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Comparative Analysis of Design Flood by Different Methods for
the Estimation of Parameters in Generalized Gamma
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Abstract

This study was conducted to derive optimal design floods by generalized gamma
distribution model of the annual maximum series at six watersheds along Han and
Nag Dong river systems. Design floods obtained by different methods for estimation
of parameters and for plotting positions in the generalized gamma distribution model
were compared by the relative mean errors, the relative absolute errors, and graphical
fit along with 95% confidence limits plotted on gamma probability paper.

The results were analyzed and summarized as follows.

1. Design floods according to the return periods were obtained by different methods
for estimation of parameters and for plotting positions in the generalized gamma
distribution model.

2. It was found that design floods derived by sundry averages method for
parameters and Hazen method for plotting position in the generalized gamma
distribution are much closer to those of the observed data in comparison with those
obtained by the other methods for parameters and for plotting positions from the
viewpoint of relative absolute errors in the applied watersheds.

3. Reliability of design floods derived by sundry averages method in the
generalized gamma distribution was acknowledged within 95% confidence interval.
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<Table 1> Gauging stations and physical characteristics of watersheds

Area Length of Average Shape Observed
River Station 2 main stream basin duration Location
{(km) ) factor
(km) width {yrs)
Heong- 27 Long. 127° 59’
sung 4452 491 307 | 0185 | (1953~ 1989) | Lati. 37° 29
0 '
Han | Jungsun | 1709.7 100.8 1801 ( 0159 | (o621 oo | Spe 12
0
Yeolu (110360 347.1 3179 | 0092 | (162 000 | o0 2L W
i g
Dongchon | 1,544.0 89.4 1727 | 0193 | (1063 1002) | Lon® ‘3258 o
Nag 29 Long. 128° 27
Dong Waegwan | 11,074.4 3217 3442 | 0.107 (1954~1982) | Lati 35 59
Q B
Jindong  {20.311.3 4321 4701 | 0109 | (1055 1082) | Lon® K 2y }
L | .
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<Table 25 Basic statistic
. ) Mean Standard Coefficient of Coefficient of
River Station - L .
( % deviation(S) skewness(Cs) variation(Cv)
Heongsung 674.4 5190 2444 0.770
Han Jungsun 5453 2129 1.286 0.390
Yeoju 54431 24435 1.155 0.449
Dongchon 865.7 608.6 1.447 0.703
Nag Dong Waegwan 3736.7 13743 0.052 0.368
Jindong 5809.9 19223 0.543 0.331
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<Table 3> Test for independence and homogeneity of observed flows

Wald-Woifowitz's test Mann-Whitney's test
River Station for independence for Homogeneity

me Uas2 Test lulz Ug/2 Test

Heongsung 0.311 1.96 O 1.60 1.96 O

Han Jungsun 0.794 1.96 O 1.30 1.96 O

Yeoju 0.733 1.96 O 0.07 1.96 @)

Dongchon 0.491 1.96 O 0.30 1.96 O

Nag Dong Waegwan 0.580 1.96 O 1.31 1.96 O
Jindong 0.144 1.96 O 0.87 196 o |

[uly, lul2: W-W and M-W test statistic

U, : Standardized normal deviate corresponding to a probability of exceedance /2

O : Accept at a 5% level of significance
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<Table 4> Grubbs and Beck test for detection of outliers
. . Grubbs and Beck test
River Station Ke v X Test
| Heongsung 25180 2,8095 106.2 O
Han Jungsun 2.4070 1,239.3 210.3 O
| Yeoju 25180 14,7203 16817 O
Dongchon 26810 44961 | 1057 O
Nag Dong Waegwan 1 25490 100954 | 11858 O
Jindong 25340 | 132096 2289.0 O

Kn
Xu : Critical quantity of high outliers

X, : Critical quantity of iow outliers

> @ Accept at a level of 10% significance level
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<Fig. 1> G-B test for detection of high and low outliers at Jungsun
watershed of Han river
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<Fig. 2> G-B test for detection of high and low outliers at Waegwan
watershed of NagDong river
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<Table 5> Parameters and basic statistic calculated by Generalized Gamma Distribution
using Methods of Moments, Maximum Likelihood, Sundry Averages Method and
Method of Mixed Moments
r Standard | Coefficient Coefﬁciem?
Method | River Station o A s Mean deviation | of skewness | variation
Heongsung | 0.67E+07 | 5830016 | 0.18453 | 674.407 | 18979 2.444 0.769
Han | Jungsun | 0.19E-29 | 658496 |-0.10426 | 545333 | 212927 1.288 0.390
Yeaju 0.12822 | 2229782 | 0.47776 ;5443.148 |2443.469 1155 0.449
MM Dongchon 0.0028 227792 | 094272 | 865725 | 608.639 1.447 0.703
;Oangg Waegwan | 0.21E-03 | 071446 | 3.68632 |3,736.0891,374.347 0.052 0.368
Jindong 0.53E-03 | 4806981 1.37432 15809.893) 1922307 0.543 0.331
Heongsung | 0.32E-22 | 18658315 | -0.11487 | 671.758 | 490.580 2787 0730
Han | Jungsun 0.39E-05 | 27.74307 | -0.53271| 545476 | 210.666 1.51 0.386
Yeoju 0.58E-14 | 13683742 | -0.20258 |5,446.505 | 2,458.851 1.584 0.451
M Dongchon | 71499669 | 31.19924 | 026123 | 867.232 | 631.346 2.183 0728
;;gg Waegwan | 0.22E-03 | 080755 | 350586 {3.,743.297 | 1,338.865 0.069 . 0.358
Jindong 0.58E-03 | 526671 1.34448 |5,809.930( 1,888.331 0.542 0.325
Heongsung | 0.24E-16 | 11193205 | -0.14741 | 674.407 | 501.449 2924 0.744
Han | Jungsun 0.16E-05 | 3282498 | -0.48953 { 545.333 | 209.688 1477 0.385
Yeoju 0.57E-17 | 196.77083 | -0.16924 |5,443.148 | 2,442.386 1.549 0.449
SAM Dongchon | 13349.758 | 4055827 | 0.23014 | 865.725 | 630.803 2226 0.729
. g:ngg Waegwan | 048E-03 | 275779 | 1.61570 |3,736.689 | 1,408.551 0.539 . 0.377
Jindong 079€-03 | 645850 | 1.20637 15809.893|1897.026 0.587 0327
Heongsung' 0.95E-10 | 47.14955 | -0.22813 | 674.407 | 509.277 3177 0.755
Han | Jungsun 0.126-08 | 820610 | -030696 | 545333 | 207.795 1359 0.381
Yeoju 0.19e+21 | 45173533 | 0.11068 5.445.148 2,397.792 1.339 0.441
MMM Dongchon | 0.05519 753284 | 053624 | 865725 | 600.983 1.770 0.694
gz:z Waegwan | 0256-03 | 114985 | 276897 |3736689(1350443| 0214 0361
Jindong 057E-03 | 5.19871 1.35392 |5,809.893 | 1,887.668 0.539 0325

MM : Method of Moments
ML : Maximum Likelihood

SAM : Sundry Averages Method

MMM : Method of Mixed Moments
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<Table 6> Caomparison of design floods calculated by different methods for estimation of

parameters
Methods for :
River Station estimation of Return period(yrs)
parameters 5 20 50 100 200

MM 963.81 129965 | 165666 | 2,16747 | 258623 | 3,034.71
Heongsung ML 932.28 124348 | 158092 | 207646 | 249433 | 295375
SAM 934.99 125225 | 159872 | 211154 | 254720 | 3,029.17
MMM 930.04 1,249.79 1,603.0 213291 2589.02 | 3,099.19
MM 695.84 822.13 94415 1,10406 |. 122603 | 1,349.95
Han Jungsun ML 688.0 B814.46 939.75 1,108.65 1,241.01 1,378.51
SAM 688.09 813.76 937.83 1,104.46 123457 | 1369.38
MMM 690.07 813.76 934 .32 1,093.93 121691 1,34297
MM 722337 | 866762 | 10,035.02 | 11,784.19 | 1308544 | 14378.65
Yeoju ML 7087.68 | 858461 | 1007403 | 12,084.94 | 1366081 | 1529729
SAM 708431 | 8568.70 | 10,040.64 | 1202064 | 13,566.85 | 15,167.86
MMM 712326 | 8562.17 | 9957.73 | 11,790.36 | 13,188.09 | 14,606.02
MM 1289.78 | 167578 | 2046.06 | 252141 287408 | 322266
Dongchon ML 123866 | 164630 | 2071.17 | 266683 { 3,14625 | 3,652.19
SAM 123366 | 164065 | 206637 | 266570 | 3,14998 | 366277
MMM 125233 | 163799 | 202443 | 254398 | 2946.19 | 335747
MM 493689 | 553154 | 6,003.72 | 651499 | 684443 | 7,138.34
Nag Waegwan ML 480653 | 549266 | 596146 | 647236 | 680331 | 709967
Dong SAM 4885.03 | 562041 | 625925 | 701026 | 752873 | 8,015.12
MMM 4889.75 | 552042 | 6,03907 | 661851 700162 | 7,349.74
MM 7366.51 | 836982 | 924737 | 10,2869 | 11,009.84 | 11,692.05
Jindong ML 7338.13 | 832335 | 9,18560 | 10207.75 | 10,919.11 | 11,590.81
SAM 7334.12 | 833561 | 921822 | 10271.68 | 11,009.27 | 11,708.98
MMM 733828 | 832235 | 9183.18 | 10.203.19 | 1091276 | 11,582.57
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<Table 7> Relative Mean Error and Relative Absolute Error calculated by Generalized Gamma
Distribution model using different plotting position formulas and different methods

for parameters in selected watersheds

) Han Nag Dong |
Plotting | Methods for Heong- ] Dong- _
position | derivation of sung Jungsun Yeoju chon Waegwan | Jindong
formula | parameters  |3ME [RAE |RME |RAE |RME |RAE |RME |RAE |AME [RAE |RME [RAE

MM 295 | 1198 | 151 |544 | 151 | 650 | 184 | 914 | 185693 1.16 | 444

Weibul ML 3.13 | 1239 | 150 |544 ] 150 | 6.29 | 148 | 781 [ 188 | 709 | 1.23 | 463 |
SAM 309 | 1239 | 1.50 |543| 1.50 | 640 | 1.55 | 821 | 1.97 | 8.01] 1.26 | 476

MMM 307 | 1237 | 157 [544] 157 | 674 | 152 | 819 | 189 [ 7.26 | 1.21 | 460

MM 315 | 1287 | 164 [486] 164 | 704 | 228 | 1021 | 1.82 | 687 | 0.81 | 3.33

ML 273 [ 1114 | 137 [483] 137 | 601 | 143 | 7.49 | 1.83 691085357

Hazen BV Hon ]
SAM 274 [ 1098 | 134 |467 [ 134 | 601 | 155 [ 816 [ 1.71 658 | 0.79 | 328

MMM 266 | 1083 | 145 [493 | 145 | 636 | 1.60 | 842 | 1.80 | 7.06 | 0.83 | 349

MM 305 | 1250 | 1.51 |524 | 151 | 646 | 205 | 975 | 1.73 | 668 | 093 | 3.78

Chegoday ML 286 | 1162 | 137 [520] 137 | 578 | 1.44 | 767 | 1.79|6.85 | 099 | 3.97
ev SAM 284 [ 115371 139 5.31% 139 [ 582 | 144 | 760 | 183776101408
MMM 288 [ 1183 | 147 |537 | 147 | 635 | 156 | 822 | 1.78 | 7.15 | 0.97 | 4.06

| MM 307 | 1260 | 154 [506] 154 | 657 | 220 | 1019 [ 172 ] 662 | 087 | 359
cunnane | —— M& 282 | 1163 | 138 |508| 138 | 595 | 151 | 7.98 | 177 | 6.74 | 0.91 | 3.76
SAM 274 [ 1124 | 135 |541] 135|585 | 152 | 801 [ 182776095391 ]|

MMM 279 [1145] 144 [513] 144 [ 620 | 159 | 841 [178]7.13] 092377 |
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<Fig. 5> Design Floods fitted by Generalized Gamma distribution using
Sundry Averages Method with 95% confidence interval at
Jungsun Watershed of Han river.
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