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Introduction
The surface topography of the Greenland Ice Sheet and adjacent ice
masses is constantly evolving. Yet, current Digital Elevation Models
(DEMs) for the ice sheet usually rely on multi-year data, obscuring
these short-term changes.
To address this, we have developed PRODEM, an annual series (2019-
2024) of high-resolution (500 m) summer DEMs. These DEMs
encompass the Greenland ice sheet marginal zone (Winstrup, 2024)
along with adjacent ice caps and glaciers (data set extension soon to be
released). Current efforts are directed towards extending the PRODEMs
inland to cover the entire ice sheet.

Method
Each PRODEM is constructed by fusing data from CryoSat-2 radar
altimetry and ICESat-2 laser altimetry using regionally-varying kriging of
elevation anomalies relative to ArcticDEM elevations. The applied
approach exploits the high spatial resolution of ArcticDEM, while
enhancing it with a temporal resolution based on the satellite altimetry,
thereby providing detailed insights into surface elevation dynamics.

Results
Validated through leave-one-out cross-validation, PRODEM effectively
captures the spatial and temporal evolution of the ice sheet surface
topography. Compared to ArcticDEM, the annual PRODEMs reveal a
general lowering of elevations, while highlighting a detailed and complex
spatial pattern of annual variability.

Conclusion
The high spatio-temporal resolution of PRODEM allows for the detection of rapid localized
changes in surface elevation that are missed by coarser models. This provides a more
nuanced understanding of the local impact of climate change and ice dynamics combined.
Further, applying PRODEM surface elevations to estimate the solid ice discharge from outlet
glaciers enables more accurate assessments of Greenland’s contribution to sea-level rise.

Data availability
The current PRODEM series is available at https://doi.org/10.22008/FK2/52WWHG
(Winstrup, 2024), and we plan to annually update the product henceforth.
For more info on the method and data product, see Winstrup et al (2023):
https://doi.org/10.5194/essd-2023-224

Accumulated elevation change for the three largest outlet glaciers

Annual elevations along PROMICE fluxgates across the largest outlet glaciers

Comparison to other DEMs

Elevation anomalies relative to
ArcticDEM (v4.1) reveal a
checkerboard pattern caused by
artefacts in ArcticDEM.

PRODEM19 versus a DEM created based on ICESat-2 for 2019 (Fan et al,
2022) across Petermann Gletsjer. The PRODEM resolves smaller-scale
features due to its construction as elevation anomalies relative to the
ArcticDEM mosaic (Porter et al., 2023).

PRODEM reveals a highly dynamic surface response across the three largest outlet glaciers
from summer 2019 through 2024. Similar dynamic response was not captured in previously
estimated surface elevations along the PROMICE fluxgates (dashed lines), demonstrating the
need to incorporate the changing ice elevation in high temporal resolution for improved ice-
sheet-wide estimates of solid ice discharge.

The PRODEM series (2019-2024)
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