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River flow estimation using photogrammetry

for forest evaluation
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Abstract

The decrease in river flow in recent years has been impacting both societal life and ecosystems,
and it is a growing concern. The problems caused by the reduction in river flow are particularly
evident during dry periods with low rainfall, and stabilizing river flow during such dry periods has
become necessary. River flow is influenced by various factors, one of which is forests. Forests
contribute to the regulation of river flow by enhancing water retention, which helps mitigate floods
and ensures a stable flow of water. On the other hand, forests are also known for using large
amounts of water for the life activities of trees, and many studies have confirmed that deforestation
leads to an increase in river flow. Therefore, proper forest management is crucial to maintaining
appropriate river flow.

To manage forests in a way that stabilizes river flow, an evaluation of the relationship between
river flow and forests is required, along with observations of both. Forest observation technologies
have rapidly developed for non-contact measurement, and river flow measurement has similarly
progressed with the development of imaging and laser measurement techniques. However,
applying these methods to small rivers in mountainous areas remains challenging. Therefore, this
study investigates whether a more convenient method for measuring river flow in small
mountainous rivers can be developed by creating three-dimensional models of rivers using a
photogrammetry technique called SfM.

To estimate river flow using SfM, Manning's equation was applied. Manning's equation allows
the calculation of flow velocity based on variables such as hydraulic radius, slope, and Manning's
roughness coefficient. In this study, after reviewing the data, it was determined that using the
average water depth as the hydraulic radius and substituting water surface slope for the slope of
the flow was acceptable. By measuring these variables from the point cloud created by SfM and
applying Manning’s equation, the flow velocity was calculated. Additionally, the cross-sectional
area was measured from the DEM created from the point cloud, and the flow rate was estimated
by multiplying the flow velocity by the cross-sectional area.

The result showed that the estimated flow rate was somewhat underestimated when compared
with the measured values, indicating some error. However, the correlation between the estimated
and measured values was very high 0.993, suggesting that relative values could be obtained with
high accuracy. The sources of error were identified as underestimation of the cross-sectional area
and fluctuations in Manning’s roughness coefficient due to changes in water levels. The
underestimation of the cross-sectional area was caused by changes in the refractive index due to
the water surface, which was corrected using a correction factor. While fluctuations in Manning’s
roughness coefficient due to water level changes were observed, it was found that during the dry
period, the water level remained relatively stable, and Manning’s roughness coefficient also
stabilized. Furthermore, using the standard value of 0.1 m3s still allowed for accurate
measurement of relative river flow, and the changes in river flow were captured with high precision.

Therefore, this research method, which can capture changes in flow in small mountainous rivers,
was evaluated for its simplicity by comparing it with field measurements using a portable flow
meter. The results showed that the measurement time using this research method was reduced by
half compared to field measurements with a portable flow meter, and the measurement equipment
was also significantly lighter. For evaluating the relationship between forest characteristics and
river flow in specific regions, multiple measurements at different locations in small mountainous
rivers are necessary. Thus, reducing measurement time and equipment weight is crucial. This
research method, which can capture changes in river flow with relatively high accuracy in a more
convenient way, appears to be a suitable approach for flow measurement in small mountainous
rivers.
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