
Author response to Reviewer 2 - Basal melt rates and
ocean circulation under the Ryder Glacier ice tongue and
their response to climate warming: a high resolution
modelling study

Jonathan Wiskandt, Inga Monika Koszalka, Johan Nilsson

MS No.: egusphere-2022-1296
MS type: Research article

Please find below our response to the comments of reviewer one to our manuscript. The reviewers
comments are written in cursive, our response in regular font. Within our suggested texts, changes are
marked as crossed out for deletions and in bold for additions.

1 General comments

This is a nice set of experiments on the sensitivity of an idealized Greenland ice tongue cavity to variation
in ocean thermal forcing and subglacial discharge of ice sheet runoff. The results are presented in the
context of other modeling studies of ice-ocean interactions in Greenland fjords and Antarctic ice shelves.

I have some comments and suggestions for revisions to the paper which fall in two main categories:
a. I think some of the results could be analyzed or explained more fully — particularly regarding the

plume buoyancy (both its along-fjord evolution and its relationship to varying thermal forcing) — see
starred comments.

b. References to observed/projected changes and connections to the real-world RG-SOF/GrIS systems
could be expanded. This will help lend significance to the results and distinguish this paper from a more
generic idealized modeling study.

- Thank you for your review of our manuscript and your comments—they were very helpful in clarifying
several aspects of the results and improving the manuscript in general. We address the comments and
detail the alterations (in boldface) with respect to the manuscript in line with your suggestions below.

One additional request: Because a large portion of the study focuses on the evolution of the plume
itself, a direct comparison to a simple 1-D buoyant melt plume model simulation with the same initial
T-S profiles and SGD fluxes could be quite valuable to the community in evaluating the relative benefits
of running a high-resolution simulation of this nature. I hope that these comments are useful in revising
the paper and look forward to seeing this work published.

- Thank you for this suggestion. A comparison between an ocean circulation model results and those
from the 1-D idealized plume model from [Jenkins, 2011] is not straightforward. An ocean circulation
model, like MITgcm we are using, includes for example non-linear and viscous terms and resolves the
plume with several grid points in the vertical, whereas the 1-D model simulates a uniform (in the normal
direction to the ice) plume. Nevertheless, we compare the resulting melt rates of both models here.

In Figure 1 we compare melt rates from our control sum (10% SGD) simulation with these from 1-D
Jenkins plume model. The plume model is set up with the same ice geometry and the steady state temper-
ature and salinity profile from the MITgcm simulation. We apply the same SGD flux and channel height
(20 m, see section 2 in the manuscript). Entrainment and drag coefficients are taken from [Jenkins, 2011]).
The MITgcm shows around three times lower melt rates than the plume model. This can be explained
by higher velocities in the plume model and can be tuned by changing for example the drag coefficient or
the entrainment coefficient (see e.g. [Dansereau et al., 2013, Cai et al., 2017, Slater et al., 2022]). Since
the area averaged melt rates in our simulations are comparable to those from satellite observations
([Wilson et al., 2017], see discussion in the manuscript) we do not attempt the tuning.Importantly, both
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Fig. 1: Simulated melt rate as a function of distance along the ice from MITgcm, the Jenkins plume
model using a single layer with no stratification (”AW”) and the finale profile at x=21 km from
MITgcm (”Final”). Plume Model simulations are done with profiles and SGD from the control sum
experiment from the manuscript.

models show the sensitivity to the stratification (compare ”AW” and ”Final” in figure 1, namely the
two-regime structure in melt rates, that is described and discussed in the submitted manuscript (Section
3.1 and Discussion line 340).

2 New Plume Criterion

Please note, that based on the comments by the first reviewer, we adjusted our definition of the plume
by adding a buoyancy criterion. This influences the values of plume thickness, velocity and average
buoyancy. For a detailed discussion please see our response to reviewer one, comment 20. Updated
versions of figures 3 and 5 from the manuscript are given below (Figure 4).

3 Specific comments

1. Line 82, etc. It would be great to have a map showing the RG-SOF system with the locations of
the grounding line, ice tongue front, sills, and the hydrographic profiles used to initialize the model
(as referenced in line 134-135), as well as maybe a smaller inset map showing the location of RG
within Greenland.

- A map of the region is shown in [Jakobsson et al., 2020]. Because in our manuscript we focus on
idealized modelling and the bathymetric results are already published in the paper above, we suggest
that it is enough to add a direct reference to their figure to our manuscript: ”The third largest
remaining ice tongue in North Greenland belongs to the Ryder Glacier (RG) in North Greenland
(54� W, 82� N , see [Jakobsson et al., 2020], Figure 1).”

2. Line 100. I initially thought this was saying that the sills were within the ice tongue cavity. Adding
a map as suggested above would help to clarify this statement. However, I think it would make sense
to move this information to the description of the model domain in Section 2.

- Thank you for your comment. We can clarify, that the sill are outside of the modelled domain.
Therefore we also think it fits in better in the description of the area here than in the description
of the model domain (as they are not in the model domain). See also the response to reviewer 1,
comment 6:

”This study presents results from a series of high-resolution ocean-circulation model simulations
of basal melt and ocean circulation in a cavity below an ice tongue flow in a fjord with an ice
tongue. The model geometry is idealised, but its qualitative features are selected to be representative
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for RG and SOF. Note that SOF has two sills, which are not represented here. This is because the
present focus is on flow and melt beneath the ice tongue, which are only indirectly affected by the
sills: they primarily control the features of the AW reaching the ice tongue. Note that SOF has
two sills outside the ice cavity, so they are not considered in the model simulations
presented here. The impact of the sills that control properties of AW reaching the ice
cavity is a subject of a follow-up study.”

3. Lines 172/210 & Figure 1a-b. In you use negative melt rates in a few places but otherwise you use
positive values, which I think is more common and intuitive. This should be consistent and I would
encourage you to stick to positive values = melting since you don’t talk about refreezing at all. You
can still keep the way you’ve plotted the melt rates in Fig 1a-b by using a reversed y-axis.

- Thank you for the comment. The negative melt formulation (Equations 2-4) is taken from
[Losch, 2008] as is done in [Cai et al., 2017] (see also response to Reviewer 1, comment 13). For
consistency across publications (and with the model formulation) we suggest to keep the sign in the
equations and add a sentence around line 172 (see response to reviewer 1 comment 13). We will
adopt your suggestion of plotting positive values on a flipped y-axis (See Figure 2)

4. Line 177. You could add a very brief intro paragraph (2-3 sentences) to Section 2.2 referencing
Table 2 and A1-A2.

- Thank you for your comment. We can add a short introduction about the scope of the experiments
here (line 178).

”We set up two sets of experiments, one without subglacial discharge (SGD) and
one including SGD. The goal of the first set of experiments is to elucidate on the
dependency of basal melt on the oceanic thermal forcing. The second set is supposed
to shed more light on how different SGD volumes influences the basal melt. Chosen
experiments are listed in table 2. For a complete list of experiments the interested
reader is referred to the appendix tables A1 and A2.”

5. Lines 179-184.

1. The title of this subsection is “Oceanic thermal forcing” but then you use the term “temperature
forcing” throughout the rest of the paper. I think thermal forcing is more widely used but either
way, would be good to stick to one term.

- Thank you for you comment. We use ”oceanic thermal forcing” when introducing or discussing
the general concept of heat transport from the ocean toward the glacier (as there can also be
atmospheric thermal forcing). We choose to stick to ”temperature forcing” whenever we refer to
our model experiments. We will carefully go through the manuscript again and make sure this is
done consistently.

2. This had me wondering (a) what typical values are for Tb in this system and (b) how TAW is
related to TGL (i.e. is there significant mixing that occurs along the inflow pathway). From Table 2,
my impression is that Tb is roughly constant at -2.68� and that the water reaching the grounding line
is effectively unmodified AW. This is something you could state explicitly, i.e. TF can be estimated
as TAW + 2:68� (as you later use in Fig 4).

- We introduced TGL mostly to exclude the possibility, that modification of the AW (due to mixing
with glacially modified water or SGD water) would change the dependency of the melt on TF. As
you say, the AW at the grounding line is approximately the same for all experiments (with only
negligible variations or O(10�3). We can note this explicitly as suggested.

”To quantify the response of the system in terms of melt rate and circulation changes
to changing oceanic thermal forcing (by varying TAW ), we define an average temperature
forcing (TF= TGL(xGL,zGL) - Tf (xGL; zGL)) for each experiment, based on the time aver-
aged fields when the model is in a statistical steady state (model days 61-100). where
TGL is the time averaged water temperature at the grounding line (xGL; zGL) and Tf is the freez-
ing point temperature evaluated at the same point using the local water salinity S(xGL; zGL)and
quantify the response of the system in terms of the melt rate and circulation changes to changing
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