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Derivation of Optimal Design Flood by L-Moments and LH-Moments (1)
- On the method of L-Moments -
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Abstract

This study was conducted to derive optimal design floods by Generalized Extreme Value
(GEV) distribution 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 tests of Independence, Homogeneity, 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 distribution were compared by the Relative Mean Errors(RME) and Rela-
tive Absolute Errors(RAE).

The results were analyzed and summarized as follows.

1. Adequacy for the analysis of flood data was acknowledged by the tests of Independence,
Homogeneity and detection of Outliers.

2. GEV distribution used in this study was found to be more suitable one than Pearson type
3 distribution by the goodness of fit test using Kolmogorov-Smirnov test and L-Moment ra-
tios diagram in the applied watersheds.

3. Parameters for GEV distribution were estimated using Methods of Moments and L-Moments.

4. Design floods were calculated by Methods of Moments and L-Moments in GEV distribution.

5. It was found that design floods derived by the method of L-Moments using Weibull plot-
ting position formula in GEV distribution are much closer to those of the observed data in
comparison with those obtained by method of moments using different formulas for plotting
positions from the viewpoint of Relative Mean Errors and Relative Absolute Errors.
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Table 1. Gauging stations and physical characteristics of watersheds

. . Area |Length of main|Average basin| Shape | Observed .
River Station . . Location
(km?) stream (km) | width (km) | factor |duration (yrs)
. Long. 127° 39’
Han Yeoju | 11,036.0|  347.10 31.79 0.092 42 ong. 127" 59
Lati. 37° 17
Long. 128° 15’
S 15.0 36.70 5.86 0.160 7
anyang 2 2 Lati. 36° 36
Long. 128° 29’
Nagd Wol 1,134.5 79.90 14.20 0.178
agdong olpo ,13 9.9 2 27 Lati. 36° 37"
Long. 128° 23’
Waegwan | 11,0744  321.70 34.42 0.107 40 ong. 128 &
Lati, 35° 59
. Long. 127° 07’
G 531.2 305.20 24.68 0.081 41
eum Kongju 7,531 Lati.  36° 27
Long. 126° 50
) ) ) 0.341
Nampyeong 576.2 41.10 14.02 31 Lati  35° 0%
Yeo Mareuk 684.0 56.00 12.21 0.218 37 Long. 1267 49
ngsan areu . R . R Lati 35° 08
Long. 126° 44’
' : . ) 0.365
Naju 2,058.7 75.10 27.41 38 Lt 35° o1’
Long. 127° 22’
Abrog 2,447.5 162.30 15.08 0.093 36 ) .
Seomsi Lati. 35° 11
e
o Songj 42557  185.70 22.92 | 0.123 31 Long. 127" 33
ongjung , - . ' : Lati. 35° 117
el A3t Table 13 Z2on o7joA F49H 3) Axgzx a9 Outlier A
A2 215.0~11,074.4km29] ¥ S Ve ¢ AFux el dwHA FIHEEGHAA
I ZI}NFE 36.70~347.10kmdl] olE2n HF Holys Outliers] {52 918 Grubbs-Beck
£2 586~3442kmoln & AJA &= 0.081~ AARYE 2 fradz Al e
0.365¢] W= vehfjz Yok 4) BEEEUE] NP2 L-mdEQ]
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Table 2. Basic statistic

A 2} E_—v—ﬁix}‘— z}z} 170.656

84.805~3,235.1919] W=, 4
Z}z} 0.355~1.741 ¥

Hl=e

2.101

River Station Mean (x) Standard Coefficient of Cogff@cient of Coeffigient of

(m?/s) deviation (8) | skewness (Cs) | variation (Cy) | kurtosis (Cg)
Han Yeoju 4,261.024 3,235.191 1.648 0.759 5.143
Sanyang 170.656 84.805 0.689 0.497 2.238
Nagdong Wolpo 569.834 364.206 1.741 0.639 6.119
Waegwan 3,790.652 1,627.915 0.982 0.429 3.880
Geum Kongju 2,781.786 1,687.594 1.000 0.607 3.089
Nampyeong 362.905 127.176 1.039 0.350 3.538
Yeongsan Mareuk 372.005 192.781 1.002 0.518 3.977
Naju 1,492.705 780.529 0.355 0.523 2.101
Seomijin Abrog 2,322.451 1,380.832 0.713 0.595 2.470
Songjung 2,869.374 1,004.043 1.321 0.350 4.944

Table 3. Test for independence and homogeneity of observed flows
. . Wald-Wolfowitz’s test for Independence| Mann-Whitney’s test for Homogeneity
River Station
[ul) Uarz Test 22 Uai2 Test
Han Yeoju 0.277 1.96 o 1.79 1.96 o)
Sanyang 0.722 1.96 o} 1.06 1.96 o]
Nagdong Wolpo 0.644 1.96 ¢} 0.07 1.96 )
Waegwan 1.447 1.96 o] 1.46 1.96 o
Geum Kongju 1.914 1.96 o 1.15 1.96 o
Nampyeong 0.918 1.96 o) 0.04 1.96 o
Yeongsan Mareuk 1.318 1.96 0 0.40 1.96 o
Naju 0.319 1.96 e} 1.07 1.96 o)
. Abrog 1.882 1.96 o 1.58 1.96 o)
Seomjin Songjung 1.119 1.96 o 1.42 1.96 o
led1, lulz : W-W and M-W test statistic = O : Accept at a 5% level of significance

Uai2 -
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Table 4. Grubbs and Beck test for detection of

outliers

. . Grubbs and Beck test
River Station K X, X, Test
Han Yeoju (2.7000|24159.5| 451.3| ©
Nag- Sanyang [2.3840| 5092.4! 274.7| ©
dong Wolpo |2.5180| 2323.3| 97.1| ©
Waegwan |2.6810|11183.5 (1074.2| ©
Geum Kongju |2.6910{12229.5) 442.4| ©
Yeon- Nampyeong |2.5770| 812.5| 145.2! ©
Mareuk [2.6500| 13725| 77.0| ©
858 ™ Naju  |2.6610| 6726.1| 238.4] o
Seom- Abrog |2.6390|11022.1 | 332.7| ©
in Songjung |2.5770| 6360.1 |1162.5| o

Ky . G-B statistic tabulated for various sample size

and 10% significance level
Xy . Critical quantity of high outliers
X: . Critical quantity of low outliers

O : Accept at a level of 10% significance level

12194.0
111835

9145.5

6097.0

Discharge (m*/s)

30485 |

1074.2

0

Kn statistic ¢ 2.6810 (10% confidence level)

Fig. 1. G-B test for detection of high and low
outliers at Waegan watershed of Nag-
dong river
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Table 5. Results of L-coefficient of variation
(L-CV), L-skewness and L-kurtosis

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

Han Yeoju ]0.3883| 0.3149 0.1961

Nag- Sanyang [0.2837| 0.1931 0.0988

dong Wolpo |0.3318] 0.2537 0.2154

Waegwan |0.2377| 0.1662 0.1866

Geum | Kongju [0.3343| 0.2444 0.1125

Yeon- Nampyeong |0.1971| 0.2039 0.1619

gsan Mareuk |0.2866| 0.1677 0.1508

Naju 0.3017| 0.0990 0.0734

Seom- Abrog ]0.3362| 0.1833 0.0993

jin Songjung 10.1915| 0.1775 0.2073
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Table 6. Kolmogorov-Smirnov test for the generalized extreme-value distribution using methods of

moments and L-moments

. . Method of moments Method of L-moments

River Station Dy Dy.o5 Test D, Do.os Test

Han Yeoju 0.1007 0.2099 o 0.0705 0.2099 o)

Sanyang 0.1121 0.2617 e} 0.0854 0.2617 o}

Nagdong Wolpo 0.0865 0.2617 o 0.0939 0.2617 e}

Waegwan 0.0739 0.2150 0 0.0688 0.2150 o

Geum Kongju 0.1277 0.2124 o 0.0989 0.2124 le]

Nampyeong 0.1055 0.2443 o) 0.0859 0.2443 0

Yeongsan Mareuk 0.0802 0.2236 e} 0.0783 0.2236 0

Naju 0.0715 0.2206 o 0.0718 0.2206 0

. Abrog 0.0821 0.2267 0 0.0732 0.2267 o}

Seomjin :
Songjung 0.0908 0.2443 0 0.0968 0.2443 e}

O : Significance level can’t be acknowledged
X I Significance level can be acknowledged
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Fig. 2. Sample skewness versus sample kurtosis
for 50 random samples simulated from
GEYV and Pearson type 3 distribution at
Waegwan watershed of Nagdong river
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Fig. 3. Sample L-skewness versus sample L-
kurtosis for 50 random samples simulat-
ed from GEV and Pearson type 3 distri-
bution at Waegwan watershed of
Nagdong river
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Fig. 4. L-skewness versus L-kurtosis for 10
sites in GEV and Pearson type 3 distri-
bution
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Fig. 5. L-skewness versus L-kurtosis for 30
samples simulated from GEV distribu-
tion with r3=0.20
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Fig. 6. L-skewness versus L-kurtosis for 30

samples simulated from Pearson type 3

distribution with r3=0.20

Ztzt B AYAIA EE EFEE L-ZilEd:
€ A4 A3 Fig. 5 2 Fig. 67 2ok o
A Fig. 59 ZAddA HA Zzg T
Pearson type 3¢ B3] GEVZA F9d] F=2



L-29E @ LH-29E 71gel o3 4% 44

FrE F=(1)

A Jden L-i3=Age] HaEA FA
GEVA el $1x13t Atk o] v Fig. 69
23 B9 GEVZA 9= Fe 2y ¥AA
A& Pearson type 38X A olgde= tir B
< E2Y ¥XHPE UspueM dEHos
89 107] |99 dxy1x A&EE Pearson
type 3 ¥ 2¥d vjs) GEVEEXRF oL
AT Aoz Yehdh

6. ZHEW a9 [-IHEH <5t GEV
X 289 ojjivis MY

ZHE®R(MM) 2 L-2deEf(LM)d o=
GEV &=z HAXmiAEF, £ HA=wAEF, a
2 FAAAS, RE 4 fYEE 38 s
Table 73} 2t}

7. GEVEZ 2%e oieE® 3 -2l
Edol| 2 MAESY RE

GEVExXzde xuey 9 L-ZUER
wE A" E FrEe 9EE 78 Ao
Table 83} #3 GEV ¥ 239 AL 75’76'
& 3t EHERN L-ZAEH o8 &
? e AAZsHE F2H EZW‘%“"
Weibull, Hazen, Cunnane % Gringorton2]d
ofF HzHHEES A 4 (20)~2] (23)qd 9
3 T3 ol & AREFEA YN =ASA

P:l—m/(N+1) .............................. (20)
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Table 7. Parameters calculated by Generalized extreme value distribution using methods of mo-

ments and L-moments

Method River Station & a k
Han Yeoju 2776.1240 2273.1277 -0.0717
Sanyang 134.3080 73.2313 0.0883
Nagdong Wolpo 402.4682 251.5040 -0.0824
MM Waegwan 3067.2250 1314.6553 0.0279
Geum Kongju 2030.6000 1357.3457 0.0246
Nampyeong 306.1022 101.3987 0.0175
Yeongsan Mareuk 286.1739 154.9651 0.0241
Naju 1180.3690 726.5821 0.1717
. Abrog 1728.4190 1185.8121 0.0829
Seomjin -
Songjung 2412.8940 752.9293 -0.0286
Han Yeoju 2680.2468 1876.9049 -0.2137
Sanyang 129.2254 67.5063 -0.0357
Nagdong Wolpo 397.8398 239.2314 -0.1264
Waegwan 3043.7038 1307.1387 0.0059
LM Geum Kongju 1942.9361 1195.5068 -0.1126
Nampyeong 300.9603 98.0918 -0.0522
Yeongsan Mareuk 283.4597 154.3328 0.0035
Naju 1153.2218 714.2199 0.1135
. Abrog 1661.7627 1104.6227 -0.0207
Seomjin -
Songjung 2407.4714 784.2374 -0.0118

MM : Method of moments
LM : Method of L-moments
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Table 8. Comparison of design floods calculated by different methods

(Unit : m3/s)

Method River Station Return period(yrs)
5 10 20 50 100 200
Han Yeoju 6375.91 1 8327.61) 10301.11{ 13011.74 | 15165.10 | 17420.62
Sanyang 237.19 283.77 325.64 376.03 411.17 444.08
Nagdong Wolpo 804.01 | 1024.31 1248.82 | 1559.9°1 1809.20 | 2072.25
MM Waegwan 4998.40 | 5934.63| 6814.43| 7927.29 | 8742.45| 9538.97
Geum Kongju 4029.44 | 5002.13| 5918.43| 7080.66| 7934.29| 8770.35
Nampyeong 456.21 529.85 599.58 688.54 754.27 818.95
Yeongsan Mareuk 514.46 625.61 730.35 863.26 960.91 | 1056.59
Naju 2141.14 | 2536.53| 2870.70| 3246.42| 3491.02| 3707.23
Seomjin Abrog 3400.94 | 4162.82 4850.43 5681.66 | 6263.80| 6811.26
Songjung 3566.82 | 4162.98 | 4746.98| 5520.99| 6114.68| 6718.10
Han Yeoju 5999.04 | 8104.05| 10466.52 | 14117.14 | 17370.87 | 21133.37
Sanyang 233.24 287.41 340.75 411.86 466.72 522.75
Nagdong Wolpo 792.93 1020.54 1260.11 1604.40 1890.30 | 2201.39
Waegwan 499572 | 5965.89| 6892.49 | 8086.07| 8976.22| 9859.50
LM Geum Kongju 3896.45 | 5004.83| 6159.73| 7800.61| 9148.12 | 10600.32
Nampyeong 454.01 535.19 616.12 725.49 811.00 899.36
Yeongsan Mareuk 514.34 629.39 739.46 881.52 987.67 | 1093.17
Naju 2138.25| 2571.56 | 2953.91 3404.61 | 3712.43| 3995.79
Seomiin Abrog 3344.65| 4206.45| 5045.79 | 6151.00| 6993.30| 7844.73
Songjung 3594.22 | 4195.87 4778.00 5538.86 6114.51 6692.79
P=1—(m—0.4)/(N+0.2) (22) RAE:]L\/,-: QOQ 2 (25)
o
P= 1= tn=04b/ N 012) D a4 @2 0r 2% fae azmAR
AN N HEAANH me AR B @ o > GFV%E‘?MA‘;@E%?* L-ed=d
B Uygs o)) o ol& AAE AAZTe|r) §
o]Ate]  Weibull, Hazen, Cunnane % ;]MT] AAAM 22 °]< EV:—EE@B] f:‘j‘l
Gringorton £2% ¥ x| AW GEVEZ T3 9 ER = L‘E‘?ﬂ Holl & = HAAETTR
wEEY B Lmdewd o Swd wwd 2 AE&Xe E2¢ TAMY %] o8 =€
MAZae ME BAe o8 AUEFo ’Sﬂ]%-’?%ﬂﬂ EHJéﬁ‘ix} A e 2t
(Relative Mean Error, RME) @ At ) o =} o vadA A Fad éﬂ L-2a e 2
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Table 9. Relative Mean Errors and Relative Absolute Errors calculated by generalized extreme-
value distribution using different plotting position formulas and Methods of moments and
L-moments

Method River Station Weibull Hazen Cunnane Gringorton
RME | RAE | RME | RAE | RME | RAE { RME | RAE
Han Yeoju 3.79 | 15.13 5.20 | 17.36 4.85 | 16.85 4.98 | 17.05
Sanyang 1.70 7.60 242 8.55 2.20 8.20 2.28 8.34
Nagdong Wolpo 2.14 8.32 242 9.39 2.25 9.04 2.31 9.17
MM Waegwan 0.90 4.18 0.83 4.00 0.80 3.92 0.81 3.95
Geum Kongju 2.40 9.88 3.21 | 11.00 3.00 | 10.63 3.08 | 10.77
Nampyeong 0.85 3.84 0.86 3.63 0.83 3.64 0.84 3.64
Yeongsan Mareuk 1.70 7.09 1.96 7.28 1.86 7.14 1.89 7.18
Naju 2.00 8.60 3.37 9.84 2.98 9.41 3.13 9.57
Seomjin Abrlog 2.68 5.90 3.84 | 10.28 3.53 9.87 3.65 | 10.02
Songjung 1.05 4.60 0.97 4.21 0.97 4.29 0.97 4,26
Han Yeoju 1.47 7.92 2.28 | 11.33 2.18 | 11.11 2.22 | 11.20
Sanyang 1.17 5.01 1.58 6.15 1.19 4.29 1.49 5.95
Nagdong Wolpo 205 | 816 | 221 | 887 | 212 | 856 | 2.15 | 8.8
Waegwan 0.84 4.02 0.83 4.21 0.80 4.12 0.81 4.15
LM Geum Kongju 1.36 6.72 1.73 7.52 1.62 7.23 1.66 7.34
Nampyeong | 099 | 432 | 118 | 482 | 1.12 | 470 | 1.14 | 475
Yeongsan Mareuk 1.47 6.66 1.56 6.73 1.51 6.69 1.53 6.70
Naju 1.95 7.90 1.54 6.59 1.59 6.76 1.57 6.69
. Abrog 1.39 6.02 1.60 6.15 1.50 5.98 1.54 6.04
Seomjin Songjung | 111 | 419 | 124 | 433 | 119 | 429 | 1.21 | 430

RME : Relative Mean Errors
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Fig. 7. Comparison of design floods estimated
using methods of moments and L-mo-
ments with Weibull plotting position at
Nampyeong watershed of Yeongsan river
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