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Development of remote sensing of hydro-environmental attributes using airborne topo-bathymetric
LiDAR and their application to hydraulic modeling for river management tasks
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Background and purposes: In recent years, severe and record-breaking flood disasters have increasingly threatened
human lives worldwide, owing in part to global warming. Consequently, accurate data collection of fluvial environments,
such as topo-bathymetry, river flows, and vegetation characteristics, is required for river management tasks, addressing
issues such as flood risk and ecosystem management. Although several new remote sensing technologies have been
demonstrated over the last few decades, they are still in development stages, and each has unique benefits and challenges.
Therefore, their applicability must be validated and improved considering the uncertainties associated with varying field
conditions. Furthermore, recent flooding events worldwide highlight the importance of detailed flood flow modeling that
incorporates actual complicated flow regimes under real land cover used for preventing devastation through proper river
engineering measures. Finally, in my PhD study, in addition to introducing a 3-D flood flow model, I evaluated novel
approaches to the newly emerging remotely sensed green LiDAR system (GLS) and imaging velocimetry for river
management measures.

Key Findings: (1) Using seasonal GLS datasets acquired before and after recent flooding, I spatially mapped and
compared riverbed deformation to respective field measures and high-resolution aerial images; (2) Positional
displacement and severely damaged parts of a river submerged structure with its surrounding area were also confirmed,
which is expected to be useful for ongoing river engineering maintenance tasks; (3) In addition to proposing methods for
estimating accurate vegetation heights and recommending riparian vegetation growth rates, I evaluated a new approach
to classify land covers with proper validation based on multi-seasonal GLS-processed attributes; (4) My study is also the
first of a scientific platform that compares finer mesh-based depth-averaged flow model estimates to an entirely non-
contact methodology with novel GLS and deep learning-based imaging velocimetry approaches for remote analysis of
on-site hydraulic quantities; (5) I also introduced and evaluated a fully 3-D river flood simulation model with reach-scale
turbulence parameterization using information related to topography, land cover, and vegetation distribution from
seamless airborne point cloud data; and (6) I finally predicted the flood flow response (taking into account both major
and minor recent flooding events) to the distributed vegetation conditions around the historic diversion weir in the lower

Asahi River, Okayama Prefecture, Japan.
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