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A Study on Proper Number of Subbasin Division for Runoff
Analysis Using Clark and ModClark Methodsdd in Midsize Basins

ABSTRACT : In this study, flood runoff characteristics is analyzed according to subbasin divisions by physically based
rainfall-runoff model and appropriate number of subbasin divisions is suggested for midsize test basins. The Clark method, a
lumped model in HEC-HMS, and the ModClark method, a semi-distributed model are used to simulate rainfall-runoff processes
on Andong-reservoir basin, Imha-reservoir basin, and Pyeongchang river basin. The test basins were divided into nine
subdivision cases by equal-area subdivision method such as single basin, 3, 5, 6, 7, 9, 10, 12, and 15 subbasins, and compared
the simulated and observed values in terms of the peak flow and the peak time. The simulation results indicated that the peak
flows tended to increase and the peak time shifted earlier as the number of subdivisions increased and this tendency weakened
after the certain number of subdivisions. In this research, the specific number of subdivision was defined as the minimum number
of subdivision considering both peak flow and peak time. Consequently, the minimum number of subdivisions is determined as
5 for Andong and Imha reservoir basins and 7 for Pyeongchang river basin.
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Table 1. Computation methods of Clark and ModClark methods
Computation Method Clark Method ModClark Method
Rainfall Method Thiessen aver. IDW(1 kmx1 km)
Loss Method NRCS CN NRCS CN(1 kmx1 km)
Transform Method Clark unit hydrograph ModClark
Base flow Method Constant monthly Constant monthly
Stream routing Method Muskingum Muskingum
Time of concentration Kraven( 1) Kraven(1I')
Storage constant Sabol Sabol

Table 2. Rainfall characteristics of test basins

Test basins Raifall num. | Rainfall date Rainfall duration Total depth Maximum depth per 1 hour AMC condition
(hr) (mm) (mm/hr)
AD-R1 2007-09-01 96 88.3 8.3 AMC(II)
AD-R2 2008-07-24 71 171.2 19.8 AMC(IIT)
A -
ndong- AD-R3 2009-07-08 83 833 23.0 AMC(TT)
reservoir basin
AD-R4 2010-09-10 95 94.5 17.3 AMC(II)
AD-R5 2011-06-23 132 289.6 14.2 AMC(II)
IH-R1 2007-08-27 216 224.2 8.1 AMC(1)
IH-R2 2008-07-24 79 86.5 25.0 AMC(1)
{mha- IH-R3 2009-07-14 62 515 294 AMC(IIT)
reservoir basin
IH-R4 2009-07-20 76 75.0 22.6 AMC(II)
IH-R5 2011-06-23 121 170.2 16.8 AMC(1I)
PC-R1 2007-09-14 66 137.9 20.3 AMC(II)
PC-R2 2009-07-08 83 122.5 27.0 AMC(1I)
h:
Pyeoung chang |, o3 2010-09-20 135 154.0 19.6 AMC(II)
river basin
PC-R4 2011-07-26 192 179.5 20.2 AMC(II)
PC-R5 2011-08-15 240 149.7 16.5 AMC(II)
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Table 3. Topographic characteristics of test basins

Test basin Area | Flow length | Form 7 K

(km?) (km) factor | (hr) (hr)

Andong- | o005 | 1499 | 0075 | 19.83 | 1358
reservoir basin
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reservoir basin
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river basin
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Table 4. Peak-flow errors according to subbasin divisions of Andong-reservoir basin

. Number of Subdivision
Watershed Metric Selected
1 3 5 6 7 9 10 12 15
Clark MRE 39.8% 19.0% 15.6% 15.0% 15.5% 14.8% 12.3% 12.6% 11.9% 15
ar
RRMSE 41.6% 20.8% 17.4% 17.5% 18.1% 17.8% 17.0% 16.3% 18.3% 12
ModClark MRE 36.9% 10.7% 11.6% 11.9% 11.8% 12.1% 13.1% 13.4% 14.4% 3
odClarl
RRMSE 37.7% 14.8% 13.0% 13.1% 13.6% 14.0% 15.3% 15.0% 17.2% 5
CAE —e— Clark £ —— Clark
é M%E -=-8--- ModClark g o - - = ModClark
= =
2 g
3 &
:
5 5% =
% 0% T T T T T T T T T T T T T 1 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Humber of Subdivisions Humber of Subdivisions
Fig. 9. Peak-flow errors according to subbasin divisions of Andong-reservoir basin
Table 5. Peak-time errors according to subbasin divisions of Andong-reservoir basin
. Number of Subdivision
Watershed Metric Selected
1 3 5 6 7 9 10 12 15
Clark MFE 08:46 02:48 02:04 02:12 02:08 01:42 01:26 01:10 01:06 15
ar
RMSE 09:42 05:07 04:40 04:32 04:07 04:13 04:30 04:20 04:03 15
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Fig. 11. Simulated hydrographs according to subdivisions of Imha-reservoir basin
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Table 6. Peak-flow errors according to subbasin divisions of Imha-reservoir basin

. Number of Subdivision
Watershed Metric Selected
1 3 5 6 7 9 10 12 15
Clark MRE 38.0% 15.8% 13.0% 20.3% 15.2% 24.3% 24.6% 30.6% 35.9% 5
ar]
RRMSE 38.4% 18.1% 17.6% 23.4% 19.2% 27.6% 28.0% 34.8% 41.3% 5
ModClark MRE 19.1% 15.5% 16.0% 24.8% 17.1% 29.1% 29.4% 35.0% 43.6% 3
odClar
RRMSE 24.2% 16.9% 20.2% 30.0% 21.1% 35.0% 36.3% 42.5% 53.5% 3
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Fig. 12. Peak-flow errors according to subbasin divisions of Imha-reservoir basin

Table 7. Peak-time errors according to subbasin divisions of Imha-reservoir basin

Number of Subdivision
Watershed Metric Selected
1 3 5 6 7 9 10 12 15
Clark MFE 13:22 11:34 01:52 00:46 01:20 00:48 00:48 00:32 00:10 15
ar]
RMSE 21:46 21:20 02:19 01:34 01:54 01:34 01:34 01:25 01:19 15
MFE 01:36 02:46 01:36 00:34 01:20 00:38 00:30 00:14 -00:10 15
ModClark
RMSE 01:57 03:02 01:56 01:09 01:46 01:12 01:06 01:07 01:09 10
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Fig. 13. Peak-time errors according to subbasin divisions of Imha-reservoir basin
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Fig. 14. Simulated hydrographs according to subdivisions of Pyeoungchang river basin
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Table 8. Peak-flow errors according to subbasin divisions of Pyeongchang river basin

Number of Subdivision
Watershed Metric Selected
1 3 5 6 7 9 10 12 15
ark MRE 62.5% 37.8% 26.0% 14.1% 9.6% 9.7% 10.3% 14.9% 9.3% 15
Clarl
RRMSE 63.3% 39.1% 28.3% 15.6% 11.4% 12.4% 12.0% 19.2% 12.8% 7
MRE 61.6% 37.7% 20.6% 10.9% 13.3% 17.8% 15.0% 18.0% 17.5% 6
ModClark
RRMSE 62.3% 38.9% 24.9% 13.2% 14.5% 20.4% 16.2% 21.0% 19.7% 6
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Fig. 15. Peak-flow errors according to subbasin divisions of Pyeongchang river basin
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Table 9. Peak-time errors according to subbasin divisions of Pyeongchang river basin

Number of Subdivision
Watershed Metric Selected
1 3 5 6 7 9 10 12 15
Clark MFE 11:14 07:14 02:10 01:56 00:34 -00:30 -00:08 -00:06 -00:50 12
ar|

RMSE 12:59 09:51 03:19 02:47 01:46 01:41 01:50 02:00 02:00 9
MFE 11:16 06:56 00:20 00:08 -00:46 -01:30 -02:04 -01:56 -03:14

ModClark
RMSE 12:54 09:30 01:41 00:42 01:12 01:55 02:28 02:20 03:28
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Fig. 16. Peak-time errors according to subbasin divisions of Pyeongchang river basin
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