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Abstract

The Power transformation, the modified Power transformation, the logarithmic
transformation, the square-root logarithmic transformation, the SMEMAX trans-
formation, the Extreme value type III, the Weibull, the log Pearson type III, the
lognormal distribution, and the log-Boughton based on plotting position are con-
sidered to estimate 7-day, 10-day, 20-day, and 30-day low flows for return
periods at the Yongdam stage station. The method of moment and the maximum
likelihood procedure are adopted to calculate the parameters of the Extreme value
type III, the Weibull and the log-Pearson type III distribution, and the Kol-
mogorov - Smirnov (K-S) test is performed to test the goodness of fit for each
distribution. The main advantage of the transformation methods is to transform a
given sample data in a such manner that the transformed sample is a near
normal distribution. The fitting procedure for the Extreme value type III per-
formed poorly. The maximum likelihood procedure only produced results in
7-day flow series. The two parameters in the Weibull distribution are not suffi-
cient to adequately describe the shape. The log-Pearson type III performs

_ relatively well in most cases. It is found that the Power, the modified Power,
the logarithmic, the square-root logarithmic, the log-Boughton distribution con-
sistently provide a good fit to low flows for the Yongdam station.
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<Table 1> Statistical properities of sample

(unit: cms -day)

Period of Mean Standard Coefficient Coefficient Coefficient
ﬂows deviation of variation of skewness of kurtosis
7-day 30.16 19.94 0661 0.449 1.948
10-day 45.28 2475 0.546 0.458 1912
20-day 104.91 50.94 0.485 0.517 2.084
30-day 173.21 80.54 0.465 0.473 2414
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<Table 2> Statistical properties and estimates of parameters

(unit: cms - day)

Period Distribution Cs Ck Pasameter a s 7 Qmin
A (Qmax)

power 0.000 1.682 0.246

mod. power | 0.000 1.782 0.549 c=-8.0

log-trans. 0.000 1.655 c=79

square-root | 0.000 1.648 c=125

SMEMAX 0.156 1.663 :
7-day | Gumbels 2326 | 3486 | 638+ | o9

Gumbel++ 1147 | 31.14 | 827 (66.361)

Weibull 1.847 33.96

log-Pearson+* -0.418 294 443

lognormal -0.153 1.720

Boughton mean=1406 S=0235 A=257 (C=6936

power 0.000 1723 | 0.221 | i

mod. power 0.000 1.860 0.577 c=-13.0

log-trans. 0.0004 1.701 c= 102

square-root 0.0003 1.695 c= 16.2

SMEMAX 0.163 1.684 13.016
10-day "Gumbels 2310 | 5212 | -7.80~+ | (97.078)

Weibull 1.903 51.04

log-Pearson* -0.379 3.24 485

lognormal -0.142 1.771

Boughton mean=1587 $=0.229 A=2613 C=7.179

power 0.000 1922 | 0.182 1 [

mod. power 0.000 2.104 0.579 ¢c=-33.1

log-trans. 0.000 1.900 = 19.1

square-root 0.000 1.893 c= 303

SMEMAX 0.087 1.891 33210
20-day | Gumbel* 2200 | 11840 0.042 (203.002)

Weibull 2.171 118.46 '

log-Pearson~ -0.241 5.35 5.81

lognormal -0.128 1978

Boughton mean=1969 S=0208 A=3.094 C=10.181

power 0.000 2059 | 0387 1 |

mod. power 0.000 2.169 0.690 c=-62.0

log-trans. 0.000 2027 c= 980

square-root 0.000 2.024 c=121.1

SMEMAX -0.013 2018 [ 62744
30-day | Gumbel* 2281 | 19521 | 245

Weibul 2278 | 19553 | (367.061)

log-Pearson* -0.228 544 6.27

lognormal -0.364 2.113

Boughton | mean=2.190 S$=0.204 A=3.063 C=9.982

* method of moment
** maximum likelihood
*** unacceptable parameters
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<Table 3> Low flows for return periods using various distributions

(unit: cms -day)

. o Return period in years K-S
Period | Distribution 2 5 10 25 50 100 s.tatistic1
power 26.59 15.45 1.27 7.82 6.06 475 | 0.138
mod. power 26.83 15.12 11.08 0.0 0.0 0.0 0.134
log-trans. 26.57 1551 11.28 7.58 557 399 | 0.129
square-root 26.55 1552 11.27 7.50 544 3.79 0.129
SMEMAX 27.39 16.24 10.41 4.19 0.17 0.0 0.174
7-%aY " Gumbel++ 2488 14.45 11.48 9.68 9.03 869 | 0.114
Weibull 27.84 15.07 10.04 6.01 4.10 281 | 0.148
log-Pearson+ | 28.19 14.59 9.49 558 3.80 261 | 0.142
lognormal 25.44 15.15 11.61 8.71 7.23 6.12 | 0123
Boughton 2851 17.04 11.78 7.02 455 280 | 0.192
o power 40.08 23.84 17.71 12.60 9.97 799 | 0.132
mod. power 40.65 23.25 17.18 0.0 0.0 0.0 0.127
log-trans. 40.03 23.90 17.73 12.34 9.42 711 | 0121
square-root 400 23.92 17.73 12.24 924 '6.85 0.124
10~day | SMEMAX 41.10 24.99 16.57 7.60 1.80 0.0 0.164
Weibull 42.09 23.20 15.64 9.50 6.57 455 | 0.135
log-Pearson= 42.45 22.68 15.11 9.19 6.41 452 0.132
lognormal 3863 | 2345 18.14 13.76 11.51 980 | 0.106
Boughton 43.02 26.09 18.27 11.16 7.41 470 | 0.182
power 95.17 61.15 47.80 36.30 30.16 2538 | 0,088
mod. power 96.36 59.92 46.34 36.58 0.0 0.0 0.079
log-trans. 95.08 61.20 47.90 36.02 2949 | 2428 | 0081
square-root 94.99 61.23 47.89 35.90 29.25 2390 | 0.081
20-day SMEMAX 92.02 63.03 47.88 31.73 21.29 11.90 | 0.104
Gumbel* 100.30 60.09 4285 27.99 20.45 1500 | 0.090
Weibull 100.06 59.37 42.02 27.15 19.64 1424 | 0.089
log-Pearson~ | 99.24 59.72 4361 29.97 22.98 1781 | 0.085
lognormal 93.04 60.52 48.50 38.21 3276 2852 | 0071
Boughton 100.07 63.54 47.28 32.46 24.38 1817 | 0.108
power 16182 | 103.59 79.25 57.54 45.72 3647 | 0.091
mod. power | 16135 | 101.18 77.28 0.0 0.0 0.0 0.079
log-trans. 161.88 | 104.03 79.48 56.35 43.04 3205 | 0.086
square-root | 161.73 | 10397 79.38 56.13 4269 3156 | 0.086
30-day | SMEMAX 15961 | 107.80 80.71 51.83 33.18 16.40 | 0.109
Gumbel- 166.61 | 102.34 74.34 49.89 37.30 28.12 | 0.088
Weibull 166.48 | 10123 72.83 48.03 35.28 2597 | 0089
log-Pearson= | 16504 | 10176 75.47 52.84 41.07 3225 | 0.084
lognormal 15454 | 101.14 81.32 64.29 55.23 48.18 | 0.094
Boughton 16625 | 106.40 7946 | 5472 | 4116 | 3068 | 0103 |

* Method of moment
** Maximum likelihood
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