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Re-Analysis of Clark Model Based on Drainage Structure of Basin

ABSTRACT

This study presents the width function-based Clark model. To this end, rescaled width function with distinction between hillslope and
channel velocity is used as time-area curve and then it is routed through linear storage within the framework of not finite difference
scheme used in original Clark model but analytical expression of linear storage routing. There are three parameters focused in this
study: storage coefficient, hillslope velocity and channel velocity. SCE-UA, one of the popular global optimization methods, is applied
to estimate them. The shapes of resulting [UHs from this study are evaluated in terms of the three statistical moments of hydrologic
response functions: mean, variance and the third moment about the center of TUH. The correlation coefficients to the three statistical
moments simulated in this study against these of observed hydrographs were estimated at 0.995 for the mean, 0.993 for the variance
and 0.983 for the third moment about the center of [UH. The shape of resulting IUHs from this study give rise to satisfactory simulation
results in terms of the mean and variance. But the third moment about the center of IUH tend to be overestimated. Clark model
proposed in this study is superior to the one only taking into account mean and variance of IUH with respect to skewness, peak
discharge and peak time of runoff hydrograph. From this result it is confirmed that the method suggested in this study is useful tool to
reflect the heterogeneity of drainage path and hydrodynamic parameters. The variation of statistical moments of IUH are mainly
influenced by storage coefficient and in turn the effect of channel velocity is greater than the one of hillslope velocity. Therefore storage
coefficient and channel velocity are the crucial factors in shaping the form of ITUH and should be considered carefully to apply Clark
model proposed in this study.
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Fig. 1. Direct Runoff of Clark Model in This Study
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Fig. 2. Target Basin of This Study

Table 1. The Outline of Storm Events

Watershed |  Event Runoffrate | @ (m"/s) ¢, (hr)
2007-07-01 0.53 209.7 5
2009-07-12 0.35 160.6 7

Gidae
2011-07-25 0.47 251.5 5
2011-08-03 0.39 86.2 6
2000-06-26 0.24 284.5 9
2001-06-30 0.23 753 11
Sangye
2004-08-18 0.22 139.0 12
2007-07-10 0.58 226.7 14
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Table 2. Geomorphological Statistics of Each Target Basin
, Channel Hillslope . , . )
Water-shed Area(km) - - - ; Co-variance(1m’) Total variance(m")
Mean(m) Variance(1m) Mean(m) Variance(1m’)
Gidae 354.14 17,104 62,831,300 375 152,181 -339,719 62,258,725
Sangye 48521 30,027 158,953,000 373 148,836 -190,788 158,711,391
3rd moment(m’)
Water-shed 1 & 3 1 & s
Zi:1(LL ~L) ;i;(Lh/th) A B ML)
Gidae 103,755,833,344 122,648,656 -86,362,440 -86,362,240 103,360,307,200
Sangye -713,747,398,656 116,987,856 8,245,073 7,846,858 -713,582,116,864
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Table 3. Estimation of Clark Method Parameters, Dynamic Parameter and Moment by Observed Event and Estimated SCE-UA Optimization

Parameters Moment

Water-shed Event Observation SCE-UA Optimization
it | by |y (mUS) v () My (R)(hr)| Mg(R)(hr®) | M (h) (hr®) | M, (R) (B )| M (R)(hr®) | M(R) (hr®)
2007-07-01 | 6.06 | 598 | 0.243 | 3.067 7.92 32.05 227.66 8.04 37.33 444.66
2009-07-12 | 10.12 | 6.21 | 0.238 | 2911 12.85 106.76 1312.37 12.19 103.04 2070.66
Gidae 2011-07-25 | 836 | 3.62 | 0.459 | 4.057 10.50 82.76 1170.03 9.75 70.13 1166.51
2011-08-03 | 11.25 | 7.07 | 0.214 | 2.459 14.50 133.39 1900.62 13.66 127.41 2844.23
Average 894 | 572 | 0.289 | 3.124 11.44 88.74 1152.67 10.83 80.56 2145.89
2000-06-26 | 8.85 | 9.89 | 0.167 | 2.836 12.11 61.62 583.02 12.41 80.16 1385.24
2001-06-30 | 6.33 | 16.81 | 0.096 | 1.700 12.30 37.20 205.97 12.32 45.40 507.51
Sangye | 2004-08-18 | 15.50 | 821 | 0.245 | 2.676 20.40 271.21 5841.81 19.04 242.14 7448.57
2007-07-10 | 12.90 | 1493 | 0.121 | 1.656 19.75 196.69 4091.00 18.79 171.44 4288.45
Average 10.90 | 12.46 | 0.157 | 2.217 16.14 141.68 2680.45 15.32 121.58 2585.75
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Table 4. The Relative Err.,, RMSE and the Efficiency Coefficient

Q,(m’/s) T, (hr)
Water-shed Event Obs. Sim. | Relative error(%) | Obs. Sim. | Relative error(%) RMSE Efficiency Coefficient
2007-07-01 | 209.7 | 208.1 0.8 5 5 0.0 4.7 0.99
Gidac 2009-07-12 | 160.6 | 151.4 5.7 7 7 0.0 6.9 0.97
2011-07-25 | 251.5 | 241.7 39 5 5 0.0 84 0.98
2011-08-03 | 86.2 74.3 13.8 6 6 0.0 3.8 0.96
2000-06-26 | 284.5 266 6.5 9 9 0.0 11.3 0.98
2001-06-30 | 75.3 67.4 10.5 11 11 0.0 4.1 0.96
Sangye
2004-08-18 | 139.0 | 128.9 7.3 12 12 0.0 5.9 0.97
2007-07-10 | 226.7 | 219.1 34 14 14 0.0 7.3 0.99
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Fig. 10. Comparison of Observed and Verified Runoff Hydrographs
in the Sangye Watershed(2008.07.23)
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Table 5. Estimation of Clark Method Parameters and Dynamic
Parameter by Estimated SCE-UA Optimization ; Constant
u, to Each Watershed

Parameters
SCE-UA optimization
K(hr) | Z(hr) |, (m/s) | u(m/s)
2007-07-01 | 6.07 | 5.43 0.289 2.950
2009-07-12 | 10.13 | 5.54 0.289 2.794

Water-shed Event

Gidae
2011-07-25 | 8.17 4.90 0.289 4.000
2011-08-03 | 11.26 | 5.97 0.289 2.330
2000-06-26 | 8.83 | 10.21 0.157 2.863
2001-06-30 | 6.44 | 13.30 0.157 1.603
Sangye

2004-08-18 | 15.47 | 10.18 0.157 2.876
2007-07-10 | 12.91 | 13.30 0.157 1.603
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