262 | 5950.72 | BE0312 | 7212.85
Seomiin [ g | 365204 | 424437 | 477347 | 540787 | 585175 | 6271.60
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Table 6. Relative Mean Errors and Root Mean Square Errors calculated by Generalized extreme-value and
Weibull-3 distributions using different plotting position formulas and Methods of moments and

L-moments
DlsFrl- Method | River Station Weibull Hazen Cunnang Gringorten
bution RME | RMSE | RME | RMSE | RME | RMSE | RME | RMSE
Han Yeonu 177] 40327| 273 41110] 245] 42195]  255) 41688
Nog |_Sznyans 170l 1449] 242] 1384] 220 13420 228 1353
Wolpo 214l 9070l  242| 6500 =225 7364 231 7058
dong  egwan | 090| 27204] 083] 20260] 080 212.74] 081] 20812
iy | Geum | Kongy 240 278031 321| 246.35] 300 24476 308 24456
Yeong Nampyeong 0.85 22.63 0.86 15.88 0.83 16.85 0.84 16.40
Mareuk 170 3458 195| 2606 186 2740 189] 2681
san Naju 200| 10298  337] 10777 298] 10326 3.13] 10476
Seom | Abrog 268] 21156| 384 21513] 353 20632 365 20912
GEV in | Songjung 105| 23564] 097 169.74] o097] 18275] 097] 177.39
Han Yeoju 150 47051  212| 40111  190] 40437] 198] 40179
Nag Sanyang 1.24 13.41 167 16.34 1.49 1470 156 15,27
Walpo 204l 9641 207 5921 202 6744 204 6413
dong =7 owan | 088| 25606] 082 19852] 079 202.96] 080  200.31
LM Geum Kongju 135 23724 1801 28715 1.66] 254.67 171 265.75
veong | Nempyeong | 075]_1885] 078 1520 o074 1462 075 1473
o Mareuk 164] 3267| 191 2542| 181] 2618] 184] 2579
Naju Teo| 9793|288 11864 253 10991] 266 11304
Seom | Abrog 196| 10735 276 25195 252 22721 261 23598
in | Songiung 101] 23134] 102] 17482] 100] 18520 100[ 18084
Han Yeoiu 171 47748] 145 41000, 148l 41860] 148] 41479
Nag Sanyang 143 13.07 1.84 12.09 172 11.82 1.76 11.88
Walpo 337] 9628| 305 6991, 311 7518 308 7302
dong I cgwan 114| 28247] 098] 22730] 101 23560] 089 231.99
vyl |_Geum | _Kongin 152] 22926] 1831 18538 175| 187.44] 1.78] 18587
Yeong | Nempyeong | 07| 2Lie| 068 1499 063] 1594 069 1512
Mareuk 139] 3300 129 26.36| 129] 2766] 129] 2741
san Naju 173]  9652] 274] 9756 247| 9430] 257] 9534
Seom | Abrog 195| 18457| 262 179.21] 245] 17333] 252] 17505
Weibull in | Songung 117] 23946 108 19098] 1.09| 199.83] 109 19614
-3 Han Yeoju 153] 48187| 137| 41163] 138 42199 137] 41739
Sanyang 102 11.04] 114] 1300] 108 1178 109] 1220
Nag Wolpo 251|049l  z20] 7417 225] 7| 223l 77s1
dong I S pegwan 103 28249 089 22878] o091 23720 090 23353
Geum | Kongiu 09z] 17901] 093] 18936 091 17092] 092 17692
LM voong | Nempveong | 075] 1017 072 1520] 071 1533] 071 1520
Mareuk 132 3399] 133 2674] 131] 2802 131] 2748
san Naju 124 666|188 10066] 168 9392] 1.76] 9630
Seom | Abrog 121 15701] 148| 19012] 138 17281 142] 17888
jn | Songjung 102 24655] o099] zo1s1] 099] 21063 093] 206.88
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Fig. 2. Comparison of design floods estimated using
methods of moments and L-moments with
Weibull plotting position at Nampyeong
watershed of Yeongsan river
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