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Summary

This study was conducted to derive optimal design floods by Gamma distribution mod-
els of the annual maximum series at eight watersheds along Geum, Yeong San and Seom
Jin river systems. Design floods obtained by different methods for evaluation of parame-
ters and for plotting positions in the Gamma distribution models were compared by the
relative mean errors and graphical fit along with 95% confidence interval plotted on
Gamma probability paper.

The results were analyzed and summarized as follows.

1. Adequacy for the analysis of flood flow data used in this study was confirmed by
the tests of Independence, Homogeneity and detection of Outliers.

2. Basic statistics and parameters were calculated by Gamma distribution models
using Methods of Moments and Maximum Likelihood.

3. It was found that design floods derived by the method of maximum likelihood and
Hazen plotting position formular of two parameter Gamma distribution are much closer

to those of the observed data in comparison with those obtained by other methods for
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parameters and for plotting positions from the viewpoint of relative mean errors.

4. Reliability of derived design floods by both maximum likelihood and method of mo-

ments with two parameter Gamma distribution was acknowledged within 95% confi-

" dence interval.
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Table-1. Gauging stations and physical characteristics of watersheds
Ri Stati Area |Length of main Average Shape Observed Locati
tver ation (km?) stream(km) |pasin width(km)| factor |duration(yrs) ocation
Long. 127° 36
Sutong 1,599.3 46.38 34.48 0.743 20 Lati. 36° 03
Long. 127° 21’
Geum | Seoghwa | 1,590.4 72.6 21.91 0.302 30 Lati. 36° 37
Long. 127° 37
Yongdam 989.5 12.0 82.46 6.872 29 Lati. 35° 58
. Long. 126° 44’
Naju 2,058.7 75.1 2741 0.365 25 Lati. 35° 01’
Yeong Long. 126° 50
San Mareug 683.9 56.0 12.21 0.218 37 Lati  35° 09’
Long. 126° 51’
Nampyeong| 576.2 41.1 14.02 0.341 31 LZE% 35° 03’
. Long. 127° 34’
Seom Songjeong | 4,255.7 185.7 22.92 0.123 31 Lati 35° 11
Jin Long. 127° 22
Abrog 2,447.5 162.3 15.08 0.093 23 Lati. 35° 11
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Table-2. Basic statistic
Ri Stat; M — Standard Coefficient of Coefficient of
ver tation ean(x) deviation(S) skewness(Cs) variation(Cy)
Sutong 1,383.1 733.0 0.513 0.529
Geumn Seoghwa 1,090.9 682.1 0.949 0.625
Yongdam 685.8 350.4 0.776 0.511
Naju 1,471.4 441.1 0.056 0.299
Yeong San Mareug 367.8 193.9 1.028 0.527
Nampyeong 362.9 127.2 1.039 0.350
Seom Songjeong 2,869.4 1,004.1 1.321 0.349
Jin Abrog 2,412.1 1,068.1 0.426 0.443
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Table-3. Test for independence and hpmogeneity of observed flows

Wald-Wolfowitz's test Mann-Whitney’s test
River Station for Independence for Homogeneity
[ul 4 Ug/z Test lul 2 Ug/2 Test
Sutong 1.107 1.96 O 1.06 1.96 O
Geum Seoghwa 1.184 1.96 O 0.66 1.96 O
Yongdam 0.553 1.96 O 0.22 1.96 O
Naju 0.461 1.96 O 0.22 1.96 O
Yeong

San Mareug 1.477 1.96 O 0.58 1.96 O
Nampyeong 0.918 1.96 O 0.04 1.96 O
Seom Songjeong 1.119 1.96 O 1.42 1.96 O
Jin Abrog 1.427 1.96 O 0.49 1.96 O

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

U,z . 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 | Xy X5 Test
Sutong |2.384(5,092.4| 274.7] O
Geum | Seoghwa |2.5635,590.3| 137.5| O
Yongdam [2.549(2,479.6] 144.0| O
Naju 2.4853,145.9| 625.7] O

Yeong
San Mareug |2.650(1,381.6] 74.1| O
Nampyeong | 2.577| 812.5( 145.2) O
Seom | Songjeong |2.5776,360.3|1,162.5; O
Jin Abrog 12.448(7,221.7] 6524 O

K : G-B statistic tabulated for various sample

size and 10% significance level
X Critical quantity of high outliers
X; : Critical quantity of low outliers

O : Accept at a level of 10% significance level
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K,y Statistic : 2.549(10% significance Jevel)

Fig. 1. G-B test for detection of high and
low outliers at Yongdam watershed
of Geum river
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Table-5. Parameters and basic statistic calculated by two parameter Gamma distribution using
Methods of Moments and Maximum Likelihood

. . Mean Standard | Coefficient | Coefficient
Method | River Station a A .. .
(m?/s) deviation |of skewness|of variation
Sutong 0.00257 3.56025| 1,383.100 733.016 1.060 0.530
Geum | Seoghwa | 0.00234 2.55764| 1,090.900 682.127 1.251 0.625
Yongdam | 0.00558 3.82990 685.759 350.411 1.022 0.511
Naju 0.00756 11.12794 1,471.360 441.074 0.600 0.300
MM | Yeong
san Mareug | 0.00977 3.59424 367.757 193.980 1.055 0.528
Nampyeong | 0.02244 8.14274 362.903 127.176 0.701 0.350
Seom | Songjeong | 0.00285 8.16691| 2,869.387| 1,004.061 0.700 0.350
Jin Abrog 0.00211 5.10007| 2,412.087| 1,068.083 0.886 0.443
Sutong 0.00242 3.35162| 1,383.100 755.485 1.093 0.546
Geum | Seoghwa | 0.00224 2.44064| 1,090.90 698.286 1.280 0.640
Yongdam | 0.00552 3.78834 685.759 352.328 1.028 0.514
ML | Yeong Naju 0.00725 10.67170| 1,481.360 450.404 0.612 0.306
san Mareug | 0.01019 3.74663 367.757 189.994 1.033 0.517
Nampyeong | 0.02544 9.23394 362.903 119.426 0.658 0.329
Seom | Songjeong | 0.00330 9.46019, 2,869.387 932.909 0.650 0.325
Jin Abrog 0.00203 4.90007| 2,412.087| 1,089.662 0.904 0.452
MM : Method of Moments ML : Maximum Likelihood Method

Table-6. Comparison of design floods calculated by different models in Geum river(=9) : m%/s)

Station Models and Methods for Return period(yrs)
derivation of parameters 5 10 20 50 100 200
Two Parameter Gamma, MM | 1,933.09 | 2,365.95 | 2,766.48 | 3,265.37 | 3,626.94 | 3,978.55
Two Parameter Gamma, ML | 1,946.92 | 2,396.14 | 2,813.01 | 3,333.48 | 3,711.37 | 4,079.28
Log-Pearson 3, DMM 2,010.30 | 2,388.48 | 2,685.72 | 2,990.60 | 3,171.50 | 3,319.61
Sutong Log-Pearson 3, ML 2,018.55 | 2,366.25 | 2,627.14 | 2,881.14 | 3,024.26 | 3,236.57
Log-Pearson 3, MMM 1,983.76 | 2,380.42 | 2,710.16 | 3,071.26 | 3,300.17 | 3,498.96
Log-Pearson 3, IMM (Cq)1  |1,999.05 | 2,450.45 | 2,849.51 | 3,317.51 | 3,634.80 | 3,924.96
Log-Pearson 3, IMM (Cy); | 1,994.18 | 2,374.65 | 2,681.10 | 3,004.76 | 3,202.68 | 3,368.85
Log-Pearson 3, IMM (C,); 1,996.42 | 2,397.39 | 2,729.65 | 3,091.99 | 3,320.66 | 3,517.70
Two Parameter Gamma, MM | 1,586.03 | 2,004.86 | 2,398.91 | 2,986.38 | 3,260.57 | 3,617.15
Two Parameter Gamma, ML | 1,594.96 | 2,026.19 | 2,432.93 | 2,947.44 | 3,324.67 | 3,694.38
Log-Pearson 3, DMM 1,627.58 | 2,032.22 | 2,382.76 | 2,781.20 | 3,041.79 | 3,272.36
Seoghwa Log-Pearson 3, ML 1,623.81 | 2,027.57 | 2,378.30 | 2,778.31 | 3,040.84 | 3,273.84
| Log-Pearson 3, MMM 1,625.39 | 2,030.84 | 2,383.46 | 2,786.11 | 3,050.67 | 3,285.69
Log-Pearson 3, IMM (Cs), 1,628.73 | 2,096.11 | 2,536.28 | 3,085.89 | 3,480.20 | 3,857.24
Log-Pearson 3, IMM (Cs); 1,628.55 | 2,055.94 | 2,438.28 | 2,888.91 | 3,194.34 | 3,472.76
Log-Pearson 3, IMM (C;)3 1,628.87 | 2,069.17 | 2,469.81 | 2,951.11 | 3,283.54 | 3,591.36
Two Parameter Gamma, MM 950.29 | 1,155.52 | 1,344.77 | 1,579.85 | 1,749.86 | 1,914.95
Two Parameter Gamma, ML | 951.50 | 1,158.10 | 1,348.72 | 1,585.59 | 1,756.95 | 1,923.38
Log-Pearson 3, DMM 965.76 | 1,160.99 | 1,329.41 | 1,522.28 | 1,650.31 | 1,765.50
Log-Pearson 3, ML 960.26 | 1,157.28 | 1,329.98 | 1,531.44 | 1,667.70 | 1,792.25
Yongdam 0 5 rson 3, MMM 961.07 | 1,158.69 | 1,331.99 | 1,534.22 | 1,671.03 | 1,796.14
Log-Pearson 3, IMM (Cs), 963.42 | 1,184.11 | 1,388.63 { 1,642.32 | 1,824.57 | 1,999.88
Log-Pearson 3, IMM (Cy). 964.11 | 1,170.97 | 1,356.03 | 1,576.80 | 1,729.41 | 1,871.49
Log-Pearson 3, IMM (Cy)3 963.96 | 1,175.57 | 1,367.23 | 1,599.02 | 1,761.43 | 1,914.37
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ting position formulas and different methods for parameters

Table-7. Relative Mean Errors calculated by Gamma distribution models using different plot-

Plotting Models and Methods for Geum Yeong San Seom Jin
. . Su- | Seog- | Yong- . | Nam- | Mar- | Song-
position derivation of parameters Naju . Abrog
tong | hwa | dam pyeong| eug [eong

Two Parameter Gamma, MM | 5.67 | 4.30 | 1.95 | 1.44 | 1.02 | 1.59 | 1.14 | 2.29

Two Parameter Gamma, ML, | 5.45 | 2.34 | 1.85 | 1.40 | 1.04 | 1.67 | 1.17 | 2.07

Log-Pearson 3, DMM 228 | 3.76 | 2.21 | 2.67 | 1.12 | 2.20 | 1.70 | 2.34

. Log-Pearson 3, ML 262 [ 392 | 232 [ 2.39 | 1.65 | 2.20 | 1.67 | 2.44

Welbull - Pearson 3, MMM 319 | 3.10 | 2.36 | 253 | 1.11 | 2.20 | 1.68 | 2.60

Log-Pearson 3, IMM (C;); 296 | 2.98 | 2.26 | 2.63 | 1.12 | 2.16 | 1.66 | 2.35

Log-Pearson 3, IMM (C;). 294 | 3.04 | 2.30 | 252 | 1.03 | 2.23 | 1.64 | 2.27

Log-Pearson 3, IMM (Cg)3 280 | 2.92 | 2.34 | 255 | 1.03 | 2.11 | 1.69 | 2.20

Two Parameter Gamma, MM | 1.74 | 2.70 | 1.58 | 1.30 | 1.19 | 1.61 | 1.22 | 1.92

Two Parameter Gamma, ML | 1.33 | 2.16 | 1.53 | 1.26 | 1.03 | 1.63 | 1.16 | 1.73

Log-Pearson 3, DMM 1.41 | 2.68 | 2.03 | 2.03 { 1.05 | 258 | 1.56 | 2.15

Log-Pearson 3, ML 1.68 | 2.84 | 1.95 | 2,63 | 1.50 | 2.17 | 1.56 | 2.15

Hazen 7 Pearson 3, MMM 1.38 | 271 | 3.26 | 242 | 1.03 | 2.17 | 153 | 2.09

Log-Pearson 3, IMM (C;); 1.26 | 2.70 | 2.04 | 2.30 | 0.92 | 2.12 | 1.58 | 1.88

Log-Pearson 3, IMM (Cy), 1.32 | 2.62 | 1.81 | 2.27 | 0.93 | 2.20 | 1.61 | 1.88

Log-Pearson 3, IMM (Cy)s 1.24 | 291 | 1.97 | 2.23 | 0.95 | 2.13 | 1.66 | 1.95

Two Parameter Gamma, MM | 2.42 | 2.73 | 1.61 | 1.35 | 1.07 | 151 | 1.11 | 1.94

Two Parameter Gamma, ML | 2.04 | 2.17 | 159 | 142 | 1.03 | 1.48 | 1.10 | 1.83

Log-Pearson 3, DMM 151 | 2.81 | 1.96 | 255 | 1.09 | 2.02 | 1.64 | 1.98

Log-Pearson 3, ML 1.63 | 3.01 | 2.03 | 2.32 | 1.85 | '2.08 | 1.69 | 2.09

Chegodayev I Pearson 3, MMM 2.05 | 281 | 2.07 | 245 | 097 | 2.0 | 1.67 | 2.10

Log-Pearson 3, IMM (Cy), 1.98 | 253 | 2.04 | 2.28 | 1.49 | 2.15 | 1.68 | 2.23

Log-Pearson 3, IMM (C;). 1.76 | 2.53 | 2.02 | 2.19 | 0.88 | 2.02 | 1.55 | 1.96

Log-Pearson 3, IMM (C,)s 1.69 | 255 | 2.03 | 2.26  0.91 | 2.01 | 1.55 | 1.88

Two Parameter Gamma, MM | 2.09 | 2.16 | 1.68 | 1.30 | 1.15 | 1.54 | 1.20 | 1.85

Two Parameter Gamma, ML | 1.567 | 2.20 | 158 | 1.25 | 1.02 | 1.68 | 1.09 | 1.67

Log-Pearson 3, DMM 148 | 272 | 1.93 | 2.20 | 1.10 | 2.12 | 1.61 | 2.04
Log-Pearson 3, ML 1.60 | 2.72 | 2.00 | 2.38 | 142 | 2.20 | 157 | 215

Cunnane I Pearson 3, MMM 1.93 | 273 | 1.96 | 2.7 | 0.97 [ 2.23 [ 161 | 2.15

Log-Pearson 3, IMM (Cy), 157 | 2,71 | 2.09 | 2.26 | 0.97 | 2.17 | 1.67 | 2.08

Log-Pearson 3, IMM (C;); 1.50 | 2.68 | 1.95 | 2.25 | 0.90 | 2.11 | 1.56 | 2.05
Log-Pearson 3, IMM (C,); 1.31 | 271 | 1.91 | 2.21 | 0.87 | 2.17 | 1.55 | 2.12
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Fig. 2. Comparison of design floods estimat-
ed using different methods for the
parameters with Hazen plotting posi-
tion at Yongdam watershed of Geum
river



25283 R A 397 A|3F 19973 64

308501 TT T+  Observed

— ML
---  Confidence Interval 95%

2468.2 T

1851.4

Discharge(m?/s)

1234.6

617.8

10

80 95 99 99.9
Percentage Probability of Nonexceedance
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