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Motivation
The GLOBE (Greenland Subglacial Lake Observatory) project integrates ultra hi-res Digital 

Elevation Models (ArcticDEMs) and a suite of altimetry datasets to map and monitor Greenland's 

active subglacial lakes at the ice sheet scale using the variations in surface elevation. 

Introduction (subglacial hydrology)

Preliminary Results

Methods
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Take home message:
Understanding the distribution and dynamics of Greenland's 

active subglacial lakes is critical for assessing their role in the 

ice sheet’s hydrological system. Greenlandic subglacial lakes 

remain underexplored, with only a relatively small number of 

them having been identified to date. GLOBE aims at increasing 

that number by measuring changes in surface elevation 

obtained from DEMs in a systematic and automatised way.

Fig. 2: Diagram showing

fluvioglacial cross section. Credit: Jacque Cartwright.

Preliminary results from proof-of-concept studies have already 

demonstrated the viability of using this temporal variance in 

elevation (dhdt) as a proxy for subglacial lake dynamics3. GLOBE 

will extend this approach in a systematic way across the entire GrIS 
to obtain a complete inventory of its active subglacial lakes.

Subglacial lakes are formed 

between the bedrock and 

the ice sheet when meltwater 

accumulates in local hydraulic 

potential minima.

If the lakes are active (i.e., 

they undergo episodes of 

filling/drainages), the coupling 

between them and the ice 

sheet above can produce 

detectable changes in the 
surface elevation1,2.
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Transect  across Upernavik 

subglacial lake3. Surface 

has changed on several 

occasions for a maximum 

of up to 55m in the last 15 

years. Upernavik subglacial 

lake is next to a 

supraglacial lake (maybe 

connected?6).
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5. (To be implemented) Computer

Vision technique - SNIC superpixels

algorithm5for the automatic detection

of the lakes.

Simple Non-Iterative Clustering is a 

simpler and faster version of SLIC.

Original method: pixel-based

classification using GIS tools.

Stacking the hi-res (2m)

DEMs provides statistics

such as the standard

deviation over dhdt, which

can be used as a direct

proxy for the variability of

the elevation changes.

Original study (Bowling et

al., 2022) was tested in the

7 current active lakes in

Greenland and found >100

new “high-confidence”

(σ≥10m) candidates.

Transect across the 

centre of the Flade 

Isblink subglacial 

“mitten-shaped” lake 

(2nd one to be found 

in Greenland7), with a 

clearly visible ~70-m 

deep collapse basin.

Elevation history at 

the centre of the lake 

→ complementing the 

STD maps: histories 

“attached” to the  

pixels to include in the   

detection algorithm.

+43m

ice sheet elevation to highlight more

rapid changes associated with the 

filling and draining of the lakes. 

Fig. 4: Five fill–drain patterns were identified from data for 
subglacial lakes estimated from ice surface elevation changes. 
Credit: Livingstone et al., 2022.

Fig. 3: Original and post co-registered 
DEM elevation differences (method: 

vert. offset+deramp+Nuth-Kaab; CS2).

Fig. 5: (Top) STD map for PGC 
(sub)tile 32_45_2_2.          

(Right): Optical context (ESRI 
World Imagery) for Flade Isblink 

subglacial lake; see Results.

Fig. 6: SNIC Polygons example5.

using Lancaster University’s pipeline

( github.com/H4rdy12/DEMSquad).

Customisable for missions (CTE, CryoSat-2,

IceSat-2, IceBridge) and coreg methods

(Nuth-Kaab, deramping, vertical offset…).

1. Acquisition of DEMs through GeoParquet

→ intersection of tiles and StripDEMs.

Considering using STAC in the future for

improved performance.

2. Coregistration with altimetry data:

3. Time-Stacking/De-trending of the long-term variations of the

. .

4. Standard deviation of elevation map to find lake candidates:
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Fig. 1: Tile 27_35_2_2 (North Ice Cap - Northwest Greenland; shown in green in the map). (Left) Average elevation of 

the ice sheet surface; (Right) Standard deviation of elevation, stacking >150 StripDEMs intersecting with this tile.
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