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Derivation of Optimal Design Flood by Gamma and Generalized
Gamma Distribution-Models(1I)

- On the Generalized Gamma Distribution Model -
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Summary

This study was conducted to derive optimal design floods by generalized gamma distribu-
tion model of the annual maximum series at eight watersheds along Geum, Yeongsan and
Seomjin river systems. Design floods obtained by different methods for evaluation of parame-
ters and for plotting positions in the generalized gamma distribution model were compared by
the relative mean errors and graphical fit along with 95% confidence limits plotted on gamma
probability paper.

The results were analyzed and summarized as follows.

1. Basic statistics and parameters were calculated by the generalized gamma distribution
model using different methods for parameters.

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

3. It was found that design floods derived by sundry averages method for parameters and
Cunnane 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 pa-
rameters and for plotting positions from the viewpoint of relative mean errors.

4. 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. Parameter and basic statistic calculated by Generalized Gamma Distribution using Method
of Moments, Maximum Likelihood, Sundry Averages Method and Method of Mixed Moments

Method | River Station a P s Mean Stapdérd Coefficient Coeffi.cie.nt
deviation |of skewness|of variation

Sutong | 0.00053 | 0.69636| 2.45702 |1383.10 | 733.016 | 0.513 0.530

Geum| Seoghwa | 0.00087 | 1.07844| 1.57280 |1090.90 | 682.127 | 0.950 0.625

Yongdam | 0.00189 | 1.65381| 1.54404 | 685.759| 350411 | 0.776 0511

MM [l Naja 0.00067 | 1.24465] 3.23852 | 1471.360| 441.074 | 0.056 0.30

Mareug | 0.00827 | 3.24698 | 1.05228 | 367.757| 193.080 | 1.028 0.527

S8 Nampyeong |0.44E+19|518.4397 | 0.12815 | 362.903| 127.176 | 1.039 0.350

Seom-| Songjeong | 0.21E-06 | 39.00357 | -0.4875 | 2869.387 | 1004.062 | 1.321 0.350

jin Abrog | 0.00038 | 1.066 | 2.315 |2412.087| 1068.083 | 0.426 0.443

Sutong | 0.00069 | 1.11728] 1.91650 |1385.469| 709.914 |  0.643 0512

Geum| Seoghwa | 0.0013 | 1.44702| 1.36060 |1091.317| 672.679 | 1.033 0.616

Yongdam | 0.00303 | 2.56539| 1.24121 | 685.819| 346.015 | 0.894 0.505

ML |goone ] Neiv 0.00067 | 1.28621| 3.27148 |1472.984| 429.462 | 0.043 0.292

Co"8] Mareug | 003251 | 6.35139] 0.07549 | 367.791| 194030 | 1192 0.528

Nampyeong | 0.36E-03 | 9.12496| -1.0322 | 363.403| 131.323 | 1.682 0.361

Seom- | Songjeong | 0.96E-05 | 16.74500| -0.7642 |2870.481 | 1000.975 1.458 0.349

jin Abrog | 0.00049 | 1.57020| 1.90625 |2414.089| 1040.047 | 0.527 0.431

Sutong | 0.00245 | 3.37332| 0.99633 | 1383.10 | 755.823 | 1.095 0.546

Geum | Seoghwa | 0.00886 | 4.69183] 0.70026 |1090.90 | 725072 | 1.550 0.665

Yongdam | 0.02100 | 6.85353| 0.73013 | 685.759| 360.350 | 1.202 0.525

SAM [ [ Naiw 0.00141 | 3.76681| 1.73838 | 1471.360| 440.846 | 0.392 0.30

Mareug | 1.39729 | 16.87396 | 0.45814 | 367.757 | 199.201 | 1.419 0.542

80 "Nampyeong | 0.44E-04 | 19.386 | —0.7010 | 362.903 | 127.467 | 1.438 0.351

Seom-| Songjeong | 0.38E-05 | 21.81498| -0.6683 | 2869.387 | 992.717 | 1.394 0.346

jin Abrog | 0.00205 | 4.92141| 0.99762 |2412.087 | 1089.89 0.905 0.452

Sutong | 0.00078 | 1.33522| 1.71677 |1383.100| 714.456 | 0.719 0.517

Geum | Seoghwa | 0.00111 | 1.41749] 1.37948 |1090.900 | 970.661 | 1.021 0.615

Yongdam | 0.00272 | 2.35820| 1.30299 | 685.759 | 344.316 | 0.862 0.502

MMM [T Neio 0.00085 | 2.00897| 2.49760 |1471.360| 432.163 | 0.201 0.294

Mareug | 0.01305 | 4.41786] 0.91481 | 367.757 | 191.341 |  1.086 0.520

S8 Nampyeong | 0.45E-11 | 150.5461 | -0.2470 | 362.903| 125.108 | 1.185 0.345

Seom- | Songjeong | 0.63E-06 | 32.49109 | -0.5443 | 2869.387| 987.734 | 1.324 0.344

jin Abrog | 0.00055 | 1.84586 | 1.73334 |2412.087| 1044.606 | 0.586 0.433

MM : Method of Moments SAM : Sundry Averages Method
ML : Maximum Likelihood MMM : Method of Mixed Moments

Cunnane 349 93] ¥ z=7& &L Gamma & ) 229 IAAYEG Ay fe 3y
EA A A 3Gt Generalized Gamma ¥ 28] o3 Fx=& W

T AAZSE v A4S 8 BT

4. Generalized Gamma 23X 3gof| 25| & 2}(Relative Mean Error, RME)& #] [®9] 29
TEH AR US| EREY E Gamma® ¥ 2 ¥ Log Pearson Type ¥ 2 X
XMy MdAEs2e vj o] A7} A 3 FIEE 7§ A= Table

A
e
K



=53 ohe) A 40 A2E 1998 44

33 2o

Table 39] Z#E Fds] Hzv] ddxo=R
Gamma ¥ ¥ 23 E3} Generalized Gamma £ %
g AgH 4] EB2E IAHAYE FA
Cunnane 22¥ E2|AYd o3 fr=e W=d
AA FaFe] A7 227t Weibull, Hazen 9
Chagodayev E2% TAHHd 28 A Br} A

B o g 24 velygth Cunnane £28 ¥ X
A o AAZTH i F5 B
Generalized Gamma ¥ 2389 A¥E FE 9
2 374 FA9 899 A7 FAS nEH
o sl Gamma FHEA| ZAE A= 37
Fig. 1 & 29} Zrt}.

o] 2}9] Table 35} Fig. 1 2 Fig. 29 A&

Table 2. Comparison of design floods calculated by different methods for derivation of parameters

) . Methods for Return period(yrs)
River Station
parameters 5 10 20 50 100 200
MM 2005.71| 2383.89 2699.16 3054.74 329141 3507.39
Sutong ML 1968.45 2351.0 2680.76 3064.43 3326.55 3570.35
SAM 1946.87| 2396.46 2813.82 3335.10 3713.69 4082.38
MMM 1960.72| 2353.99 2697.76 3102.95 3382.84 3645.28
MM 1625.59| 2025.48 2382.30 2809.95 3109.15 3392.17
ML 1606.39| 2006.52 2369.95 2813.13 3127.91 3429.08
Geum | Seoghwa
SAM 1581.65| 2040.74 2489.59 3078.19 3523.81 3971.56
MMM 1605.85| 2003.86 2364.67 2803.9 3115.39 3413.07
MM 965.19| 1160.79 1333.81 1540.08 1683.98 1819.91
ML 954.36| -1152.38 1331.38 1549.40 1704.36 1852.84
Yongdam
SAM 947.39| 1163.94 1368.74 1629.65 1822.65 2013.39
MMM 954.76| 1150.51 1326.58 1539.98 1691.03 1835.29
MM 1849.75| 2044.38 2202.17 2376.32 2490.34 2593.23
Naju ML 1841.27| 2029.98 2182.89 2351.60 2462.02 2561.66
SAM 1835.10| 2055.31 2244.06 2463.47 2613.61 2753.58
MMM 1836.21] 2038.56 2206.881 -2397.09 2524.13 | - 2640.44
MM 514.33 628.28 733.22 863.31 957.21 1048.22
Yeong Mareug ML 509.01 625.52 735.53 875.43 978.74 1080.70
san SAM 505.69 627.97 746.86 902.67 1020.96 1140.29
MMM 510.31 623.56 728.92 860.90 957.05 1050.96
MM 457.10 530.28 599.04 686.62 751.68 816.36
Nam- ML 449,56 528.50 608.04 717.45 804.87 897.16
pyeong SAM 450.30 526.15 600.85 701.04 779.22 860.18
MMM 452.93 526.03 595.97 686.87 755.73 825.39
MM 3573.21| 4166.56 4743.47 5506.31 6093.75 6695.71
Song- ML 3554.16| . 4150.14 4738.39 5529.50 6148.38 6790.50
jeong SAM 3555.53] 4144.43 4721.88 5492.80 6091.85 6710.06
Seom MMM 3561.26| 4144.57 4712.12 5463.34 6042.44 6636.35
jin MM 3312.0f 3848.81 4299.57 4812.16 5155.92 5471.43
Abrog ML 3272.15| 3813.13 4277.57 4816.83 5184.94 5527.24
SAM 3249.60) 3871.34 4438.61 5137.05 5638.77 6123.69
MMM 3264.95| 3817.94 4297.58 4859.90 5246.93 5609.04
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Table 3 Relative Mean Errors by Gamma Distribution models and Generalized Gamma Distribution
model using different plotting position formulas and different methods for parameters in
selected watersheds

Plotting Models and Methods Geum Yeong san Seom jin
position for derivation Su- |Seog- |Yong- Ma- Nam-gj Song- Remark
formula of parameters tong | hwa | dam | Naju | reug pyeong jeong Abrog
Generalized Gamma, MM 1.40 | 2.53 | 1.59 | 1.21 | 0.86 | 1.84 | 1.04 | 1.73
Generalized Gamma, ML 2.36 | 2.73 | 1.80 l 1.31 | 0.86 | 1.77 | 1.11 | 2.02
Generalized Gamma, SAM 2.84 | 3.00 | 1.98 [ 1.46 | 0.87 | 1.70 [ 1.12 | 2.21
Generalized Gamma, MMM 2.49 | 2.68 | 1.82 | 1.36 | 0.89 | 1.85 | 1.11 | 2.04
Two Parameter Gamma, MM 5.67 | 430 | 1.95 | 1.44 | 1.59 | 1.02 | 1.14 | 2.29
Weibull Two Parameter Gamma, ML 5.45 | 234 | 1.85 | 1.40 | 1.67 | 1.04 | 1.17 | 2.07
Log-Pearson 3, DMM 2.28 | 3.76 | 2.21 | 2.67 | 2.20 1.12]1.70 2.3@ The
Log-Pearson 3, ML, 2.62 | 3.92 | 2.32 | 2.39 | 2.20 | 1.65 r1.67 2.44 first
Log-Pearson 3, MMM 319 | 3.10 | 2.36 | 253 | 2.20 | 1.11 | 1.68 Z.E&‘ report?!?
Log-Pearson 3, IMM(Cs), 2.96 | 298 | 2.26 | 2.63 | 2.16 | 1.12 | 1.66 | 2.35
Log-Pearson 3, IMM(Cs)2 2.94 [ 304 | 230 | 252 | 2.23 [ 1.03 | 1.64 | 2.27
Log-Pearson 3, IMM(Cs)3 2.80 [2.92 1234 | 255 | 2.11 [ 1.03 | 1.59 | 2.20 |
Generalized Gamma, MM 167 | 283 | 1.74 | 1.19 | 0.87 | 1.54 | 1.00 | 1.88
Generalized Gamma, ML 1.17 | 280 | 159 | 1.18 | 0.72 | 1.66 | 0.98 | 1.74
Generalized Gamma, SAM 1.54 | 2.67 | 1.69 | 1.19 | 0.77 | 1.68 | 0.96
Generalized Gamma, MMM 1.14 | 2.81 | 1.66 | 1.15 | 0.80 | 1.73 | 0.9
Two Parameter Gamma, MM 1.74 | 270 | 1.58 | 1.30 | 1.61 [ 1.19 | 1.22
Two Parameter Gamma, ML 1.33 | 2.16 | 1.63 | 1.26 | 1.63 | 1.03 | 1.16
Hazen |1 Pearson 3, DMM 1.41 | 2.68 | 2.03 [ 2.03 [ 2.58 [ 1.05 | 1.56 -
Log-Pearson 3, ML 1.68 | 2.84 | 1.95 | 2.63 | 2.17 | 1.50 | 1.56 ﬁr:t
Log-Pearson 3, MMM 1.38 | 2.71 | 3.26 | 242 [ 217 | 1.03 | 1.53 -,
Log-Pearson 3, IMM(Cs), 1.26 | 2.70 [ 2.04 | 2.30 | 212 | 0.92 | 1.58 report
Log-Pearson 3, IMM(Cs), 1.32 | 2.62 | 1.81 | 2.27 | 2.20 | 0.93 | 1.61
Log-Pearson 3, IMM(Cs) 3 1.24 | 291 1197 | 223 | 213 | 0.95 | 1.66 | 1.95
Generalized Gamma, MM 1.29 | 263 | 1.52 | 1.11 | 0.84 | 1.68 | 1.00 | 1.69
Generalized Gamma, ML 1.49 | 253 | 1.61 | 1.17 1 0.75 | 1.60 | 0.96 | 1.72
Generalized Gamma, SAM 1.91 ’717 171 [ 1.23 | 1.77 | 1.63 | 0.98 | 1.86
Generalized Gamma, MMM 159 [ 2.72 | 1.64 | 1.20 [ 0.79 | 1.69 [ 1.02 | 1.78
Two Parameter Gamma, MM 242 | 2.73 | 161 | 1.35 | 1,51 | 1.07 | 1.11 | 1.94
Chego- | Two Parameter Gamma, ML 2.04 1217 | 159 | 142 | 148 | 1.03 | 1.10 | 1.83
dayev |Log-Pearson 3, DMM 151 | 2.81 | 1.96 | 255 | 2.02 | 1.09 | 1.64 | 1.98 Th
Log-Pearson 3, ML 1.63 [ 3.01 [ 2.03 | 2.32 | 2.08 | 1.85 | 1.69 | 2.09 | . e
LogPearson 3, MMM 2.05 | 2.81 | 2.07 | 2.45 | 210 | 0.97 167 | 210 | ot
Log-Pearson 3, IMM(Cy), 1.98 | 253 | 2.04 | 2.28 | 2.15 | 1.49 | 1.68 | 2.23 |report
Log-Pearson 3, IMM(Cs), 1.76 | 253 | 2.02 | 2.19 | 2.02 | 0.88 | 1.55 | 1.96
og-Pearson 3, IMM(Cs) 4 1.69 | 2,55 | 2.03 | 2.26 | 2.01 | 0.91 | 1.55 | 1.88
Generalized Gamma, MM 1.46 ESO 1.59 | 1.13 | 0.88 | 1.63 | 0.99 | 1.81
Generalized Gamma, ML 1.27 | 2.56 | 1.56 | 1.18 | 0.71 | 1.67 | 0.96 | 1.75
Generalized Gamma, SAM 1.01 | 2.34 [ 1.41 | 1.17 [ 0.70 | 1.49 | 0.95 | 1.54
Generalized Gamma, MMM 1.39 | 260 | 1.72 | 1.16 | 0.78 | 1.71 | 0.96 | 1.73
Two Parameter Gamma, MM 2.09 | 2.16 | 1.68 | 1.30 | 1.54 | 1.15 | 1.20 | 1.85
Two Parameter Gamma, ML 1.57 | 2.20 | 1.58 | 1.25 | 1.68 | 1.02 | 1.09 | 1.67
Cunnane(1 o “Pearson 3, DMM 148 [2.72 1193 | 2.20 [ 212 [ 110 [ 161 [2.04 |
Log-Pearson 3, ML 1.60 | 272 | 2.00 | 2.38 | 2.20 | 1.42 | 1.57 | 2.15 ﬁrset
Log-Pearson 3, MMM 193 | 2.73 | 1.96 | 2.17 | 2.23 | 0.97 | 1.61 | 2.15 20
Log-Pearson 3, IMM(Cy), 157 | 271 | 2.09 | 2.26 | 2.17 | 0.97 | 1.67 | 2.08 | report
Log-Pearson 3, IMM(Cs), 1.50 | 2.68 | 1.95 | 2.25 | 2.11 | 0.90 | 1.56 | 2.05
Log-Pearson 3, IMM(C;) 3 131 [ 271 | 1.91 [ 2.21 [ 217 [ 0.87 [ 155 [ 2.12
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