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Development of Regional Regression Model for Estimating Flow
Duration Curves in Ungauged Basins

ABSTRACT

The objective of this study is to develop the regional regression models based on the physiographical and climatological characteristics
for estimating flow duration curve (FDC) in ungauged bsisns. To this end, the lower sections with duration from 185 to 355 days of
FDCs were constructed from the 16 gauged streamflow data, which were fitted to the two-parameter logarithmic type regression
equation. Then, the parameters of the equation were regionalized using the basin characteristics such as basin area, basin slope,
drainage density, mean annual precipitation, mean annual streamflow, runoff curve number in order that the proposed regression
model can be used for ungauged basin. From the comparison of the estimated by the regional regression model with the observed ones,
the model with the combination of basin area, runoff curve number, mean annual precipitation showed the best performance.
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Table 1. Duration and Exceedance Probability According to Flow
Duration Curve

Division Low | Minimum | Normal | Abundant | Flood
v Flow Flow Flow Flow Flow
Duration (day) | 355 | 275 185 95 1~2
Exceedance | o0 31 053 | 507 | 260 | 03~05
probability (%)
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Fig. 1. FDC (Flow Duration Curve) According to Duration
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Table 2. Characteristics of Study Basins
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Basins Years of record No.of - Basin area A;:ercaiieitzzl:)lrllal Curve | Mean slope Ddr:rllrsl{at;é/e Mearg Flow
years A (km?) R (mm) Number S b (m®/s)
Soyanggang Dam 1974~2014 41 2,703.0 1,225.7 63.6 46.0 1.4 105.1
Chungju Dam 1986 ~2014 29 6,648.0 1,237.4 63.1 34.9 1.8 260.8
Hoengsung Dam 2001~2013 13 209.0 1,524.0 44.7 51.3 1.2 10.1
Andong Dam 1977~2013 37 1,584.0 1,151.9 55.8 42.4 33 57.9
Imha Dam 1993 ~2013 21 1,361.0 1,003.6 59.5 40.4 29 433
Hapcheon Dam 1989~2013 25 925.0 1,334.4 54.3 349 3.6 39.1
Namgang Dam 1976 ~2013 38 2,285.0 1,519.0 65.0 40.4 3.0 110.1
Miryang Dam 2001 ~2013 13 103.5 1,474.8 51.9 52.0 1.9 4.5
Yongdam Dam 2001 ~2013 13 930.0 1,426.0 59.3 43.4 23 42.1
Seomjingang Dam 1975~2013 39 763.0 1,324.0 65.2 379 1.6 32
Buan Dam 1997~2013 17 59.0 1,393.0 61.0 46.9 29 2.6
Boryeong Dam 1998 ~2013 16 163.6 1,431.0 62.0 40.2 1.6 7.4
Gwangdong Dam 1989~2013 25 125.0 1,290.2 68.4 47.8 22 5.1
Unmun Dam 1995~2013 19 301.3 1,243.3 72.2 48.6 22 11.9
Daeam Dam 2000~2015 16 77.0 1,379.3 57.1 36.8 33 34
Sueo Dam 1996 ~2015 20 49.0 1,736.4 61.2 51.2 24 2.7
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Fig. 3. Comparison of Mean Daily Flow and FDC of Each Basin (ex. Soyanggang Dam)
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Table 3. Parameter of Regression Equation for Each Basin
Basins Basin area A (km?) a b Note
Soyanggang Dam 2,703.0 170.560 -28.759 multipurpose
Chungju Dam 6,648.0 396.070 -65.720 multipurpose
Hoengsung Dam 209.0 12.332 -2.076 multipurpose
Andong Dam 1,584.0 81.632 -13.560 multipurpose
Imha Dam 1,361.0 38.857 -6.518 multipurpose
Hapcheon Dam 925.0 46.357 -7.599 multipurpose
Namgang Dam 2,285.0 132.640 -21.760 multipurpose
Miryang Dam 95.4 4.843 -0.816 multipurpose
Yongdam Dam 930.0 61.193 -10.200 multipurpose
Seomjingang Dam 763.0 36.354 -6.177 multipurpose
Buan Dam 59.0 1.705 -0.291 multipurpose
Boryeong Dam 163.6 5.925 -1.012 multipurpose
Gwangdong Dam 125.0 5.397 -0.913 water
Unmun Dam 301.3 15.626 -2.662 water
Daeam Dam 71.0 3.570 -0.590 water
Sueo Dam 49.0 4.900 -0.823 water
0 450
350
h T sess
P b = -0.1662a 2
40 A R’ = 0.9999 200 |
-50 T °
" 0 1(;0 zolo 3<;0 4(;0 500 ’ 0 =0 100 150 200 250 300

a

Fig. 5. Correlation Between Parameters a and b
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Table 4. Accuracy of MF Model

o
o
4o
ot
)
12

BIAS RMSE R’
Factor
cht(355) Q(‘,SL(275) Q(‘,SL(ISS) Q(‘,SL(355) chl(275) chl(lSB) chl(355) Q(‘st(275) Q(‘Sl(185)
MF -0.302 -0.571 -0.790 0.699 0.896 1.422 0911 0.983 0.988
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Fig. 7. Cross-Validation of MF (Mean Flow) Model: Estimated vs. Observed Values
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Table 5. Accuracy of AREA-CN-SAAR Model

BIAS RMSE R’
Factor
Qest(iiﬁf)) Qest(275) Qest(lSS) Qest(:sss) Qest(275) Qest(l&")) Qest(355) Qest(275) Qest(l&"))
AR -0.027 0.374 0.890 1.024 2.110 4.110 0.857 0.955 0.963
A, CN,R -0.095 0.186 0.515 0.844 1.518 2.891 0.892 0.970 0.976
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Fig. 9. Cross-Validation of AREA-CN-SAAR Model: Estimated vs. Observed Values
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Table 6. Equation Factors by Cross-Validation of Basin Characteristics
A B C « Jo] 0 0 R?
A R CN 0.00015 1.0886 0.6494 0.1349 0.992
A D CN 0.00192 1.0177 -0.1727 0.8147 0.991
A S CN 0.00048 1.1188 0.4842 0.4952 0.992
A D R 0.00001 1.0360 -0.3886 1.1933 0.996
A S R 0.00005 1.1568 0.6687 0.4690 0.995
A S D 0.00285 1.1252 0.5612 -0.0983 0.992
Table 7. Accuracy of Multiple Regression-Based Regional Regression Model
BIAS RMSE R’
Factor
Qest(iiss) Qest(275) Qest(lss) Qest(355) Qest(275) Qest(lss) Qest(:sss) Qest(275) Qest(lss)
A,R,CN -0.206 -0.122 -0.097 0.626 0.729 0.966 0.933 0.988 0.995
A,D,CN -0.217 -0.154 -0.161 0.771 1.150 1.390 0.897 0.969 0.989
A, S,CN -0.201 -0.108 -0.071 0.751 1.081 1.279 0.903 0.973 0.990
A,D,R -0.215 -0.148 -0.150 0.720 0.964 0.960 0911 0.978 0.995
A,S,R -0.204 -0.118 -0.089 0.721 0.942 0.975 0911 0.979 0.994
A,S,D -0.198 -0.100 -0.054 0.790 1.183 1.377 0.894 0.968 0.989
15 30 60
12 - 25 50
20 40
oo Z 2 2
% ?Ef 15 y|=0.9912x % 30 y = 0.9927x
! 3 R? = 0.9876 3 R? = 0.9945
o 6 o 4
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3 515 0 7
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0 T T 0 T T T 0 T
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Qobs. 3s5(m’/s) Qobs. 275(m’/5) Qubs. 185(m’/s)
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Fig. 10. Cross-Validation of Multiple Regression-Based Regional Regression Model: Estimated vs. Observed Values
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Fig. 11. Estimated and Observed Value of Each Basin by Regression Factor(A, CN, R)
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Table 8. Comparison of Q;;, Q,;; and Q,,, by Estimation Models (unit: m*/s)

Qest.(355) Qest.(275) Qest.(ms)
Basins Qots. (355)| MF AREA-CN- RRM | Qois. (27 MF AREA-CN- RRM | Qois. (185) | MF AREA-CN- RRM
model SAAR model model SAAR model model SAAR model
model model model

Soyanggang Dam 1.85 3.71 3.34 3.63 8.77 10.67 9.24 9.90 21.30 | 20.78 18.40 19.70
Chungju Dam 1031 | 9.20 7.74 9.57 26.74 | 26.49 21.39 26.50 | 52.86 | 51.59 42.58 52.75
Hoengsung Dam 0.11 0.36 0.23 0.22 0.67 1.03 0.63 0.67 1.50 2.00 1.26 1.33
Andong Dam 1.47 2.04 1.54 1.87 5.18 5.88 4.26 5.22 10.54 11.44 8.47 10.39
Imha Dam 0.42 1.53 1.31 1.51 2.20 4.40 3.62 4.08 497 8.57 7.21 8.13
Hapcheon Dam 1.39 1.38 1.04 1.12 3.93 3.97 2.86 3.19 6.52 7.74 5.70 6.34
Namgang Dam 4.15 3.88 3.70 3.44 10.66 11.18 10.24 9.50 18.88 | 21.77 20.39 18.92
Miryang Dam 0.04 0.14 0.25 0.13 0.26 0.45 0.39 0.31 0.60 0.88 0.78 0.61
Yongdam Dam 1.06 1.48 1.27 1.21 4.09 427 3.50 3.39 7.66 832 6.97 6.74
Seomjingang Dam | 0.13 1.13 1.14 0.98 1.61 3.25 3.15 2.64 4.14 6.34 6.26 5.25
Buan Dam 0.01 0.09 0.10 0.06 0.05 0.26 0.27 0.17 0.22 0.52 0.53 0.33
Boryeong Dam 0.03 0.26 0.26 0.19 0.20 0.75 0.72 0.51 0.71 1.47 1.44 1.03
Gwangdong Dam 0.07 0.18 0.21 0.14 0.25 0.52 0.58 0.36 0.66 1.01 1.16 0.72
Unmun Dam 0.02 0.42 0.51 0.36 0.63 1.21 1.41 0.93 1.67 2.35 2.81 1.86
Daeam Dam 0.09 0.12 0.12 0.09 0.26 0.34 0.32 0.23 0.49 0.67 0.63 0.45
Sueo Dam 0.08 0.10 0.09 0.06 0.28 0.27 0.25 0.16 0.61 0.53 0.50 0.32

BIAS -0.302 | -0.095 | -0.206 -0.571 0.161 -0.122 -0.790 0.465 -0.097
RMSE 0.699 0.844 0.626 0.896 1.521 0.729 1.422 2.896 0.966

R’ 0911 0.892 0.933 0.983 0.970 0.988 0.988 0.976 0.995

Ak 2H Ay MF 2382 BIAS -0.571, RMSE 0.896,
2775 R? 0.9830.2 2F4 53131 AREA-CN-SAAR =&
BIAS 0.161, RMSE 1.521, 2&715 R ? 097002 A=k
thE3]9)71ur 2 93)A =] 79 BIAS -0.122, RMSE 0.729,
AARAS R? 09882 AFF=SIC) wlebd tE3|97 1wt 2)233)7
REo] BE FAA 71 955 AAE =&t

B4k 2 A3 MF 23S BIAS -0.790, RMSE 1422,
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BIAS 0465, RMSE 2.986, 24714 R * 097602 A4t
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