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ABSTRACT

Variability in precipitation due to climate change causes difficulties in securing stable surface water resource, which
requires understanding of relation between precipitation and stream discharge. This study simulated stream discharge in a
small mountainous forested catchment using antecedent precipitation index (API) models which represent variability of
saturation conditions of soil layers depending on rainfall events. During 13 months from May 2015 to May 2016, stream
discharge and rainfall were measured at the outlet and in the central part of the watershed, respectively. Several API
models with average recession coefficients were applied to predict stream discharge using measured rainfall, which
resulted in the best reflection time for API model was 1 day in terms of predictability of stream discharge. This indicates
that soil water in riparian zones has fast response to rainfall events and its storage is relatively small. The model can be
improved by employing seasonal recession coefficients which can consider seasonal fluctuation of hydrological
parameters. These results showed API models can be useful to evaluate variability of streamflow in ungauged small
forested watersheds in that stream discharge can be simulated using only rainfall data.
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Fig. 2. Location of Donghak mountainous forested catchment
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Table 1. Properties of selected rainfall-runoff events”
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Date (yyyy-mm-dd) Rainfall (mm) Duration (h)

Direct runoff (mm)

Baseflow (mm) Runoff coeftficient

2015-03-31 10 28
2015-04-02 49 10
2015-04-04 27.6 45
2015-04-13 14.2 18
2015-04-18 352 42
2015-04-28 21 14
2015-05-03 8.4 14
2015-05-11 42 13
2015-06-14 9.2 8
2015-06-17 19.2 9
2015-06-20 244 19
2015-06-25 81.2 29
2015-07-07 62.8 61
2015-07-11 56.2 48
2015-07-21 20 8
2015-07-21 42.6 12
2015-07-23 39 12
2015-07-23 46.2 26
2015-07-29 352 8
2015-08-08 34.4

2015-08-20 10.4 19
2015-08-25 24.6 20
2015-08-27 10.2 10
2015-09-11 17.6 15
2015-09-12 14.4 6
2015-10-01 66.6 17
2015-10-10 242 11
2015-10-27 29.8 10
2015-11-06 66.8 57
2015-11-13 334 33
2015-11-16 29.2 18
2015-11-22 12.2 15
2015-11-24 19.8 24
2015-12-02 16.8 8
2015-12-10 122 14
2015-12-14 132 21
2016-02-11 482 44
2016-02-26 9 22
2016-03-04 26.8 20

0.67 2.41 0.07
5.25 19.16 0.11
7.38 29.6 0.27
0.59 1.99 0.04
5.79 22.82 0.16
1.49 5.65 0.07
221 8.68 0.26
7.04 28.1 0.17
0.19 0.7 0.02
0.43 1.56 0.02
0.65 2.55 0.03
6.92 27.51 0.09
2.57 9.68 0.04
11.62 46.42 0.21
0.1 0.31 0.01
3.05 10.65 0.07
5.72 16.32 0.15
14.7 66.46 0.32
5.6 224 0.16
1.4 5.64 0.04
0.15 0.59 0.01
0.21 0.8 0.01
0.38 1.54 0.04
0.04 0.16 0.00
0.23 0.91 0.02
1.25 498 0.02
0.72 2.89 0.03
1.06 421 0.04
3.46 13.77 0.05
29 11.49 0.09
4.63 18.59 0.16
0.57 224 0.05
3.44 1391 0.17
2.7 10.88 0.16
1.07 4.25 0.09
1.81 7.27 0.14
3.87 15.32 0.08
0.35 1.38 0.04
3.95 15.7 0.15

1) Rainfall and streamflow including stormflow and baseflow are cumulative amounts during each rainfall event.
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Table 2. Coefficients of determination, NSE and RMSE between stream discharge measurements and those predicted by regression

equations with various APIY

API(0.5) API(1) API(2) API(3) API(4) API(5) API(6) API(7)
R? 0.534 0.626 0.541 0.435 0.422 0.398 0.366 0.353
NSE 0.524 0.598 0.453 0.354 0.350 0.322 0.287 0.264
RMSE 0.141 0.130 0.152 0.165 0.166 0.169 0.174 0.177
1) The numbers in parentheses represent duration of days considered for antecedent precipitation
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Fig. 4. Observed stream discharges compared with those predicted by the optimized antecedent precipitation index model.
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Fig. 5. Comparison of observed peak discharges and those
predicted by the optimized antecedent precipitation index model.
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