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The Greenland Ice Sheet, as a result of the fossil-fuelled anthropogenic warming, has been undergoing a significant 
acceleration in ice-mass loss over the recent decades (Bamber et al., 2018). The annual sea-level contribution is currently close 
to 1 mm and forecast to continue in the next century unless serious climate mitigation strategies are implemented (Otosaka et 
al., 2023; Aschwanden et al., 2019). The detrimental change to Greenland land ice is thought to progress, in a significant part, 
through the hydro-dynamic effects of elevated summer ablation (Karlsson et al., 2021). As surface meltwater migrates into the 
ice-sheet bed via moulins and crevasses, basal lubrication is promoted, inducing a seasonal ice-flow acceleration (Nienow et al., 
2017). Continued supply of liquid-water runoff may eventually lead to the development of a channelised hydrological system, 
allowing for efficient drainage which induces a pronounced late-summer slowdown (Schoof, 2010). This negative feedback 
between the increasing supply of surface-produced melt and ice flow has been hypothesised to be a long-term self-regulation 
mechanism of the ice sheet (van de Wal et al., 2015). Consequently, the effect of subglacial hydrology has been largely 
disregarded in future ice-mass-loss predictions (Davison et al., 2019; Maier et al., 2022). This study investigates whether that 
assumption is correct by conducting the first-ever large-scale mapping exercise aimed at identifying the inland extents of the 
efficient subglacial drainage networks at 56 major outlet glaciers in western Greenland during the 2018-2020 period.  
 
For that purpose, over 2300 feature-tracked surface-velocity timeseries based on the ITS_LIVE MEaSUREs project (Lei et al., 
2021; Gardner et al., 2023) are generated and analysed, supplemented by the statistical investigation on the likely controls on, 
and limits to, channel formation. The results demonstrate that melt forcing exerts a substantial influence on the seasonal 
evolution of basal drainage, explaining the north-south geographical disparity in channel distribution, but factors other than 
runoff also control the observed variability in hydrodynamics. In particular, this study associates the subdued melt-driven 
response of land-terminating glaciers with less efficient subglacial systems in comparison to marine-terminating glaciers which, 
contrary to expectations, display stronger seasonal variability. This finding is explained by marine-terminating glaciers 
developing a hydrologically well-connected system of relatively large cavities owing to their faster rate of sliding. In contrast, 
land-terminating glaciers support relatively smaller and therefore more isolated cavities, with the result channels there are less 
well connected with their surroundings. In addition, glacier hypsometry is found to provide physical constraints to the up-sheet 
expansion of subglacial channels through three critical thresholds related to surface slope, gradient in hydraulic potential and 
ice thickness. In that regard, the study suggests that the degree to which subglacial channels can mitigate the ice-sheet 
dynamical response to climate change has probably been overestimated, thus pointing to a potential and hitherto overlooked 
ice-sheet instability in southern Greenland. 
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