
Geophysical Research Abstracts
Vol. 19, EGU2017-13436, 2017
EGU General Assembly 2017
© Author(s) 2017. CC Attribution 3.0 License.

Mapping surface temperature variability on a debris-covered glacier with
an unmanned aerial vehicle
Philip Kraaijenbrink (1), Maxime Litt (2), Joseph Shea (3), Désirée Treichler (4), Inka Koch (2), and Walter
Immerzeel (1)
(1) Universiteit Utrecht, Faculty of Geosciences, Physical Geography, Utrecht, Netherlands (p.d.a.kraaijenbrink@uu.nl), (2)
International Center for Integrated Mountain Development, Kathmandu, Nepal, (3) University of Saskatchewan, Saskatoon,
Canada, (4) University of Oslo, Department of Geosciences, Oslo, Norway

Debris-covered glacier tongues cover roughly 12% of the glacier surface area in high mountain Asia and much of
the melt water is generated from those glaciers. Presence of a thin layer of supraglacial debris enhances ice melt by
lowering the albedo, while thicker debris insulates the ice and reduces melt. Data on debris thickness is therefore
an important input for energy balance modelling of these glaciers. Thermal infrared remote sensing can be used to
estimate the debris thickness by using an inverse relation between debris surface temperature and thickness. To date
this has only been performed using coarse spaceborne thermal imagery, which cannot reveal small scale variation
in debris thickness and its influence on the heterogeneous melt found on debris-covered glaciers. We deployed an
unmanned aerial vehicle mounted with a thermal infrared sensor over the debris-covered Lirung Glacier in Nepal
three times in May 2016 to reveal the spatial and temporal variability of surface temperature in high detail. The
UAV survey matched a Landsat 8 overpass to enable comparison with spaceborne thermal imagery. The UAV-
acquired thermal data is processed using Structure from Motion photogrammetry and georeferenced using DGPS-
measured ground control points. Different surface types were distinguished by using data acquired by an additional
optical UAV survey in order to correct for differences in surface emissivity. In situ temperature measurements and
incoming solar radiation data are used to calibrate calculations of surface temperature. Debris thicknesses derived
are validated by thickness measurements performed using a ground penetrating radar. Preliminary analysis reveals
a spatially highly heterogeneous pattern of surface temperature over Lirung Glacier with a range in temperature of
over 40 K. At dawn the debris is relatively cold and its temperature is influenced strongly by the ice underneath.
Exposed to the high solar radiation at the high altitude the debris layer heats up very rapidly as sunrise progresses,
and the influence of ice on debris surface temperature reduces considerably. Many patterns are revealed that cannot
be detected from the coarse Landsat data, both on small spatial and temporal scales. The high detail the UAV-borne
thermal imagery provides in time and space has great potential in the research of debris cover, its characteristics
and its implications.


