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Abstract

Since the 2000s, ensemble streamflow prediction (ESP) has been actively utilized in South Korea, primarily for hydrological forecasting
purposes. Despite its notable success in hydrological forecasting, the original objective of enhancing water resources system manage-
ment has been relatively overlooked. Consequently, this study aims to demonstrate the utility of ESP in water resources management
by creating a simple hypothetical exercise for dam operators and applying it to actual multi-purpose dams in South Korea. The
hypothetical exercise showed that even when the means of ESP are identical, different costs can result from varying standard deviations.
Subsequently, using sampling stochastic dynamic programming (SSDP) and considering the capacity-inflow ratio (CIR), optimal
release patterns were derived for Soyang Dam (CIR = 1.345) and Chungju Dam (CIR = 0.563) based on types W and P. For this analysis,
Type W was defined with standard deviation equal to the mean inflow, and Type P with standard deviation ten times of the mean inflow.
Simulated operations were conducted from 2020 to 2022 using the derived optimal releases. The results indicate that in the case of Dam
Chungju, more aggressive optimal release patterns were derived under types with smaller standard deviations, and the simulated
operations demonstrated satisfactory outcomes. Similarly, Soyang Dam exhibited similar results in terms of optimal release, but there
was no significant difference in the simulation between types W and P due to its large CIR. Ultimately, this study highlights that even
with the same mean values, the standard deviation of ESP impacts optimal release patterns and outcomes in simulation. Additionally,
it underscores that systems with smaller CIRs are more sensitive to such uncertainties. Based on these findings, there is potential for
improvements in South Korea's current operational practices, which rely solely on single representative values for water resources
management.
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Fig. 2. (a) forecasted inflow and (b) cost function of the simple hypothetical example
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Table 1. Capacity Inflow Ratio (CIR) of multi-purpose dams in Korea
Capacity Annual average Capacity Annual average
Dam (MCM) | inflow (MCM) CIR Dam (MCM) | inflow (MCM) CIR
Seongdeok 279 17.1 1.628 Imha 595.0 652.9 0.911
Gunwi 48.7 35.6 1.367 Bohyeonsan 22.1 25.6 0.862
Soyanggang 2900.0 2156.1 1.345 Miryang 73.6 89.1 0.826
Jangheung 191.0 1485 1286 Boryeong 116.9 144.0 0.812
Seomjingang 466.0 598.0 0.779
Andong 1248.0 984.5 1.268
Daecheong 1490.0 2542.7 0.586
Hapcheon 48.7 35.6 1.185
Juam Control 250.0 4349 0.575
GimcheonBuhang 543 49.3 1.100 Chungju 2750.0 4888.8 0.563
Yongdam 815.0 7518 1.084 Hoengseong 86.9 157.1 0.553
Buan 50.3 47.0 1.070 Juam 457.0 844.8 0.541
Yeongju 181.1 198.0 0.915 Namgang 309.2 23204 0.133
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Table 2. Summary of simulation results for the minimum initial storage of Dam CJ

Type Total Penalty (MCM) Total Releases (MCM) Frequency (%) Duration (%) Magnitude (%)
w 667.086 9,900.0 77.8 13.9 93.4
P 673.129 9,872.5 75.0 16.4 93.3
PERF 649.020 10,065.0 94.4 44.4 93.6
Table 3. Summary of simulation results for the average initial storage of Dam CJ
Type Total Penalty (MCM) Total Releases (MCM) Frequency (%) Duration (%) Magnitude (%)
w 342.576 10,230.0 80.6 18.3 96.6
P 348.619 10,202.5 75.0 23.1 96.6
PERF 324.510 10,395.0 97.2 94.4 96.8
Table 4. Summary of simulation results for the maximum initial storage of Dam CJ
Type Total Penalty (MCM) Total Releases (MCM) Frequency (%) Duration (%) Magnitude (%)
W 336.533 10,257.5 83.3 19.2 96.7
P 348.619 10,202.5 77.8 23.1 96.6
PERF 324.510 10,395.0 97.2 94.4 96.8
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