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The Greenland land ice’s accelerating mass loss contributes to 15-30% of the current sea level rise and mostly
originates from increased surface melting and runoff. About 80% of the ice sheet is covered by perennial snow,
a.k.a. firn, that retains part of the seasonal surface melt. Firn meltwater retention depends on its physical and
thermal state which can be estimated from a firn model driven by weather station observations. We find that
increasing air temperatures have driven increasing melt and firn heating at nine GC-Net stations between 1998 and
2015. Accounting for deep preferential meltwater percolation is found to not only to the comparison of simulated
firn temperatures to observations modulate the calculated melt and hinder the transmission of heat from the firn to
the atmosphere by routing the meltwater at depth where the released latent heat need more time to be conducted
back to the surface. We find that, in spite of increasing firn heat influx, the firn refreezing capacity is stable at
all sites. At the two warmest sites, firn densification led to the loss of 13-15% of the firn retention capacity. The
denser near-surface firn however requires more energy per unit volume to be brought to melting resulting in a
stable refreezing capacity at these sites. We find either constant or slightly increasing (≤ 5 %) refreezing capacity
and retention capacity at colder sites.


