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General comments: 
The manuscript “Extreme mel3ng at Greenland’s largest floa3ng ice tongue” by Zeising et al. 
inves3gates mel3ng beneath 79° North Glacier by synthesizing pRES, ApRES, airborne radar, and 
satellite SAR (TanDEM-X) measurements. They find channelized melt features and, indeed, 
extremely high melt rates, although the largest es3mated melt rates (150 m/a) seem to be 
spa3ally localized. I found that the manuscript was excep3onally well-wriWen with excellent 
figures, a clear and concise narra3ve, accessible descrip3on of phase-sensi3ve radar, and high 
scien3fic merit. In sum, I think that this is a great paper that could benefit from some more 
context, discussion, and comparisons with alterna3ve methods. Below, I provide some specific 
comments and sugges3ons for further improving the manuscript that should be addressed prior 
to publica3on in The Cryosphere.   
 

Specific comments (major): 
1. Introduc:on: The introduc3on sec3on is a liWle short as wriWen, and I think could benefit 

from adding descrip3ons of the physics of channelized mel3ng, how channelized features 
have also been found in Antarc3ca, methods for es3ma3ng the basal melt rate (e.g., 
explain more why you are using ApRES in the first place?), and perhaps any other ideas 
that arise in light of my other comments below. A good paper to reference on the 
observa3onal side would be Alley et al. (2016), for example. (I see the descrip3on of 
channeliza3on in the discussion, but some more in the introduc3on would be good too.) 

2. Comparison with surface-based es:ma:on methods: Clearly pRES is great for es3ma3ng 
basal melt rates. I do think though that somewhere you should further acknowledge the 
prevailing method for es3ma3ng basal melt rates, i.e., using satellite al3metry and surface 
velocity measurements under the assump3on of hydrosta3c (flota3on) ice thickness. 
Ideally, since you have the eleva3on change, ice thickness, and ice surface velocity, you 
should be able to compare the es3mates for either the melt rate or the true ice thickness 
vs. the hydrosta3c ice thickness es3mate. In par3cular, I would guess that your ApRES 
es3mates are likely higher than hydrosta3c-based es3mates if the ice thickness is not 
perfectly hydrosta3c around the channels due to deviatoric (bridging) stresses. This would 
be interes3ng in the context of recent modelling (Wearing et al., 2021) and observa3onal 
(Chartrand & Howat, 2020,2023) studies that inves3gated the role of hydrosta3c 
imbalance in surface-based melt-rate es3ma3on; moreover, this would (A) highlight an 
advantage of ApRES in capturing internal strain rates that the hydrosta3c methods do not 
include and (B) perhaps more directly relate the eleva3on-change measurements (or pRES 
thinning) to the ApRES melt rates in a conceptual sense. I think anything along these lines 
would be valuable/interes3ng to include given that you are near the grounding line and, 
thus, as you state in the introduc3on, the ice is probably not in “free flota3on”. 

3. Surface mel:ng: You suggest surface mel3ng and the resul3ng enhanced subglacial 
discharge could cause enhanced mel3ng. I think this could be improved in two ways. First, 
I think it would be good to generally discuss how surface hydrology and subglacial 
hydrology have been found to be linked at several of Greenland’s outlet glaciers (e.g., 
Helheim Glacier), and that a subglacial ouelow source for many ice-shelf channels has 
been hypothesized in Antarc3ca (e.g., Alley et al., 2016). Second, if there are any 



indica3ons of surface hydrology in this region in previous studies or satellite imagery you 
have looked at (e.g., Figure 1b?), that could be useful for further tes3ng this hypothesis. 

4. Appendix D: This Appendix is really only men3oned in passing in the discussion sec3on, 
but describes some numerical calcula3ons of ocean currents that are able to support the 
high melt rates. Consider including this material directly in a new results sec3on (and/or 
the discussion) along with an explanatory/results figure if you are going to include it in the 
paper, which you absolutely should in my opinion if it helps explain the ApRES melt rates. 
 

Specific comments (minor): 
1. Line 5: I think you should include something about how the highest melt rates are spa3ally 

localized (i.e., later you say 95% quan3le) and short dura3on here. 
2. Line 30: “Bentley et al. (2023) gives evidence that the AIW…”: suggest saying that this 

evidence comes from an epishelf lake. 
3. Line 35: describe how meltwater alters kord circula3on (Straneo et al., 2016 ref)? 
4. Line 105: Please clarify what “ice base – ice surface – ice base mul3ple” means 
5. Equa3on 4: Define the ver3cal coordinate system somewhere, i.e., z is in (0,R), but what 

exactly do 0 and R mean? 
6. Figure 1: For a while, I thought that there was a red star near ApRES2, but I see now that 

it is a black star with a red dot in it.  I think labelling the 2a and 2b endpoints on the map 
would help alleviate any confusion.  

7. Line 185: “This can differ from the melt rate in the normal or ver3cal direc3on at the 
basal reflector.” I got caught up on this statement, can you explain this in a liWle more 
detail? Related, in Appendix A you say “the resul3ng basal mel3ng in the vicinity of the 
measurement is always underes3mated, although the nadir melt rate might be lower”, 
and I didn’t completely understand that either. 

8. Figure B1-B3: I think Including one of these in the main text would be good for 
understanding the ApRES data/method. I think ploqng all of the components you use to 
calculate the melt rate (∆R, ∆Rs, and ∆Re) in panel c would be good, along with the melt 
rate you already have in panel d.  

9. Equa3on (7): I don’t en3rely understand how you are calcula3ng this in prac3ce but I 
think the previous comment would help clarify. 

10. Figure 4: I would remove the word “sketch” from the cap3on as it makes it sound like 
you are drawing something rather than ploqng data  

11. Figure 5: It is hard to see the BedMachine profile in this panel b (is it absent?). Also 
should probably include BedMachine cita3on in the cap3on 

12. Line 225: Which figure are you referring to in Appendix B2 regarding small strains? 
13. Line 230: “marker shape of the off-nadir thinning rates” add “in Figure 1” here to clarify  
14. Fig 6a: Is there a nega3ve melt rate/freezing towards the right or just zero?  
15. In the discussion, I think some of the results concerning basal ice slopes could 

poten3ally be connected to some recent studies on the rela3on between basal ice slope 
(e.g., “terracing”; Dutrieux et al., 2014) and melt rates (Schmidt et al., 2023; Watkins et 
al., 2021). For example, on Line 205 you say “With decreasing basal slopes inside the 
channel, the melt rate also decreases”, which is related to these ideas. 



16. Line 337: I wasn’t sure what you meant by “because they exceed such melt rates, which 
are necessary for a steady-state ice thickness”—I found this sentence confusing. 

17. Line 338: “off the center”… center of the glacier? Suggest rewording 
18. Appendix B1: On Line 370, what is b? 
19. Equa3on B2: Are the shear terms neglected in the z integral in equa3on B1 to derive 

equa3on B2? 
20. Appendix E: If you need to shorten the paper, I did not think this was strictly necessary.  
21. Figure 7/Discussion: The surface temperature seems to drop slightly between 2005-2009 

period and later years. Could this somehow be related to the decrease in melt rates? In 
general, more discussion of why the melt rates might be decreasing would be good. I 
know you say something about the “inflow of colder water”, but could a diminishing 
subglacial ouelow due to less surface melt also contribute? 

22. Related to previous, you suggest a “recent inflow of colder water”, just wondering if 
there are there any other observa3ons available that might support this idea? 

23. Table A1: In Case D, I was not sure what “simple measurements” meant 
24. In the introduc3on, you talk about how basal mel3ng may be related to ice shelf stability 

or disintegra3on. I think you should at least men3on something about the stability of 
this system, and the uncertain3es in that in the discussion. For example, do you think 
the channel is going to eventually break through the ice shelf thickness or otherwise 
destabilize the system somehow? Or, is it all very uncertain given the temporal dynamics 
of the melt-rate decreasing and possibly complex interac3ons with ice flow, ocean 
currents, and atmospheric changes? 
 

Technical correc9ons: 
a. Line 40: In the last sentence of the paragraph, I suggest reversing the order of clauses 

(i.e., “Other methods must be used to monitor…”) 
b. Line 165: Suggest changing “which results in an underes3mated melt rate” to 

“underes3mates the melt rate by X m/yr…” or similar. As wriWen, I thought you meant 
that 2.7 m/yr was the absolute melt rate, not the underes3ma3on amount. 

c. Line 180: Change (Vaňková et al., 2021) to Vaňková et al. (2021) 
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