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Optimization-Based Estimation of Sediment Supply Conditions based on Bedload Observations
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Quantitative estimation of sediment supply from upstream reaches remains a major challenge in catchment-scale
sediment management. This study examines whether upstream sediment-supply conditions can be inferred from
downstream bedload observations combined with catchment-scale sediment dynamics simulations. A flood event in
the Ashiarai-dani Catchment, central Japan, was analyzed using bedload discharge derived from acoustic pulses
recorded by a Japanese pipe hydrophone and numerical simulations with SIMHiS. A total of 1,000 simulations were
conducted by varying the magnitude and spatiotemporal distribution of sediment supply, and model performance
was evaluated using the Nash—Sutcliffe efficiency (NSE). Conventional bedload-transport formulas reproduced
general temporal trends but severely overestimated bedload discharge (NSE < —18.3). By introducing a model that
accounts for reduced effective shear stress due to immobile grains in complex mountainous channels, NSE values
improved substantially (up to 0.785). Optimal simulations suggested that the total sediment supply was an order of

magnitude larger than the observed sediment runoff and was concentrated near the peak flow. (160 words)
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