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ABSTRACT

Accurate identi cation of grounding lines is of immense im-
portance for estimating the mass budgets of ocean-terminating
ice sheets and glaciers of Antarctica and Greenland. In Differ-
ential Interferometric SAR (DINSAR) interferograms, human
experts still largely manually digitize grounding lines. The
time-consuming nature of this task makes it infeasible to pro-
duce timely, continent-wide grounding line mappings. This
study employed a Deep Neural Network (DNN) to automate
delineation. The Holistically-Nested Edge Detection (HED)
network was trained in a supervised manner on features de-
rived from interferometric phase, elevation data, ice velocity,
tidal amplitude, atmospheric pressure and corresponding
manual delineations. HED-generated lines achieved a me-
dian deviation of 209 m with a median absolute deviation of
153 m from manual delineations. The developed automatic
pipeline demonstrates the potential for generating spatially
and temporally dense mappings of the grounding line.
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1. INTRODUCTION

Grounding lines are subsurface geophysical features that rep-
resent the boundary between grounded ice and oating ice
shelves. Situated within a transition region called the ground-
ing zone, grounding line locations (GLLs) form the interface
between ice sheets and the ocean. Here, ice shelves experi-
ence exure due to tidal forcing, which results in a temporary
displacement of the grounding line. Identifying and monitor-
ing their migration patterns is essential for understanding and
modelling ice sheet dynamics, basal melting and the overall
stability of ice sheets [1]. Moreover, ice mass balance cal-
culations of individual glaciers and ice sheets are dependent
on accurate GLLs, as ice discharged from the the grounded
interior is typically calculated at the grounding line [2].

Past and current satellite missions’ spatial and temporal
coverage has enabled regular, continent-wide coverage of
GLLs in Antarctica and other isolated glaciers with oating
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Fig. 1. The manually delineated GLL product of the AIS_cci
project [3] (center). The legend shows the three satellite mis-
sions used to derive the DINSAR interferograms. The rectan-
gles surrounding the map show a feature stack generated for
the Amery Ice Shelf (black rectangle in the center map) used
to train the DNN.

ice tongues. In particular, the high sensitivity of Interferomet-
ric SAR measurements to ground deformation has resulted
in its application to GLL mapping [4] through Differential
Interferometric SAR (DInSAR). A DINSAR interferogram
is computed as the difference between two interferograms
formed from three or more repeat pass SAR acquisitions,
reducing the phase contribution from ice displacement solely
due to tidal deformation under the assumption of steady ice
velocity within the chosen temporal baseline. Tidal defor-
mation at the grounding zone is visible as a dense fringe
belt. Its landward limit is manually digitized as the GLL.
Besides being labour and time-intensive, manual delineations
are inconsistent due to varying interpretations of experts in
identifying the landward fringe, especially in areas with poor
coherence or intricate fringe patterns.

The scarcity of appropriate INSAR data and the complex-
ity of GLL geometries has so far restricted the development
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