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In Section 7.3, “Ice sheet mass loss and sea level rise”, the authors state: “The IPCC
(2013) report increased estimates of sea level rise compared to prior IPCC reports,
but scenarios they discuss are close to linear responses to the assumed rising climate
forcing.” (Page 20114, Line 21). While this is entirely correct, I would note that IPCC
AR5 did qualitatively acknowledge potential ice sheet mechanisms for non-linear sea
level rise that had not been acknowledged in previous IPCC reports.
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Specifically, IPCC AR5 Section 4.4.4.2.2 (“Cryo-hydrologic warming”) introduced cryo-
hydrologic warming as a process causing ice sheet change. This is one of five pro-
cesses highlighted in 4.4.4.2 ("Ice Sheet Processes"). Cryo-hydrologic warming is the
relatively rapid warming of glacier ice temperatures due to the latent heat released by
refreezing meltwater, whereby this warming of the ice modifies temperature-dependent
ice rheology, with relatively small increases in ice temperature resulting in relatively
large increases in ice deformation and flow.

While the majority of research on the possible influence of cryo-hydrologic warming on
ice dynamics has been undertaken in the context of the Greenland ice sheet (Phillips
et al., 2010; van der Veen et al., 2011; Phillips et al., 2013; Colgan et al., 2015; Luthi et
al., 2015), where specific surface meltwater production is relatively high in comparison
to the Antarctic ice sheet, perhaps this discussion of an upper limit scenario for the ice
sheet sea level rise contribution would benefit from mentioning that IPCC AR5 scenar-
ios are acknowledged not to contain cryo-hydrologic warming, and other mechanisms,
of rapid ice sheet response. Presumably if such mechanisms were included in AR5
scenarios, then AR5 projections would appear less linear.

William Colgan, Ph.D.

References

Colgan et al., 2015. Considering thermal-viscous collapse of the Greenland ice sheet.
Earth’s Future. 3: doi:10.1002/2015EF000301.

Luthi et al., 2015. Heat sources within the Greenland Ice Sheet: dissipation, temperate
paleo-firn and cryo-hydrologic warming. The Cryosphere. 9: 245-253.

Phillips et al., 2010. Cryo-hydrologic warming: A potential mechanism for rapid
thermal response of ice sheets. Geophysical Research Letters. 37 (L20503).
doi:10.1029/2010GL044397.

Phillips et al., 2013. Evaluation of cryo-hydrologic warming as an explanation for in-

C5494

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/15/C5493/2015/acpd-15-C5493-2015-print.pdf
http://www.atmos-chem-phys-discuss.net/15/20059/2015/acpd-15-20059-2015-discussion.html
http://www.atmos-chem-phys-discuss.net/15/20059/2015/acpd-15-20059-2015.pdf
http://creativecommons.org/licenses/by/3.0/


ACPD
15, C5493–C5495, 2015

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

creased ice velocities in the wet snow zone, Sermeq Avannarleq, West Greenland.
Journal of Geophysical Research. 118: 1-16. doi:10.1002/jgrf.20079.

van der Veen et al., 2011. Controls on the recent speed-up of Jakobshavn Isbræ, West
Greenland. Journal of Glaciology. 57: 770-782.

Interactive comment on Atmos. Chem. Phys. Discuss., 15, 20059, 2015.

C5495

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/15/C5493/2015/acpd-15-C5493-2015-print.pdf
http://www.atmos-chem-phys-discuss.net/15/20059/2015/acpd-15-20059-2015-discussion.html
http://www.atmos-chem-phys-discuss.net/15/20059/2015/acpd-15-20059-2015.pdf
http://creativecommons.org/licenses/by/3.0/

