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The effect of forest density on river discharge

in the Fujigatani Basin
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Abstract

The decline in river flow has been identified as a problem affecting both society and ecosystems.
Its impact is particularly pronounced during dry seasons with low precipitation. Consequently,
stabilizing river flow during dry seasons has become a major challenge. While river flow is
influenced by various factors such as precipitation and topography, forests significantly impact
the runoff process through their water conservation functions and evapotranspiration. While
forests contribute to flood mitigation and stable flow supply, trees consume large amounts of
water through their life processes, and increased river flow following logging has been reported.
Therefore, to appropriately maintain river flow, it is essential to quantitatively understand the
relationship between land cover and river runoff.

This study aimed to assess the relationship between river runoff and forest structure and
topography in the Fujigatani watershed using satellite remote sensing data. Forest structure was
evaluated at the watershed level using a tree height map derived from the difference between a
Digital Surface Model (DSM) created from satellite imagery and the Geospatial Information
Authority of Japan's Digital Elevation Model (DEM). For river flow, observations were made
using flow meters on small-scale rivers in mountainous areas, and flow rates were calculated using
the segmented area method. Furthermore, graphs overlaying the temporal changes in
precipitation and river water levels were created to analyze the basin's response characteristics to
rainfall. The results confirmed that the magnitude and onset speed of water level rise after
precipitation varied between watersheds, indicating that differences in forest structure and
topographic conditions influence the runoff process. Furthermore, while the calculated river
specific discharge was examined individually in relation to each watershed element, no strong
correlation was observed for any element. This indicates that the runoff characteristics of a
watershed cannot be adequately evaluated using a single indicator; they are shaped by the
interaction of multiple factors, including topographic conditions and forest structure.
Furthermore, an indicator combining ground surface slope, stand density, and average tree height
was created and examined in relation to flow rate. The results suggested that the specific flow
rates between watersheds, which were difficult to explain using a single factor alone, could
potentially be explained by considering multiple topographic and forest structure elements.
Specifically, in watersheds with high tree density and average tree height, a tendency toward

suppressed specific discharge was observed even when watershed area and slope were similar,
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suggesting that forest structure plays a significant role in runoff characteristics during dry
seasons.

These findings indicate that forest structure may influence river runoff characteristics during
dry seasons. The methodology employed in this study, utilizing satellite remote sensing to
provide extensive and homogeneous data, is well-suited for comparing small watersheds.
Furthermore, compared to conventional evaluations based on forest cover rate or vegetation
indices, this approach utilizes three-dimensional forest structure information such as tree height
and tree density. satellite remote sensing to utilize extensive and homogeneous data, making it
suitable for comparisons between small-scale watersheds. It also differs from conventional
evaluations based on forest cover rate or vegetation indices by using three-dimensional forest
structure information such as tree height and stand density to quantitatively examine the
relationship with river flow during the dry season in small-scale watersheds. Future applications
are anticipated in forest management policy discussions and watershed-level water resource

management.
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