Mapping Annual Summer Glacier Fronts and a Proxy Metric of Calving Intensities
with Sentinel-1 Extra Wide Swath Mode
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Abstract Background

Instead of providing single-day snapshots, the whole time-series of daily Sentinel-1 EW mode The retreat of melting glaciers and increased calving activities are a dramatic evidence of climate
acquisitions over Kongsfjorden in the north-west of Svalbard (Fig.1) was analyzed to provide yearly change, ice mass loss and the biggest cause of sea level rise. The glacier front lines of marine
statistically defined summer glacier front extents for Kronebreen from 2015 to 2024. The method is terminating glaciers can be highly variable in time and are a balance between the glacier flow, i.e.
based on Haarpaintner and Davids (2021) that has been developed to map the intertidal zone in surging, melting and calving, i.e. the breaking off of ice from the glacier’s terminus, which floats
Norway into classes of atmospheric exposure (AtmEx) by land-water thresholding of backscatter away as icebergs or growlers. This is especially the case for the sea-ice free summer month July to
percentile mosaics of dense S1 time-series (Fig.2). Hence, the summer glacier fronts are extracted October. The icebergs, bergy bits and growlers form the summer ice mélange that directly influence
by thresholding the 95th backscatter percentile mosaic from the daily summer months acquisitions the marine environment, for example, by providing habitat for the marine fauna, inducing fresh
and define thereby the glacier front extent where the glacier prevails more than 95% during water in the water column, and transporting sediments.

summer (Juli to October). These glacier fronts are compared to glacier fronts extracted from single- .

date end-of-summer Sentinel-2 acquisition (Fig.3) as well as to the statistical analysis of the fewer Sentinel-1 EW Data

S1 IWH acquisitions in higher resolution (Fig. 4). The comparison reveal the high variability of the Optical satellite sensors such as Sentinel-2 are limited by the persistent cloud cover in the Arctic and
glacier front position during summer of several hundred of meters. allow only snapshots of the glacier front under cloud-free condition. Cloud-penetrating synthetic
In addition, the statistical analysis also detects the summer distribution of floating icebergs, bergy aperture radar (SAR) data from the Sentinel-1 (S1) satellites of the Copernicus Program provide
bits and growlers in the waters in front of the glaciers. Using lower percentile backscatter mosaics consistent time series of observations since 2015 for statistical analysis. Over the Svalbard
are used to define regions in the Kongsfjorden waters where IBGs are present 5%-12%, 12%-25%, archipelago, the S1 acquisition plan is dominated by the use of the extra-wide swath (EW) mode,
25%-50%, 50%-75%, 75%-88%, and 88%-95% of the time during summer, i.e. the temporal acquiring observation in medium resolution of 25m on a quasi-daily basis in HH/HV dual
occurrence (Fig.4). Although, the distribution of IBGs in the fjord highly depends on surface winds polarization. Only three of the S1 paths over Svalbard acquire in interferometric wide-swath 10m
and currents, independent estimations of frontal ablation suggest that this approach of mapping high-resolution (IWH) mode but in different dual polarization set-ups, VV/VH and HH/HYV,
the temporal occurrence could provide a proxy metric of summer calving intensities. respectively, each providing only one acquisition every 12 days per satellite, i.e. a maximum of five

acquisitions per month from 2017 to 2021, when both S1A and S1B were operational.
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Fig. 1. The Kongsfjorden-Krossfjorden system and the focus sites of Fig. 2. AtmEx/temporal occurence results over the Kongs-/Krossfjorden area for the year 2017: (left) including land as Fig. 3. Yearly summer glacier extend based on the 95% summer
Kronebreen/ Kongsvegen. The location of the study area in the Svalbard mapped by S1 (<250m AMSL) with >95% AtmEx in brown, (center) with a transparent land class and (right) zoom-ins for occurrence classes compared to single-date glacier front lines from
archipelago is shown as a red rectangle. Lillehébkbreen and Kronebreen. Background aerial image from Norwegian Polar Institute (online). Moholdt et al. (2021) and Haarpaintner & Tranchand-Besset (2024).
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VS. EW Fig. 4. Yearly summer (July to October) glacier front extent and ice mélange occurrence for Kronebreen/Kongsvegen for the S1 decade 2015-2024. Yearly manually digitized glacier front
lines from single date of late summer Sentinel-2 images as black lines from Moholdt et al. (2021) and yearly waterlines as red lines from Haarpaintner & Tranchand-Besset (2024).
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Fig. 5. The yearly (summer) mean area of the ice mélange occurrence classes (left scale in km?) and the ablation suggests that the summer ice meéla nge area could potentially be used as Fig. 6. Summer ice discharge, retreat loss and frontal ablation in
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support this hypothesis.
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