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Abstract

This paper presents the methodology for construction of time—area curve via the width function and thereby
rational estimation of time of concentration and storage coefficient of Clark model within the framework of
method of moments. To this end time-area curve is built by rescaling the grid-based width function under
the assumption of pure translation and then the analytical expressions for two parameters of Clark model are
proposed in terms of method of moments. The methodology in this study based on the analytical expressions
mentioned before is compared with both (1) the traditional optimization method of Clark model provided by
HEC-1 in which the symmetric time—area curve is used and the difference between observed and simulated
hydrographs is minimized (2) and the same optimization method but replacing time-area curve with rescaled
width function in respect of peak discharge and time to peak of simulated direct runoff hydrographs and their
efficiency coefficient relative to the observed ones. The following points are worth of emphasizing: (1) The
optimization method by HEC-1 with rescaled width function among others results in the parameters well
reflecting the observed runoff hydrograph with respect to peak discharge coordinates and coefficient of
efficiency; (2) For the better application of Clark model it is recommended to use the time-area curve capable
of accounting for irregular drainage structure of a river basin such as rescaled width function instead of
symmetric time-area curve by HEC-1; (3) Moment-based methodology with rescaled width function developed
in this study also gives rise to satisfactory simulation results in terms of peak discharge coordinates and
coefficient of efficiency. Especially the mean velocities estimated from this method, characterizing the translation
effect of time—area curve, are well consistent with the field surveying results for the points of interest in this
study; (4) It is confirmed that the moment-based methodology could be an effective tool for quantitative
assessment of translation and storage effects of natural river basin; (5) The runoff hydrographs simulated by
the moment-based methodology tend to be more right skewed relative to the observed ones and have lower
peaks. It is inferred that this is due to consideration of only one mean velocity in the parameter estimation.
Further research is required to combine the hydrodynamic heterogeneity between hillslope and channel
network into the construction of time-area curve.
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Table 1. The Outline of Storm Events and Estimation of Storm Events Parameters
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1

4o

Watershed Event Runoff rate Q,(m?/s) t,(hr) Tinc Varogs
(1) 2000-07-23 0.32 87.2 15 10.99 50.09
(2) 2003-07-25 0.70 36.6 5 7.24 29.13
Tanbu
(3) 2004-07-16 0.28 92.0 6 5.01 11.57
(4) 2009-07-21 0.75 116.7 7 9.28 30.99
(5) 2000-07-30 0.24 67.1 15 20.00 181.03
(6) 2001-06-24 0.25 43.7 7 14.29 111.45
(7) 2007-06-24 0.29 454 10 14.94 139.23
Gidae (8) 2007-07-01 0.51 209.7 5 7.92 32.05
(9) 2009-07-12 0.35 160.6 7 12.85 106.76
(10) 2011-07-25 0.47 251.5 5 10.50 82.76
(11) 2011-08-03 0.39 86.2 6 14.50 133.39
(12) 2000-06-26 0.24 284.5 9 12.11 61.62
(13) 2001-06-30 0.23 75.3 11 12.30 37.20
(14) 2004-08-18 0.20 139.0 12 20.40 271.21
Sangye
(15) 2007-07-10 0.55 226.7 14 19.75 196.69
(16) 2007-07-19 0.37 49.8 9 17.90 114.70
(17) 2008-07-23 0.50 219.4 8 17.35 148.73
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Table 3. Estimation of Clark Method Parameters and Dynamic Parameter

Parameter
Water Event HEC-1 optimization Width function optimization This study
~shed R | T, | R o u R | T | 1
(hr) (hr) (m/s) (hr) (hr) (m/s) (hr) (hr) (m/s)
2000-07-23 239 | 1588 0.38 2.69 13.77 0.44 6.73 7.79 0.78
Tanbu 2003-07-25 4.66 4.04 1.50 4.65 3.54 1.71 5.30 3.55 1.71
2004-07-16 3.26 3.59 1.69 3.15 3.33 1.82 3.28 3.16 1.92
2009-07-21 4.19 8.42 0.72 4.59 6.86 0.88 5.14 7.58 0.80
2000-07-30 | 1357 | 12.15 0.85 13.64 13.18 0.79 13.09 14.78 0.70
2001-06-24 | 11.93 6.32 1.64 11.96 6.89 1.51 10.41 8.28 1.25
2007-06-24 | 12.37 6.18 1.68 12.40 6.75 1.54 11.71 6.91 1.50
Gidae | 2007-07-01 5.55 3.95 2.63 5.56 4.31 241 5.56 5.04 2.06
2009-07-12 9.59 3.99 2.60 9.65 4.21 247 10.27 552 1.88
2011-07-25 8.11 2.46 4.22 8.08 279 3.72 9.07 3.04 3.41
2011-08-03 | 10.51 442 2.35 10.49 5.01 2.07 11.47 6.48 1.60
2000-06-26 8.38 6.63 2.36 8.51 6.31 2.48 7.63 8.31 1.89
2001-06-30 556 | 11.37 1.38 5.88 10.64 1.47 5.38 12.83 1.22
Sangye 2004-08-18 | 13.05 7.34 2.14 13.23 7.00 2.24 16.38 7.45 2.10
2007-07-10 | 11.14 | 11.64 1.35 11.56 10.90 1.44 13.81 11.02 1.42
2007-07-19 | 10.68 | 13.66 1.15 11.60 12.35 1.27 10.23 14.24 1.10
2008-07-23 | 11.96 8.08 1.94 12.15 7.79 2.01 11.99 9.95 1.58
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Fig. 5. Comparison of Storage Coefficients Estimated
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Table 4. Comparison between and Observed Data and Calculated Results

Water Event Q, (m?/s) 7, (hr)

~shed Obs. 8] 2 3) Obs. ) 2) 3)
2000-07-23 87.2 82.0 90.0 77.0 15 14 15 10

Tanbu 2003-07-25 36.6 36.0 36.0 33.0
2004-07-16 92.0 91.0 94.0 93.0
2009-07-21 116.7 108.0 112.0 100.0 8 8 9
2000-07-30 67.1 63.0 63.0 63.0 15 14 14 15
2001-06-24 43.7 46.0 46.0 49.0 7 7 8 8
2007-06-24 454 46.0 46.0 48.0 10 9 9 9

Gidae 2007-07-01 209.7 211.0 210.0 202.0 5 5 5 6
2009-07-12 160.6 154.0 154.0 141.0 7 7 7 8
2011-07-25 2515 245.0 246.0 225.0 5 4 4 5
2011-08-03 86.2 78.0 77.0 69.0 6 6 6 7
2000-06-26 284.5 262.0 270.0 271.0 9 9 9 10
2001-06-30 7.3 63.0 69.0 66.0 11 11 11 13
2004-08-18 139.0 131.0 133.0 112.0 12 12 12 12

Sangye
2007-07-10 226.7 214.0 221.0 196.0 14 15 15 15
2007-07-19 49.8 50.0 53.0 55.0 12 11 12
2008-07-23 2194 195.0 200.0 192.0 9 9 10

Table 5. The Relative Err., RMSE and the Efficiency Coefficient
Zit:; Event Qp (%) TP (%) RMSE (E):(fzfcfllirll:ri
(1) (2) (3) (1) (2) (3) (1) (2) (3) (1) (2) (3)

2000-07-23 6.0 3.2 | 11.7 6.7 0.0 | 333 5.3 55 81 | 096 | 0.96 | 0.91

Tanbu 2003-07-25 1.6 1.6 9.8 0.0 0.0 0.0 14 14 15| 098 | 098 | 097
2004-07-16 1.1 2.2 1.1 0.0 0.0 0.0 34 3.6 38 | 099 | 0.98 | 0.98
2009-07-21 7.5 40 | 143 | 143 | 143 | 286 6.8 7.8 91 | 096 | 0.95 | 0.93
2000-07-30 6.1 6.1 6.1 6.7 6.7 0.0 2.0 2.0 271099 | 099 | 098
2001-06-24 5.3 53 | 121 00 | 143 | 143 0.8 0.8 1.9 | 1.00 | 1.00 | 0.98
2007-06-24 1.3 1.3 57 | 100 | 10.0 | 10.0 1.7 1.7 1.8 | 098 | 098 | 098

Gidae 2007-07-01 0.6 0.1 3.7 0.0 0.0 | 20.0 5.8 54 82 | 099 | 099 | 0.98
2009-07-12 4.1 4.1 | 122 0.0 00 | 143 7.8 77 | 105 | 096 | 096 | 0.94
2011-07-25 2.6 2.2 1105 | 20.0 | 20.0 00 | 103 | 101 | 108 | 098 | 098 | 097
2011-08-03 95 | 10.7 | 20.0 0.0 00 | 16.7 4.5 4.5 6.0 | 095 | 095 | 0.91
2000-06-26 79 5.1 4.7 0.0 00 | 11.1 | 162 | 135 | 21.7 | 096 | 097 | 0.93
2001-06-30 | 16.3 84 | 124 0.0 00 | 182 7.0 5.1 71 | 090 | 094 | 0.89

Sangye 2004-08-18 5.8 43 | 194 0.0 0.0 0.0 6.4 6.0 78 | 097 | 097 | 0.95
2007-07-10 5.6 25 | 135 7.1 7.1 7.1 | 106 83 | 101 | 0.97 | 0.98 | 0.97
2007-07-19 04 6.4 | 104 | 333 | 222 | 33.3 3.3 3.1 37 1 09 | 096 | 094
2008-07-23 | 11.1 88 | 125 | 125 | 125 | 25.0 | 11.1 78 | 151 | 096 | 098 | 0.93
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