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ABSTRACT

The purpose of this study is to develop regional regression models to estimate mean low flow for ungauged basins. The unregulated
streamflow data observed at 12 multipurpose dams and 4 irrigation dams were analyzed for determining mean low flows. Various types
of regression models were developed using the relationship between mean low flows and various sets of watershed characteristics such
as drainage area, average slope, drainage density, mean annual precipitation, runoff curve number. The performance of each regression
model for estimating mean low flows was assessed by comparison with the results obtained from the observed data. It was found that
a regional regression model explained by drainage area, the mean annual precipitation, and runoff curve number showed the best
performance. The regression model presented in this study also gives better estimates of mean low flow than the estimates by the
drainage-area ratio method and the previous regression model.
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Country Low Flow Index
Korea Mean Low Flow Duration 355 day or mean annual 97% (Q97) low flow
Standard Low Flow Mean annual 97%(Q97) 10-year Low Flow

Japan Mean annual 97%(Q97) 10-year low flow

USA 7-day 10-year low flow(7Q-10)

7-day 2-year low flow(7Q-2)
UK Mean annual 95% (Q95) low flow or Mean annual 7-day minimum flow(MAM7)
Russia and Eastern Europe 1-day and 30-day summer and winter low flow
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Table 2. Characteristics of Study Basins
i | vamorrony | N [l ] el O [ Verors | i

Soyanggang Dam 1974~2014 41 2,703.0 1,225.7 63.6 46.0 1.4
Chungju Dam 1986~2014 29 6,648.0 1,237.4 63.1 349 1.8
Hoengsung Dam 2001 ~2013 13 209.0 1,524.0 44.7 51.3 1.2
Andong Dam 1977~2013 37 1,584.0 1,151.9 55.8 424 33
Imha Dam 1993 ~2013 21 1,361.0 1,003.6 59.5 40.4 2.9
Hapcheon Dam 1989~2013 25 925.0 1,334.4 54.3 349 3.6
Namgang Dam 1976~2013 38 2,285.0 1,519.0 65.0 404 3.0
Miryang Dam 2001 ~2013 13 103.5 1,474.8 51.9 52.0 1.9
Yongdam Dam 2001 ~2013 13 930.0 1,426.0 59.3 434 2.3
Seomjingang Dam 1975~2013 39 763.0 1,324.0 65.2 37.9 1.6
Buan Dam 1997~2013 17 59.0 1,393.0 61.0 46.9 29
Boryeong Dam 1998 ~2013 16 163.6 1,431.0 62.0 40.2 1.6
Gwangdong Dam 1989~2013 25 125.0 1,290.2 68.4 47.8 22
Unmun Dam 1995~2013 19 301.3 1,243.3 72.2 48.6 22
Daeam Dam 2000~2015 16 77.0 1,379.3 57.1 36.8 33
Sueo Dam 1996 ~2015 20 49.0 1,736.4 61.2 51.2 24
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Fig. 1. Estimation Accuracy of Drainage Area Ratio Method
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Table 4. Comparison of Low Flow(Q,;:) by Drainage Area Ratio
Method (unit: m®/s)

Basins Qobs.(355) Qest 039
Hapcheon Dam(gaged basin)
Soyanggang Dam 1.85 4.05
Chungju Dam 10.31 9.96
Hoengsung Dam 0.11 0.31
Andong Dam 1.47 2.37
Imha Dam 0.42 2.04
Hapcheon Dam 1.39 -
Namgang Dam 4.15 3.42
Miryang Dam 0.04 0.14
Yongdam Dam 1.06 1.39
Seomjingang Dam 0.13 1.14
Buan Dam 0.01 0.09
Boryeong Dam 0.03 0.25
Gwangdong Dam 0.07 0.19
Unmun Dam 0.02 0.45
Daeam Dam 0.32 0.12
Sueo Dam 0.25 0.07
BIAS 0.411
RMSE 0.833
R’ 0.891
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Fig. 2. Cross-Validation of Drainage Area Ratio Method: Estimated
vs. Observed Values
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Table 5. Comparison of Low Flow(Q,;;) by Cho et al.(2007)
Method (unit: m®/s)

Basins Qops.(355) Qest.(355)
Soyanggang Dam 1.85 3.13
Chungju Dam 10.31 11.72
Hoengsung Dam 0.11 0.47
Andong Dam 1.47 1.17
Imha Dam 0.42 1.42
Hapcheon Dam 1.39 1.45
Namgang Dam 4.15 1.95
Miryang Dam 0.04 0.16
Yongdam Dam 1.06 1.11
Seomjingang Dam 0.13 2.30
Buan Dam 0.01 0.10
Boryeong Dam 0.03 0.69
Gwangdong Dam 0.07 0.22
Unmun Dam 0.02 0.36
Daeam Dam 0.09 0.25
Sueo Dam 0.08 0.08
BIAS 0.337
RMSE 0.970
R’ 0.879
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Fig. 4. Cross-Validation of Cho et al.(2007) Method: Estimated vs.
Observed Values
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Table 6. Low Flow Equation Factors by Cross-Validation of Basin Characteristics

A B C o 6 o' 1 R2

A R CN 0.000006 1.6055 3.6176 -6.1775 0.984
A D CN 0.000016 1.6339 1.1055 -0.3936 0.973
A S CN 0.000096 1.0058 -2.0822 2.4461 0.958
A D R 0.000004 1.5462 1.0979 0.0554 0.974
A S R 0.000019 1.0426 -2.8006 1.9656 0.983
A S D 0.000034 1.5754 -0.5428 1.2010 0.975
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Table 7. Comparison of Low Flow(Q,;,;) by Regression Factor (unit: m®/s)

. Regression factors of New Regional Regression Method
Basins Qs (355)
A,CN,R A,CN,D A,CN, S A,D,R A,S,R A,S,D
Soyanggang Dam 1.85 2.21 1.87 241 1.94 1.85 1.66
Chungju Dam 10.31 10.15 10.40 10.41 9.95 10.42 10.37
Hoengsung Dam 0.11 0.70 0.03 0.06 0.03 0.14 0.02
Andong Dam 1.47 1.68 2.09 1.21 2.14 1.18 2.06
Imha Dam 0.42 0.54 1.40 1.35 1.48 0.88 1.45
Hapcheon Dam 1.39 1.42 0.97 0.99 1.04 1.55 1.10
Namgang Dam 4.15 3.18 3.24 2.82 3.47 3.40 3.38
Miryang Dam 0.04 0.003 0.01 0.14 0.01 0.06 0.01
Yongdam Dam 1.06 1.06 0.57 0.78 0.64 0.96 0.57
Seomjingang Dam 0.13 0.33 0.27 1.08 0.31 0.99 0.29
Buan Dam 0.01 0.01 0.01 0.04 0.01 0.04 0.01
Boryeong Dam 0.03 0.05 0.02 0.18 0.03 0.20 0.02
Gwangdong Dam 0.07 0.01 0.02 0.12 0.03 0.07 0.02
Unmun Dam 0.02 0.03 0.08 0.32 0.11 0.16 0.09
Daeam Dam 0.09 0.003 0.01 0.16 0.02 0.11 0.02
Sueo Dam 0.08 0.004 0.004 0.06 0.01 0.04 0.01
BIAS -0.011 0.014 -0.058 0.000 0.052 -0.008
RMSE 0.312 0.407 0.518 0.399 0.326 0.390
R’ 0.985 0.975 0.957 0.976 0.983 0.977
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Table 8. Comparison of Low Flow(Q,

) Estimation Methods (unit: m®/s)

Basins Qs (355) Drainage area ratio method Regiogz:lloree%;ef(szigg ;I)l ethod | New Regiozzl, rcelir,els:)ion method
Soyanggang Dam 1.85 4.05 3.13 2.21
Chungju Dam 10.31 9.96 11.72 10.15
Hoengsung Dam 0.11 0.31 0.47 0.70
Andong Dam 1.47 237 1.17 1.68
Imha Dam 0.42 2.04 1.42 0.54
Hapcheon Dam 1.39 - 1.45 1.42
Namgang Dam 4.15 3.42 1.95 3.18
Miryang Dam 0.04 0.14 0.16 0.003
Yongdam Dam 1.06 1.39 1.11 1.06
Seomjingang Dam 0.13 1.14 2.30 0.33
Buan Dam 0.01 0.09 0.10 0.01
Boryeong Dam 0.03 0.25 0.69 0.05
Gwangdong Dam 0.07 0.19 0.22 0.01
Unmun Dam 0.02 0.45 0.36 0.03
Daeam Dam 0.09 0.12 0.25 0.003
Sueo Dam 0.08 0.07 0.08 0.004
BIAS 0.411 0.337 -0.011
RMSE 0.833 0.970 0.312
R’ 0.891 0.879 0.985
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