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This paper describes a new feature developed for the Ice-sheet and Sea-level System
Model (ISSM), which adds stochastic parameterizations for particular forcings and model
parameters. The new model framework is called The Stochastic Ice-Sheet and Sea-Level
System Model v1.0 (StISSM v1.0). Overall, the paper is very clear in its structure and
explanation of the purpose of the new functionality, an overview of how to use the new
functionality, as well as interpretation of some initial experiments that used the new
functionality. The authors should be commended for explaining a complicated concept
(adding stochasticity to an already existing model framework) in a very clear and
straightforward way. Additionally, the paper makes use of existing "standard" ice sheet
model setups (e.g., MISMIP+ and IQIS) and makes good connections with prior related
literature (e.g., the comparison with Roe and Baker, 2016).

I have some general comments as well as editorial comments further below, amounting to
minor revisions needed before resubmission. I will emphasize again that the paper is very
well written and presented in a clear manner. The StISSM model will be very impactful for
future studies and I am pleased to see this significant step forward in ice sheet modeling.

General comments:

In the introduction, I suggest some additional text to state that, although StISSM will
alleviate the need to run large ensembles of climate models if it is possible to correctly
parameterize the structure of internal climate variability from other sources of
information, such as observations. In this current manuscript draft, the wording in the
introduction too strongly claims that StISSM will eliminate the need to run large GCM
ensembles. I think there still may be a need, although that need could very well be
reduced by StISSM. This will also connect nicely with the discussion text on lines
553-554.



In the future, is it planned to add functionality to specify different stochastic time steps
for different input variables (if they are uncorrelated)? I suggest adding some text to
either the methods or the discussion sections to touch on this.
I suggest making the connection between "y" and "eta" more clear. I think it's good to
have two separate symbols to make it clear that one is coming from an autoregressive
process. But it would be good to state very explicitly: "At each simulation time step, a
value for either y or \eta is calculated and used for that particular time step and
subsequent simulation time steps until the next stochastic update." That wording is a
little clunky and can definitely be improved. My suggestion is just to make it clear that
"y" and "eta" represent a similar thing: the realization of a random variable that is used
as the value for a particular forcing or parameter by ISSM.
I suggest changing the presentation of the changes in ice mass in Section 4 from
showing the initial mass and final mean masses in each ensemble to showing the mean
changes in mass. In other words, show just the differences between the initial mass
and the final mean masses in Gt, as well as the percent changes (as you have already
shown). I don't see the need to show the initial and final masses themselves; the
differences will illustrate the results more clearly. This would also make it easier to
compare the mean mass change against the deterministic drift in Table 6. Additionally,
please change how this is shown in the figures (e.g., Fig 4c, Fig 6c, Fig 8b).
The "Code and data availability" section states that "the simulation results, and the
scripts to reproduce all the figures are available" on Zenodo. Are the scripts user to
initialize, configure, and run the ISSM simulations also available there. The policy states
that "preprocessing, run control and postprocessing scripts" and, I do see
postprocessing scripts in the Zenodo archive but I don't see preprocessing and run
control scripts. If these are there, please ignore this comment. If they are missing,
please provide these in the same Zenodo repository.

 

Editorial comments:

line 9: Change "of" to "for"
line 29: It'll be a mouthful but I would spell out "CMIP6" here.
line 31: Change "AR6" to "Assessment Report 6 (AR6)"
line 32: Change "inclusion" to "selection"
lines 82-84: This statement is brought up as motivation for the paper but it's not really
addressed: "Finally, climate model simulations are generally not coupled to ISMs, which
neglects possible impacts from ice-sheet changes on the climate system, such as
surface elevation changes and modified ice discharge into the ocean." I suggest
removing this from the intro because it doesn't directly motivate the need for a
stochastic ice sheet model. Alternatively, if you'd like to keep it in, I suggest adding
discussion text on how StISSM can help address the coupling issue.
line 96: Possibly change "underline" to "emphasize" for clarity
line 101: Add "The new ..." before the start of this first sentence to make it clear that
this is referring to the new stochastic functionality within ISSM and not something that
had already existed.
line 106: I might suggest changing "ocean forcing" to "frontal ablation" or something
like that. I think of "ocean forcing" as a climatic forcing (i.e., ocean thermal forcing),
whereas the way that you convert ocean forcing to frontal melt (via parameterization)



is a glaciological process.
line 151: This refers to \epsilon_t but there's no such variable in the preceding section.
lines 151-152: It should be made clearer here and in the preceding section which user-
specified variables can vary in (1) space and (2) time. In the regular version of ISSM, I
believe that all of the mean fields (melt rate, water pressure, and TF) can be specified
as varying in both space and time. My understanding of Section 2.2 indicates that, in
StISSM, the user can specify \sigma_y to vary in both space and time, as well. I
suggest adding this statement to the paragraph on lines 115-122 and reference Section
2.2 from there. That would make it clear up front to the reader.
lines 347-348: The extrapolation of C_B is a bit unclear to me. Is this needed because
the ice sheet will grow in extent during the transient simulation to get to steady-state?
In other words, this is an extrapolation of C_B beyond the extent of the present-day ice
sheet, where there are no ice velocities available to invert for C_B, correct? Please
clarify.
line 360: "Free-flow boundary condition" is the same as "Neumann boundary
condition", correct? If so, please state this.
line 383: I suggest changing "to quantify the minimal amount of deterministic model
drift" to "to quantify the amount of deterministic model drift, which is minimal", if that
is indeed what is meant here.
Figure 3: Please add ticks and axis labels and also make sure that the axes are equal
so that Greenland doesn't appear stretched in one direction or the other.
line 408: Please add a very brief explanation for what the Shapiro-Wilk test signifies
and how to interpret the p-value.
line 410: Please provide support for the statement: "and the PDFs of final glacier state
have not yet converged to statistical steady-states." Is this determined by looking at
the changes in the PDF statistics (mean, std dev, skew) over the last X years? Please
specify.
line 413: Change "combined to" to "due to"
line 570: Would it be fair to make "experiments" more specific by changing to
"laboratory experiments"? If so, please make that change.
line 593: I suggest elaborating on the statement that stochastic forcing causes
"asymmetry in the response." From the experiments presented, it seems to me that
there is asymmetry during the transient but that the asymmetry decreases towards the
end of each simulation and, as demonstrated by the Shapiro-Wilk p-values, ends up
being fairly close to a symmetric normal distribution. If I am misinterpreting, it is
because of my lack of familiarity with the Shapiro-Wilk test and that should be
addressed in the paper (I have a comment about this above). But if what I wrote is
correct, I suggest expanding this conclusion to state something similar to what I have
suggested.
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