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Response to Reviewer 2

R2.1 Review of Sub-grid Parameterization of Iceberg Drag in a Coupled Iceberg-Ocean Model by
Summers et al.

Summers et al. present a significantly improved means of representing icebergs and ice melange
i the MITgcm ocean model. The improvement comes in the representation of iceberg drag and in
making the code much more efficient. They show that when compared with high-resolution ( 10m
resolution) simulations that resolve individual icebergs, their parameterisation performs very well
at resolutions ( 100s-1000s m) that are more practical for longer fjord simulations. In addition,
they explore the impact of icebergs and iceberg drag on glacier-adjacent conditions.

I found the manuscript - and the work - to be rigorous and meticulous. In places it was a bit
difficult to follow the large number of simulations, but I think this is unavoidable and in general
the writing is clear, and the figures are excellent. The improvement in representation of icebergs
is much needed and will be of use to other researchers simulating icebergs in fjords. The topic is
certainly of relevance to the Cryosphere. In general, I would be happy to see this published with
MINOT TeViSIONS.

We thank the reviewer for their summary and appreciate their time spent providing the following
review.

R2.2 Major comments

My main overarching thought is whether aspects of the manuscript in its present form might
have been better suited to a more technical modeling journal such as Geoscientific Model Devel-
opment or the Journal of Advances in Modeling Earth Systems. The main contribution of this
work is an improved package/parameterisation for representing icebergs in fjord models, the paper
is quite technical (often referencing model variables and settings), and the take-homes in terms of
improved physical understanding are not too prominent. As someone who has worked with icebergs
in MITgcem, I was able to follow and find the paper to be a very good contribution, but for someone
who does not have this background the paper might be quite technical and dense. As such, I feel
the manuscript could do with dialling back the technicality a little and bringing out the physical
implications further.

We appreciate the reviewer’s comments, particularly as we hope to make the manuscript ap-
proachable for the broad audience at The Cryosphere. To this end, we have moved many of the
more technical aspects to Appendices to improve readability. We specifically have moved the
implementation details of how hFactors are implemented, as well as the details of which iceberg2
flags are set for each model run to an appendix. Additionally, we have moved discussion of the
mechanism by which the previous version of iceberg had the blocking effect disabled, and our
resolution of this issue, to an appendix as well. Finally, we have moved former figure C1 to the
main document to help with the introduction of this model geometry.

These changes have helped to dial back the technical details and make the manuscript more
accessible to the more general audience of The Cryosphere.

R2.3 Minor comments
L24 — this sentence didn’t make sense to me — reword?

I We have reworded this sentence.

R2.4 Figure 1 — I think it would be helpful to note in the caption that each picture here is a column(?)
of MITgcm cells, and define variables like delta x, delta y etc in the caption.
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I We have clarified this in the caption, and agree it improves readability of the figure.

”

R2.5 L70 — for clarity, perhaps say “reduced to a volume fraction occupied by icebergs, . ..

I We have made this adjustment to increase clarity.

R2.6 L8S — “hFuacC, hFacS, hFacW” — 've come across these in using MITgcm but a more general
reader won’t be able to follow here without a bit more description.

We have made this line a more general summary of this process, and have moved the more
technical discussion to an appendix section to improve readability.

R2.7 L95, 143, 147, 203. This may be preference, but in each of these places a figure is referred to
that is much later in the paper. I find it awkward to flick forwards to find the one bit of that figure
that is relevant without getting dragged into the rest of that figure, so maybe better to refer to the
figures in order and remove these references?

To improve reader flow, we have adjusted L95 to now reference the section where it is discussed,
rather than the figure, as we agree this is a more appropriate reference. We have removed the
reference to later figures on L143, 1147 as they are not necessary. We have also removed the
reference in 1203 and instead point the reader back to this section for details when we later fully
introduce the figure.

R2.8 Eqs. 465 — might it be helpful to have a plot showing alpha and beta versus phi to visualise
how they differ?

I We agree and have included this figure in an appendix.

R2.9 L151 — “normal distribution of our iceberg drafts” — it isn’t clear to me that the distribution
18 normal, given the power laws in Eq. 6 and L138. Is the distribution indeed normal?

The distribution of drafts is drawn from normal distributions of a,b in equation (6), but indeed
this does not result in an overall normal distribution of iceberg drafts. We have changed this line
to be more accurate referring to the distribution as generically “random” rather than “normal”.

R2.10 L157 — here (amongst other similar lines e.g., L286-287) is the sort of line that I feel is more
suited to a journal like GMD/JAMES, because it is referring to specific modeling variable settings,
which is not something I often see in Cryosphere papers. Might there be a way of avoiding these
technicalities in the main text, for example by moving to an appendiz or supplement?

These lines have been moved to an “Computational Implementation” appendix to reduce the
technicality of the main manuscript and increase readability for the general audience of The
Cryrosphere.

R2.11 Tables 1 € 2 — these are great and really helped me follow the results.

We are very glad to hear these are useful to the reader. Candidly, they are very useful to us as
authors as well.

R2.12 L164 (or near here) — it would be good to refer the reader to Fig. 2A at this point.

I We have inserted a reference to Figure 2A here.

R2.13 L169 — the non-physical temperature field — I follow what you’re trying to do, but is there a
reason not to use salinity to get the required stratification, which would be more physical?



Authors’ Response Letter TC Manuscript #: egusphere-2025-1555

Salt Gradient Comparison Residual for Salt Gradient Comparison

! — ftGrad — tGrad
;== sGrad --- sGrad
Hughes (2022) =50

-+« Driving Velocity

-100 -100

-150 -150

Depth [m]
Depth [m]

-200 -200

-250 -250

~300 -300
00 02 04 06 08 10 12 14 16 -04 -02 0.0 0.2 04
U [u(z)/u] AU [u(z)/U] MSE: 0.08,16.48

Figure R1: Comparison of a salt gradient (sGrad) and temperature gradient (tGrad) for the U =
0.12, A\ = 0.20 case. Results from Hughes (2022) are plotted in a dashed gray line, and the driving
velocity is a black dotted line. Residuals compared to Hughes (2022) are plotted as well.

This comment was also made by Reviewer 1 (R1.4), and we agree that a salinity gradient
can reproduce the behavior of this non-physical temperature gradient case. We run such an
experiment and show the results in Figure R1 of this reply, where we compare results for a salt
gradient set-up compared to the presented temperature gradient set-up for the U = 0.12, X =
0.20 case. The cases produce an identical density gradient from either a linear variation in
temperature (tGrad) or salt (sGrad), which results in identical resulting velocity fields. However,
we find that simply reproducing the non-physical temperature field is the most straightforward
way to benchmark against the previous study so we have kept the temperature-gradient results,
but have added a sentence to clarify that a more realistic salt gradient would produce the same
results.

R2.14 L176 — background diffusivity seems to be set twice here, or perhaps I am misreading, but
reword for clarity.

I Indeed, the first mention of diffusivity should be viscosity. We have corrected this error.

R2.15 L186 — this starts the description of melting before you ve introduced the simulation that uses
it (the melange melt second benchmark), right? If so, it would be better to move this description of
melting into the paragraph below.

Our first model runs including melt are within this Forced Fjord domain (figure 6, experiments
FF, FF_NoDrag, FF _noBlockDrag) and so we leave this description here.

R2.16 L189 — I'm confused about this definition, or perhaps just the notation — don’t lower case
gammas usually denote an exchange velocity, so that there would be a velocity in this definition (see
e.g., Holland & Jenkins, 1999, Journal of Physical Oceanography)?

This is indeed confusing terminology. Consistent with the notation of Hughes (2024), we use
lower case gamma to represent the Stanton number, though we agree the exchange velocity is
more commonly represented with a lower case gamma. We have clarified this with additional
text to explain that this is the Stanton number, which is then multiplied by velocity to arrive at
an exchange velocity, and that we are following the notation of Hughes (2024)

R2.17 L203 — “where horizontal resolution is 10 meters” — I guess this line is a mistake since the
resolution is presumably coarser and it says so on L2077
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This is indeed a typo, and we have struck this entire sentence, opting to only detail horizontal
resolution in the sentence formerly on line 207.

R2.18 L214 — In table 1 this value is C_bd = 0.025 — check for consistency through the manuscript.

The table should read C_bd = 0.0025. We have corrected this error across the manuscript as
well.

R2.19 L222 — normalized

I adjusted

R2.20 L241 — should this be Figure 4, not 3¢

The intent here is to guide the readers to Figure 3 D, where we show the full depth velocities
to illustrate how below 300 meters the velocity field is not majorly impacted by the mélange.
We have moved this reference up in the sentence and added a panel reference to make this more
clear.

R2.21 Figure 4 — I found it hard to see the line denoting the driving velocity.
I We have adjusted this line to be a bolder, black dotted line in Figures 4, 5, 6.

R2.22 Figure 5 — it’s very cool how well the package performs even at coarser resolution.

We agree with the reviewer and were pleasantly surprised to see how well this parameterization
scales at coarser resolution, even those well beyond our intended focus.

R2.23 L326 — I feel this repeats earlier material unnecessarily.

I We have reduced and merged the text in this paragraph to avoid unnecessary repetition.

R2.24 L330 — I didn’t see the terminology “High Melt” used in section 3.1

I We now introduce this terminology in Section 3.1.

R2.25 Fig 8b-d — at what time through the simulation are these results extracted? Since there is
time variability shown in panel a, this would be relevant information to include in the text and/or
caption.

We have added this important information to the caption as well as in the main text. These are
the average values of the final 2 hours of the simulation.

R2.26 L356 — unnecessary comma and I presume “(D).” is a mistake.

We have removed this comma and moved “(D)” up in the sentence and included the figure

number to clarify that this sentencing is motivating panel D of the figure.

R2.27 L357 — highlights
I adjusted

R2.28 L370 (or start of this section in general) — it would be great to refer to Fig. 9 at appropriate
points here.
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I We now mention the Figure 10 (formerly Figure 9) in the opening of this section.

R2.29 L421 and 489 — isn’t it more than 11,000x the computational expense? If there are 40
(=400/10) more grid cells in x and y, and the timestep presumably has to be ~ 40 times smaller,
then the change in computational expense would be 40°3 = 64,0007

The reviewer’s comments is correct for linearly scaling timestep size, but the partially filled cells
of iceberg require smaller time steps for stability than entirely full/empty cells. Practically, this
means for a 400 meter resolution iceberg style run we require time steps of ~ 15—25 seconds, only
~ 10x the 1 — 2 seconds in Hughes (2024). This scaling detail is not obvious but is mentioned
in section 3.1. Given this is still a rough comparison, we have relaxed our stated improvement
to the rounded value of 10000x. The value of 11000 also accounted for the fact that Hughes
(2024) used 50 vertical layers, rather than the 64 we consider, when requiring time steps of 2
seconds. The 11000x estimate also accounted for the slightly slower per-grid-cell performance of
iceberg (~ 50 — 150% slower) which must perform melt calculations for every iceberg in the cell
(up to hundreds of icebergs), rather than just 1 melt calculation per cell in the discrete iceberg
approach. This estimated comparison was done by comparing the actual run times of FJ and
using FJ_Nolcebergs as a lower bound of the time to run a discrete iceberg run, but perhaps this
level of granularity is not important for our generalized scaling argument here.

R2.30 L461 — minimum melt speed of 0.04 m/s
I We have corrected this typo.

R2.31 L429 — Jain et al. preprint — it would be appropriate to cite this somewhere in the introduc-
tion.
I Jain et al. is now referenced in the introduction with the Hughes ~ 10! meter resolution models.

R2.32 Figure C1 — since the equivalent figures for the other 2 sets of simulations are in the main
paper, perhaps this could be brought into the main paper?

I We appreciate the reviewer’s suggestion, and have moved this figure to the main text.
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