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Means for assessing the contribution of the terminal moraine into the water budget of an Arctic glacier is
investigated: on the one hand the terminal moraine represents a significant fraction (22%)of the catchment
area of the glacier under investigation — Austre Lovenbreen, in the Brogger peninsula, Spitsbergen — and
on the other hand icings formation (or aufeis) each winter illustrates the contribution of subglacial water
flow. While over the glacier, with a smooth surface readily interpolated, the winter and summer mass
balances are assessed with only a few sparsely distributed stakes, such an approach is not valid with the
rough topography of the glacier moraine: high spatial resolution elevation models at different seasons are
needed to estimate the volume of ice and snow accumulated during winter in this part of the catchment
basin and released in rivers during the melting season. Even if located at only 6 km from the Ny-Alesund
meteorological station, the moraine of Austre Lovenbreen catchment, can collect snow whose amount
may differ from that given by station, due to drift snow and elevation-amount gradient, spatially and tem-
porally variable, Surveying the terminal moraine by remote sensing methods is helpful for better quantify-
ing the snow cover in proglacial moraine.

Figure 1: Oblique view of the study area and comparison of September (left) and April (vight) stream channel result-
ing from subglacial outflow (Austre Lovenbreen,).

LiDAR - and in our case its terrestrial implementation — is currently the reference system for Digital
Elevation Model generation: this highly specialized instrument provides utmost resolution with the draw-
back, when considering extended terminal moraine areas, of excessive shadows avoided by bringing the
instrument to elevated measurement positions, a feat not necessarily achievable in given weather condi-
tions or geographic settings. We consider the complementary use of commercial, off The Shelf (COTS)



DJI Phantom3 Professional Unmanned Aerial Vehicle (UAV) for aerial photography acquisition, com-
bined with Structure from Motion (SfM — using dedicated software as MicMac, IGN, Agisoft Photoscan
and QGis) analysis, for DEM computation: DEM differences between datasets acquired in April (snow
cover maximum and icings volume maximum) and September (snow cover minimum) yield a volume
difference attributed either to snow cover or icings formation. Repeated measurements over a short period
and moraine regions whose topography is known to be stable hint at an elevation resolution in the decime-
ter range, well below the icings and snow accumulation in the meter range. While the vegetation-free
moraine provides ideal conditions for SfM — with lateral resolution down to 5 cm/pixel when flying at an
altitude of 100 m — snow and river ice covered areas are challenging for the feature matching step needed
for SfM initialization. We observe that under appropriate lighting conditions, most significantly avoiding
the long shadows associated with a low-lying sun and overcast conditions, well resolved DEMs are ac-
quired and generate a useful dataset.
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Figure 2: DEM difference between April and October acquisition. The result is mapped on a Formosat satellite im-
age, which is used as a spatial reference.

This presentation shows early applications on snow accumulation over the moraine, and on icing volume
estimation, which provides a significant water reservoir. In a next step, the goal is to compare water
equivalent accumulation (W.Eq.) in the icing with constant outflows monitored on the outlet of the basin.
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