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Motivation:

* Only CryoSat-2 and ICESat-2 altimeters currently monitor sea surface height (SSH) and sea ice in the polar regions above 81°N
« Additional remote sensing techniques are crucial to ensure continuous monitoring of these parameters

* Grazing-Angle Global Navigation Satellite System (GA-GNSS-R) can exploit signals from navigation satellites to determine sea surface elevations
(Nguyen et al., 2020) without the need for dedicated altimeter satellites.

« With GA GNSS-R it is possible to occasionally observe the SSH and to detect leads, enabling an estimation of the sea ice freeboard

 The ESA project, Investigating the potential of Spire grazing angle GNSS-R data to infer Arctic sea ice freeboard embedded in Earthnet Data
Assessment Project (EDAP+), aims to assess whether GA GNSS-R can complement existing satellite altimetry methods for monitoring the Arctic
Ocean operationally

Grazing Angle GNSS-R observation principle: > GA GNSS-R height profile (ref. to e e

+  GA GNSS-R measures phase shift between direct and reflected signal ~ PTU2TMSS, Andersen et al.,, 2023) with
underlying Sentinel-1 image on April 2024

* Phase shift depends on relative height difference between in the Beaufort Sea (acquisition time gap
R and the reflecting surface 22 min.) and V along-track plotted with
interpolated Sentinel-1 grey-scale values
* Output: Relative height profile (right axis).

05—

I Y TR

thed i
i Ve

0.4 —

GNSS
Transmitter

Spire Receiver (R) 4%

[m]

| \ \ | | | \
-0.5 |
-1.95 -1.94 -1.93 -1.92 -1.91 -1.9 -1.89 -1.88

L 106 Fras e
-1.95 -1.94 -1.93 -1.92 -1.91 -1.9 -1.89 -1.88

ICESat-2 (ATLO7)

| oep— LD
0 0.2 0.5

Input data:
« Spire GA GNSS-R datasets: L1B 50/1Hz reflectance variables (e.g.

power, phase noise etc.); L2 50Hz elevation data; L2 1Hz ice data (i.e
sea ice surface classification)

« SSH observations from ICESat-2 and CryoSat-2
 SAR imagery from Sentinel-1

A Standard deviation of GA GNSS-R and ICESat-2 ATLO7 (006) surface elevations per
50 km grid cell for March 2024. The black square highlights the area for which height
distributions are compared (see below).
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* Visual comparison of GA GNSS-R height profiles with SAR image grey .. : _
values Preliminary conclusions and outlook:
. Comparison between GA GNSS-R and ICESat-2 (ATLO7) sea ice Comparison of bin heights with CS2 generally shows good agreement, but

also systematic differences and generally lower heights of GA GNSS-R
« Comparisons with SAR images partly indicate good coherence between GA

surface heights

e GNSS-R surface heights and grey values
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