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Abstract:

The Crater Glacier on Mount St. Helens is rare compared to most glaciers in the coterminous
United States in that it is advancing — at a rate approximately 10 cm per day (USGS, 2013). The
May 1980 eruption of Mount St. Helens created a deep, north facing crater and consequently
provides a perfect environment for this glacier to grow. Yearly measurement and mapping
campaigns of the terminus of Crater Glacier are carried out by the USGS (Walder et al, 2009).
This study presents a flexible, cost-effective and accurate method for measuring crater glaciers
growth as an alternative to aerial lidar or ground GPS surveys. A UAV-based photo acquisition
and 3D image reconstruction methodology was used to create 3D models of the glacier
terminus. On October 11th, 2016, 237 photos were acquired using a quadcopter platform and
GoPro HERO 3 camera. Photos were processed using a Structure from Motion workflow with
Pix4D software. An accuracy assessment of the models, using 11 GPS validation points, shows
that the most accurate model yielded a RMSE of 0.37 meters at 0.1-meter pixel size.
Furthermore, glacier and topographical change was analyzed by comparing the new DEMs to a
lidar derived DEM from 2009. This change detection showed the glacier at its terminus has a
max depth of 60 meters. In future studies an improved ground control methodology could be
used to increase the accuracy and number of both control and test points. Additionally, a time
series of 3D models could allow observation of topographic change of glacier movement
between summer seasons.
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First video courtesy of USGS (2013); Second courtesy of USGS (2012)
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FINAL MODEL



oreferencing of the 3D models.

ErrorX[m] RMSEX[m] ErrorY[m] RMSEY|[m] ErrorZ[m] RMSE Z|m]

DEM2 -0.0071 0.0491 -0.0051 0.0528 0.0043 0.0523
DEM3 -0.0071 0.0491 -0.0051 0.0528 0.0043 0.0523
DEM4 -0.0087 0.0503 -0.0068 0.0532 0.0043 0.0524

Is using 11 validation points.

Mean Error [m]  Absolute Error [m] RMSE [m] R2

DEM 2 -0.244802333 0.266644167 0.37489154 0.9991
-0.257520667 0.2779685 0.383512494 0.9991
-0.257520667 0.2779685 0.383512494 0.9991
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