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About the 4DGreenland project

4DGreenland funded by ESA through the POLAR+ programme, Theme 2 (2020-2022).

Objectives:

• Advance our understanding of the Greenland hydrology and its impacts on the 

Greenland and Arctic environment.

• Generate novel Earth Observation-derived datasets characterizing the different 

components of the hydrological system [For selected drainage basins].

Partners: 
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About the 4DGreenland project

Project extension CCN1 2022-2024

Objectives:

• Application of algorithms and tools developed in ESA projects 3DEarth, 4DAntarctica

and EO4SMB in supporting and enhancing the 4DGreenland project.

• This included better estimates of geothermal heat flux and englacial temperatures. 

Further development of runoff from altimetry and development of tools for using 

Sentinel-1 in synergy with SAOCOM SAR data to enhance the ice velocity retrieval.

Partners:
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About the 4DGreenland project

Proposed project extension CCN2 2025-2026

Objectives:

• To perform an integrated pan-Greenland scientific study of 
the hydrological system.

• Expand ice sheet hydrology datasets and analysis to cover the entire ice sheet.

• Add off-ice sheet component (collaborative effort with EC project ICELINK)

• Develop an interactive dashboard.

Partners:
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Hydrological components of the ice sheet

Hydrological components

Background image adapted 
from Cuffey and Paterson (2010)

Initial test drainage basins
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Primary goal  

o Maps of surface melt extent and melt 
phase from:

• High to medium resolution C-band 
backscatter measurements (S1, ASCAT)

• Lower resolution PMW data (SMOS, 
SMAP, SSMIS, AMSR2)

• Investigate possibility to use the 
developed methods in a synergistic way 

o Value added products: onset & end date
per year, melt duration, melt stage

Surface Melt Retrieval from Active & 

Passive MW

Daily 5-km ASCAT* melt maps 2012 Melt Duration 2020
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Regional climate models (RCMs) show wide 
variability in melt volume estimates over 
the Greenland Ice Sheet.

Compare RCM-modeled melt with 
automatic weather station (AWS) air 
temperature observations -> establish a 
melt threshold for each RCMs.

Incorporating these thresholds reduces the 
differences between melt data and RCMs 
and minimizes the discrepancies between 
different RCMs. 

Melt products and RCMs

[From: Puggaard et al., The Cryosphere, 2025, accepted]
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Supraglacial hydrology

Evaluation of satellite methods for 
estimating supraglacial lake depths

The depth and volume is typically 
estimated by a radiative transfer 
equation (RTE) using optical satellite 
imagery. 

Not well validated (validation data 
needed). 

Intercompare ArcticDEMs, ICESat-2 
and the RTE applied to Sentinel-2 

ArcticDEM and ICESat-2 agrees well. 

RTE over/under-estimates depending 
on choice of spectral band.

Figures from Melling et al., 

2024, the cryosphere. 

doi.org/10.5194/tc-18-543-2024
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Supraglacial storage and drainage

Proof-of-concept study in:

Exploring SAR imagery to map supraglacial lakes using dynamic thresholding 
and deep learning methods.

• SAR is not limited by cloud cover or polar night.

• Proof-of-concept study has shown large lakes are detected and delineated with 
accuracy from SAR but small channels (<50 m wide) were not identified. 

Sentinel-2 optical image 25th July 2019

(Watson region Greenland) 
Sentinel-1 SAR image HV polarisation 

Lake/no lake classification derived from 
dynamic threshold overlay on SAR image.

How much 

meltwater is 

stored during 

winter?
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Subglacial lakes

- TanDEM-X data and swath-
processed CryoSat-2 data proved 
valuable for densifying timeseries 
of subglacial lake variations. 

- Better understanding of timing of 
drainage  events and filling rates.

- Some collapse basins too small 
for swath-processing to be 
successful.

Improved monitoring of 

subglacial lake activity 

using CS2 swath data and 

TanDEM-X

From Sørensen et al., 2024, The Cryospere

TanDEM-X data reveals drainage and re-filling
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Subglacial melt

Geothermal flux:

The average of 
three heat maps:

Shapiro & Ritzwoller 
(2014), Fox Maule 
et al. (2009) and 
Martos et al. (2018)

Elmer/Ice model 
(Gillet-Chaulet et 
al., 2012) tuned 
to assimilate 
observed surface 
velocities 
produces an 
estimate of 
friction heat. 

Viscous heat 
from surface 
meltwater 
(Mankoff et al., 
2017; 2020) is 
routed through 
the subglacial 
system.
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Melt retention in the firn

The improved DTU-firn model now provides updated 

estimates of meltwater retention and delayed.

Results depend on RCM used and percolation limit 

assumptions.  
830 kg/m3 910 kg/m3 > 917 kg/m3

Percolation limit

2010-2020

Run-off for the Watson area in time:

HIRHAM : 0.0% MAR: 2.5%

DTU830 : 9.0%         DTU910 : 6.0%      DTU930 : 1.8%



DTU SpaceLPS25, June 2025

Melt retention in the firn

Proposed work : 

• Assess potential of including EO-derived densities 

in the firn retention.

• Surface densities derived from CryoSat-2 and 

SARAL Alitka (Scanlan et el., 2023).

• Maximise EO  

(Scanlan et el., 2023)
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Ice sheet from satellite altimetry

• Further developments building on EO4SMB (ice sheet wide).

• Can we resolve the runoff on more regional scale ?

Yes, for some basins.

Methodological improvements were required. 

14

(Slater et al., 2021)
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Off-ice sheet component

Collaborative action with EC project ICELINK

ICELINK aim to advancing knowledge of north Atlantic land ice

With a strong focus on linking observations and models.

ICELINK will integrate Earth Observation data, in-situ 
observations and ice flow / climate models using 
Icelandic glaciers as a data-observation laboratory, for 
might happen in Greenland in the future.

ICELINK also includes work on seasonal snow –> off ice 
sheet hydrology. This was missing in 4DGreenland to 
fully be able to assess runoff.

ICELINK is led by University of Copenhagen. 

Follow the project here: icelink-project.eu
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Off-ice sheet component

• Collaborative action between 4DGreenland and ICELINK (proposed..)

16

The overall objective is to quantify the off-icesheet 
freshwater runoff component for a selected region of 
Greenland.

This constitutes a significant contribution to some fjord 
catchments in Greenland, and is very relevant for the 
Greenlandic society  

100% of water supply and 75% of installed hydropower 
capacity depend on off-icesheet runoff.

This work will enable us to do a full runoff assessment for 
a defined region, which allows us to assess the impact of 
it. 

The off-icesheet catchment scale modelling will 
be evaluated for Kobbefjord and up-scaled to 
Nuuk Fjord (red outline). Background map is 
‘Åbent Land Grønland’ provided by the Danish 
Klimadatastyrelsen.
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Off-ice sheet component

• Collaborative action between 4DGreenland and ICELINK (proposed..)

17

The overall objective is to quantify the off-icesheet 
freshwater runoff component for a selected region of 
Greenland.

This constitutes a significant contribution to some fjord 
catchments in Greenland, and is very relevant for the 
Greenlandic society  

100% of water supply and 75% of installed hydropower 
capacity depend on off-icesheet runoff.

This work will enable us to do a full runoff assessment for 
a defined region, which allows us to assess the impact of 
it. 

Powerplant locations. Image from 
Hydropower.gl
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Integrated assessment

• Integrated assessment done for selected basins – to be 

done for entire ice sheet

• Products to estimate monthly runoff:

➢ Surface melt volume

➢ Melt retained in the snow

➢ Change in the meltwater volume in supraglacial lakes

➢ Subglacial runoff
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