Response to Reviewer 1 comments.

Dear Reviewer,

[bookmark: OLE_LINK24][bookmark: OLE_LINK1][bookmark: _GoBack]Thank you for your complimentary review and your thoughtful comments, we hope we have addressed them thoroughly. We have included a copy of the revised manuscript with changes highlighted.


Specific comments

1. The high sea surface temperatures in Kanger Trough in 2016, melange breakup
episodes and destabilisation of KG could all be driven by a common forcing, namely either
increased subsurface ocean heat content or increased atmospheric heating/solar
radiation. Increased temperatures at depth will increase melting/calving at the terminus
and, in particular, may have destabilised the terminus via undercutting. Increased
atmospheric/solar heating would act to increase runoff and strengthen estuarine circulation,
drawing shelf waters towards KG terminus at a greater rate. In both these
scenarios, the breakup of melange may have played a role in KG’s destabilisation or
may simply be an additional symptom of the large scale forcing. You need to eliminate
these possibilities before you can attribute the recent retreat and acceleration of KG to
sea surface temperatures alone.

We fully acknowledge these points and have rewritten Section 3.2 to discuss the possible alternative drivers of retreat and included plots of surface air temperature. In summary, we say that the air temperature data show that the end of 2016, early 2017 and early 2018 were exceptionally warm and may have weakened the ice mélange. AW warming has been gradual, with no particular trigger in 2016, and these waters generally remain below 50 m so have minimal effect on winter sea ice formation.

We are convinced from the close 
timing of mélange breakup prior to calving, that terminus melt/undercut is not the main cause of recent instability of KG. The winter timing of the air temperature anomalies also 
suggests that the influence is more likely to be on sea ice, than on increased summer runoff driving enhanced buoyancy driven circulation driving frontal melt.

2. Can you be more quantitative about the forces involved with the melange stress
bridges? You cite the Burton 2018 paper, but I think it would be appropriate to translate
some of those results to this study as it is a crucial part of the proposed mechanism.
Can you say that this is a more effective mechanism for mass loss than, for example,
terminus undercutting (i.e. in ablation rate per Watt). Clearly the stress bridges are not
strong enough to prevent terminus advance during a “normal” winter. It is not then clear
that they may remain intact during these periods and prevent calving. I couldn’t see any
evidence of these stress bridges in Figure 4 or the animation, with icebergs seemingly spaced apart. I acknowledge the image resolution may prevent smaller icebergs being
distinguished from the surrounding sea ice. You say on P2L26 that the raw image data
has an 8-30 m resolution. Could you use this to generate a zoomed-in, high-resolution
image of the melange highlighting the potential for stress bridges?

[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23]We have expanded on the discussion of the ice mélange role in preventing terminus advance and quoted the theoretical estimates of the forces involved. At your suggestion we have also included and described a higher resolution image of the front. We do not calculate actual ablation rates but cite two papers which demonstrate that the potential for ice mélange to impose a seasonal signal on frontal advance is much greater than that for submarine melt. Please see Section 3.1.

3. I think the paper could say a little bit more about the mechanisms for exchange
between fjord and shelf. Particularly, how do the warm surface waters on the shelf
penetrate the fjord and flow all the way to the melange/terminus area. Simulations of
Kanger fjord (e.g. by Cowton (2016) and Fraser (2018c)) indicate the net flow in the
surface layer is out-fjord. This is not to say that surface layer inflow is impossible, and
there is a reasonably large literature on fjord-shelf exchange in SE Greenland which
could be referred to in order to fill-in this part of the picture.

The rewritten Section 3.2 now contains more about fjord—shelf exchange mechanisms. Please see the second paragraph of Section 3.2.2. 

4. I am not convinced the residence times within KF are sufficient for these warm
surface waters to remain on annual to inter-annual timescales. It is a very dynamic
environment with wintertime along-shelf winds driving rapid exchange events which
punctuate the background circulation. Several estimates for the exchange through the
fjord mouth exist (e.g. Sutherland 2014, Cowton 2016, Fraser 2018), and these can be
used to generate back-of-the-envelope fjord flushing times on the scale of a few weeks
or months. There are also regular katabatic winds driving strong outflow at the surface,
described by Spall (2017) for Sermilik Fjord (I’m sure this can be extended to KF).
Furthermore, the surface layer will be cooled by the atmosphere hence the formation
of sea ice. I therefore cannot picture a scenario in which warm surface water simply
“hangs around” in KF. It must be supplied via advection from the shelf or delivered from
depth via either vertical mixing or buoyant overturning near the terminus/icebergs.
This is a fair comment and we have now changed this paragraph, removing the suggestion that the warm water would persist into the winter. We add that mild air temperatures may have inhibited sea ice formation. See the last paragraph of Section 3.2. Also note that on learning that it is probably unreliable, we have removed the inner fjord CTD (Oct-17-B) profile from the plots
Technical corrections
P1L23: Should “fjord and shape” read “fjord size and shape”?

We have changed to ‘glacier and fjord geometry’.

P2L8: I’d lose the word “ice” as it is implicit in the acronym “GrIS”.
True, thanks.
P4L21: “WGS84” had a space earlier on line 12.

We now consistently use WGS84.

P6L2: See specific comment 2.

Addressed above.

P6L34: Were the subsurface or atmospheric temperatures anomalously warm during
this period?

The 30 m, 50 m and 100 m temperatures follow a similar pattern to the 5 m temperatures. At 200 m the temperatures show a gradual warming over recent years but with no particular trigger in 2016. Please see the answer to point 1 and Sections 3.2.1 and 3.2.2.

P7L5: See specific comment 4.

Addressed above.

Figure 3: Most of this information is already in Figure 2. Perhaps they could be combined
e.g. by making this an inset.

We would prefer not to do this as we think the overview in Fig. 2 is important and the time zoom in Fig. 3 makes it easier to relate variations in parameters such as surface elevation and frontal position relative to each other.

Figure 6 caption: “The dashed yellow line marks indicates the : : :”. Lose either “marks”
or “indicates”.
We have removed ‘marks’ thanks.

Response to Reviewer 2 comments.
Thanks also for your comments and helpful advice and we have amended the text to be more qualified in some of our statements.
For example, in the abstract we have added the word ‘probably’ to “Here we show that the current retreat was probably driven by…”. Also, in the last paragraph of the Introduction we have changed “We demonstrate that the mélange weakening…” to “We propose that the mélange weakening…”.
Please see our other responses below.
Review of “Warming of SE Greenland shelf waters in 2016 primes large glacier for
runaway retreat” by Bevan et al. (2019), The Cryosphere Discussions.
This paper uses a suite of remotely-sensed observations to show that Kangerdluggsuaq
Glacier (KG) in southeast Greenland experienced substantial retreat during
2017–2018. This is important as KG may soon transition to a retrograde bed, which
could lead to further inland migration. The authors provide observations that suggests
a weakening of the winter ice mélange during this period, which they attribute to
anomalous warming of near-surface shelf waters during 2016–early 2017. They then
conclude that warm near-surface shelf waters weakened the ice mélange, altered the
seasonal calving cycle, and triggered terminus retreat.

This paper is generally well written, and the time series of remotely-sensed observations will be highly useful to the community. However, in its present form, the oceanographic
component of the paper is too speculative in its attribution to the mechanisms
that inhibited/weakened the ice mélange and caused terminus retreat. In general, the
authors should qualify their statements more (or provide quantitative evidence for their
conclusions), along with considering all likely mechanisms for the observed retreat.

Major comments:

1. The authors propose that anomalously warm near-surface shelf waters during 2016–
early 2017 reached the inner fjord, weakening the ice mélange. However, this result is
only valid if the near-surface temperature variability on the shelf is directly transported
to the inner fjord without significant damping. Do you have further evidence that these
near-surface waters retained their anomalous heat content during their transit from the
shelf to the inner KG fjord?

We do not have any further evidence that near-surface waters retained their heat content but in response to Reviewer 1, comment 3 we have now included more text discussing fjord—shelf exchange mechanisms. Please see the text in Section 3.2.2.

2. The authors should discuss how much up-fjord heat transport in the near-surface
layer would be needed to substantially melt or inhibit the ice mélange. How does this
heat transport compare to previous ocean modeling work (e.g., Cowton et al., 2016)
and observations/theory (Sutherland et al., 2014; Jackson et al., 2016)?

Unfortunately we do not have the resources to answer this question but emphasise the correspondence in timing between warm surface waters in the fjord and a weakening and dispersal of wintertime ice mélange. Quantitative heat budget calculations would be a good topic for further work.

3. Was there a coincident anomalous signal in subsurface ocean temperature, air temperature,
or ice sheet runoff? These processes should also be considered/discussed
as possible mechanisms for destabilizing the ice mélange/terminus.

In answer to the comments of Reviewer 1, we now also discuss the possibility that deeper subsurface ocean temperatures or air temperatures may have contributed to destabilizing the mélange and terminus. We find that air temperatures were anomalously warm (see Figs. 2 and 3) at the start of 2017 and 2018, this timing suggesting an impact on sea ice as opposed to runoff. Deeper ocean temperatures (200 m) have shown a gradual warming since 2010 but show no obvious trigger point in 2016/17. Please see the rewritten Section 3.2.

Minor comments:

Page 1, L1: dash is not needed in “south-east” here or throughout the manuscript.

This is a matter of style, journal or British versus US English, however, we have accepted your suggestion.

Page 1, L3: the statement “Here we show that the current retreat was driven” is too
strong for the level of analysis presented in this manuscript. Please rephrase.

Accepted, we have inserted the word probably.

Page 1, L11: dash not needed in “run-off”.

Changed.

Page 1, L17: remove “specific”.

OK, removed.

Page 1, L23: change “glacier geometry, fjord and shape,” to “glacier and fjord geometry”.

Changed.

Page 2, L5: add reference for Sutherland et al. (2014) (JGR: Oceans).

Added, thanks.

Page 2, L12: change “is currently” to “has currently”.

We have changed the sentence to read ‘Here we show that by the end of 2018 the calving front of Kangerdlugssuaq Glacier was further upstream…’

Page 6, L6: It would be clearer to use “fjord mouth” instead of “down-fjord end”.

We do not really mean as far downstream as at the fjord mouth. We have changed to ‘down-fjord edge’.

Page 6, L9: change “thus reflects” to “could reflect”.

We changed to ‘could thus reflect’.

Page 6, L20: change “in to” to “into”.

Done.

Page 6, L23: change “meaning that it is well situated to interfere with” to “which could
possibly inhibit”.

We changed to ‘means that it could inhibit’. 

Page 6, L27: change colon to semicolon.

Changed.

Page 6, L31–32: this statement is too strong, please change the language to reflect
your descriptive analysis.

We changed ‘we are able to demonstrate’ to ‘we are able to provide further evidence’.

Figure 1: dash is not needed in “reanalysis”.

We have removed the hyphen from all occurrences of reanalysis.

Figure 2, lower panel: do you have estimates of the spatial variability (i.e., show
the standard deviation) in mean near-surface ocean temperatures from the reanalysis
product?

We have calculated this and now plot the actual values rather than the anomalies (which are shown in Fig 3) with +/- one standard deviation indicated by shading. Also, now that the reanalysis products for 2017 are available so we have used these instead of analysis data.

Figure 5: it would be helpful to thicken the lines on the 2017 OMG CTD profiles
Done. Also note that we have removed the Oct-17-B profile as we are led to believe that it is probably unreliable.

