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Glaciers in High Mountain Asia are valuable indicator of climate change, and its melt water have an
important role for the regional water resources (e.g. Immerzeel et al., 2010). We thus need to estimate
Himalayan glacier melting amount. However, the lower part of large Himalayan glaciers is generally
covered with debris mantle, which makes the melting process complicated. Several previous works
pointed out a role of ice cliffs that promote local enhancement of the ice melting (e.g. Brun et al., 2018).
In previous studies, digital elevation models (DEMs) based on satellite imageries have been analyzed to
estimate glacier mass change. However, it is difficult to extract ice cliffs due to their low resolution.
Recently, Structure from Motion (SfM), image analysis technology, has been dramatically developed. This
method enables to obtain high resolution glacial terrain data and identify the small features on glacier
surface such as ice cliffs.
In this study, we generated high resolution DEMs and orthomosaic images from aerial photographs taken
at three different times at the Trakarding glacier, Rolwaling region, Nepal Himalaya in order to evaluate
area and aspect of ice cliffs, and analyzed the relation between cliff distribution and glacier surface
elevation change. We carried out field observations and conducted aerial photogrammetry by fixed wing
UAV in 2017 and helicopter in 2018 at the entire debris-covered area (3.1 km2). We also analyzed
photographs taken in 2007, and then created high resolution (0.2~2.0 m/pix) DEMs and orthomosaic
images, from which about 500 ice cliffs were extracted.
DEMs shows that the surface elevation of the Trakarding Glacier declined between 2007 and 2017 by
-1.65 m w.e. yr-1 while it lifted up between 2017 and 2018 by +1.25 m w.e. yr-1. We find that the surface
elevation changes are spatially heterogeneous. The more significant surface lowering happens, the higher
cliff density is observed, suggesting that the ice cliff locally enhances glacier melting. In addition, the ice
cliff length density was 7.9× 10-3 m m-2 in 2017, which remarks the highest density comparing to a
previous study in the Khumbu region (Watson et al., 2017). Further, we find significant correlation
between ice cliff length and its slope area, which means that it is possible to estimate the slope area of
cliff from the cliff length, which can be obtained from satellite images.
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