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Development of D4PDF Clustering Metrics for Dam Pattern Operation and Operational
Optimization Incorporating Ensemble Prediction Uncertainty
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In recent years, the increasing frequency of heavy rainfall associated with climate change has required dam
operations to implement flexible flood control that accounts for forecast uncertainty. Although ensemble forecasts
explicitly represent uncertainty, their large information volume makes them difficult to use directly for operational
decision-making. In this study, we propose a dam pattern operation, in which operation strategies are designed in
advance according to the characteristics of dam inflows derived from ensemble forecasts. To estimate inflow, we
introduce a high-speed prediction method using deep learning, with a distributed runoff model used as a reference,
thereby achieving computational efficiency suitable for real-time operation. In addition, we propose a new flood
magnitude index, termed NRS inflow, defined based on reservoir storage capacity, and apply clustering based on
inflow magnitude and hydrograph shape combined with uncertainty-aware optimization. Application to past flood

events demonstrates that the proposed approach can reduce peak release while avoiding emergency flood control

operations.
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