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Abstract

A hydrological grey model is developed to forecast short-term river runoff from the Naju watershed
located at upstream of the Youngsan estuary dam in Korea. The runoff of the Naju watershed is
measured in real time at the Naju streamflow gauge station, which is a key station for forecasting
the upstream inflow and operating the gates of the estuary dam in flood period. The model’s
governing equation is formulated on the basis of the grey system theory. The model parameters are
reparameterized in combination with the grey system parameters and estimated with the
annealing-simplex method in conjunction with an objective function, HMLE. To forecast accurately
runoff, the fifth order differential equation was adopted as the governing equation of the model in
consideration of the statistic values between the observed and forecast runoff. In calibration, RMSE
values between the observed and simulated runoff of two and six hours ahead using the model range
from 3.1 to 2905 mg/s, R? values range from 0.909 to 0.999. In verification, RMSE values range from
26.4 to 1474 m’/s, R? values range from 0.940 to 0.998, compared to the observed data. In forecasting
runoff in real time, the relative error values with lead—time and river stage range from -23.4 to 14.3
% and increase as the lead time increases. The results in this study demonstrate that the proposed
model can reasonably and efficiently forecast runoff for one to six hours ahead.

keywords : Hydrological grey Model, Annealing-simplex method, Real-time flood forecasting, Flood
management of estuary dam
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Fig. 1. Location map of Naju watershed and gauge stations
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NA 930928

28 September, 1998 280
NA 990701 1 June ,1999 88
NA 990919 19 September, 1999 319
NA 010711 11 June , 2001 226
NA 010914 14 September, 2001 108
NA 000714 14 June, 2000 206
NA 000816 16 August , 2000 551

Table 1. Storm events selected in this study for model calibration and validation
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Table 2. Statistic values between observed and forecast runoff varying with order of governing equation
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Table 3. Statistical results between observed and forecast runoff for one to six hours of lead-time in
calibration

ST980928
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Fig. 3. Hydrographs of observed and forecast runoff for three and six hours of lead—time at Naju
streamflow gauge station in calibration

Table 4. Statistical values between observed and forecast runoff for two to six hours of lead-time in
validation

ST000714 28.1 0.998 81.4 0.982 147.4 0.940

ST000816 20.6 0.997 479 0.985 5.7 0.962
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Fig. 4. Hydrographs of observed and forecast runoff for three and six hours of lead-time at Naju
streamflow gauge station in validation

Table 5. Comparison of peak flow of observed and forecast runoff with lead-time in validation

ST000714 93318 | 2.3492 075 ~0.60 29815 215
STO00816 1,924.0 1.955.4 163 0.90 1.893.4 159
38K H12%F 20054 124 1069
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Fig. 5. Comparison of observed and forecast runoff for one and six hours of lead-time with runoff
stages such as rising, peak, and falling

Table 6. Relative error between observed and simulated values with lead-time in forecasting runoff in
real time

1 1.0 :

2 -1.7 -0.8 11

3 4.1 -1.6 36

4 -10.7 -2.0 6.6

5 -16.5 -2.0 10.2
6 -234 -1.2 14.3

* . rising stage, " peak stage, ™ falling stage
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