
Response to the questions of reviewer one
First of all I would like thank the referee for his/her thoughtful comments, time
and interest in the manuscript. I have put the referees comments in italics and
my answers are given in plain text. Moreover, apart from correcting errors and
following suggestions the referees have found. I also found an error of my own.
I had consistently called the AR6 (low confidence) projections (low probability)
projections. This error is now also fixed.

Hieronymus presents the sea level simulator v1.0 following the first official
public release of the source code. The sea level simulator aims at providing the
joint probability of mean sea level rise and sea level extremes which is crucial
for coastal planning and future adaptation. This tool could be particularly useful
for engineering purpose and decision-making.

The manuscript acts as a technical reference publication as stated by the
author. The framework behind the sea level simulator is not new and studies
using previous versions of it have previously been published (Hieronymus, 2021;
Hieronymus and Kalén, 2022). This version offers some updates such as new
mean sea level projections (based on Fox-Kemper et al., 2021) and the imple-
mentation of uncertainty in the GEV parameters for the extreme sea levels.

The second part of the paper focus on a particular site and shows how the
model behaves based on different parameter choices. More importantly, the
manuscript discusses what one can infer from the model outputs. For exam-
ple, which physical process is the dominant at different time horizons; this has
direct impact when designing new structures and their planning periods.

The code is written in Matlab and released under MIT licence. Having no
access to a Matlab licence, I have not tested the code directly, but the Gitlab is
easily accessible. Users could potentially adapt and change the routines thanks
to the use of Matlab. The different functions seem relatively straightforward to
read though some users might find difficult to follow due to the lack of comments
and descriptions inside each Matlab file.

GMD seems to be a good fit for the manuscript considering the author aim to
publish a reference technical publication on the sea level simulator. Considering
the previous two peer-reviewed papers on the framework, the comments below
are mostly minor but would make the paper easier to digest by readers.

General Comments:

A significant part of the paper looks at what one can infer from the simulator
(is the extreme level or SLR level the key driver, at which time horizon, etc),
but it’s not mentioned in the abstract. I think it is a very interesting capability
and a key aspect of the simulator as it will be part of the decision-process a user
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might look at. It should be a bit more highlighted.

A new sentence has been added to the abstract and a former one has been
slightly extended, see L6-7.

As this paper should be viewed as a technical documentation, I think it would
highly benefit from an extended Figure 2 where each step is associated with a
sub-figure showing the raw time serie data, the GEV fits for extreme levels, the
SLR scenarios, the sampling etc. It would really guide the reader. (I would also
use more the word components / modules instead of nodes).

A new Fig 2. has been made with subfigures for many of the steps, and I
now use modules instead of nodes.

“An example probability range is shown in Tab. 1” line 138; it might be
good to have some guidelines for a user in how to choose these probabilities. As
shown in the second part of the paper, they do have an impact.

A discussion and some references about how one can think about these prob-
abilities have been added on L155. Some discussion also exist in the last para-
graph of the manuscript.

I wonder if having another site with a potentially different behaviours or with
different probability for the scenarios could be useful for a reader.

This is the only reviewer suggestion that I object to. The primary reason
for this is that I believe it would be very hard to keep the article as a technical
reference publication. I think it would almost certainly drift towards discussing
interesting questions about how regionally varying oceanographic conditions af-
fect flood risk. This is, of course, an interesting topic, but one that in my opinion
deserves its own article. A secondary reason is that in the Swedish context this
has already been done in Hieronymus & Kalén (2022), where six sites with very
long observational records were simulated.

More extensive comments in the source would be beneficial to the users
(mainly in emulator_ringhals_par.m, example_plot.m which seems to be the
drivers); the associated set of functions are much more commented.

Scripts updated with additional comments are now available in https://github.com/m-
hieronymus/the_sea_level_simulator.

The figures could be improved for better readability: none have a grid, the
labels, ticks, and legends have generally small font size. I also believe showing
the y-axis in term of return period would be more intuitive to a user / reader.
This could be done on the right side with a twin axis for an example. The re-
turn period is stated in the text but shown in figure would be appreciated: “For
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example, a frequency of 104 means that one in ten thousand planning periods
contain a sea level of this height.”

All figures have been redrawn with grids, larger fonts, etc. Regarding the
double axis for return period I did decide to go another way and just use the
term planning period probability everywhere. A justification for this is given on
L200. I believe that using the term planning period probability consistently is
a good way of eliminating the confusion that always exist with return periods
that change in time as a function of mean sea level change. I considered using
a planning period period as the inverse of the planning period probability, but
apart from having a period heavy name, I think it would also be more confusing
than helpful given that the period in question would have to be defined in a
cyclic time.

Specific Comments:

Line 80: “very close to the ideal”; does the model keep its scaling skills for
16, 32 cores?

My test computer only has four cores, but the answer is nonetheless almost
certainly yes. That is, as long as you make a large amount of simulations so
that each worker can get a significant workload. As mentioned in the manuscript
the problem of running these simulations is, in fact, embarrassingly parallel so
simulations can be run simultaneously on different computers and averaged af-
terwards. The overhead related to initialization, loading data and such is really
small when millions of simulations are run.

Figure 2 caption: “is goes”; remove “is”

done.

Line 100: “that reliably captures high frequency sea level variability”; maybe
precise for the reader what “high-frequency” means so they do plug the right data
to the model.

A sentence is added on L98.

Line 127-128: “These two scenarios have also low confidence projections,
where the contribution from the Greenland and Antarctic ice-sheets to sea level
rise is taken from some of the highest projections in the published scientific lit-
erature.” A citation would be helpful here.

Citations are added on L144.

Line 145-147: I find this sentence not very clear.
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It is rewritten, see L166.

Line 157: it could be useful to precise which other distributions have been
tested to know what does and doesn’t work.

I made a note on L178.

Line 161: “This script is easily edited for use with different mean sea level
projections”; can easily be edited ?

fixed.

Line 179: “For example, a frequency of 10−4 mean that one in ten thousand
planning periods contain a sea level of this height.” Replace mean by means

fixed.

Line 183: maybe more “sea” than “ocean”.

fixed.

Line 186: It would be good to reference here some previous studies when dis-
cussing the stratification in the North Sea / Baltic Sea regions. A recent study
I found that could help finding the most appropriate references
https://esd.copernicus.org/articles/13/373/2022/

References are added on L221.

Figure 8: what is the colorbar for? or is it lost in the middle of the dark dots.

I forgot to turn on the shading. The figure is redrawn.

Figure 8: I might misread the figure but why the extreme levels impact re-
duces with longer sea level maximum for different length of planning periods?
Why not constant.

You are reading it correctly. The reason is simply that when the planning
period is short the joint sea level (i.e. mean+extreme) is almost equal to the
extreme contribution. The mean sea level simply does not change that much in
any projection between 2020 and 2050 and the only way to get say a 3 m joint
sea level event is to have an extreme sea level of almost 3 m (a very unlikely
extreme at Ringhals). Conversely, when your planning period is very long, mean
sea level change can be sizeable in many different projections and percentiles.
Therefore, there are many more combinations of mean and extreme in the 2020-
2150 planning period that gives a 3 m joint sea level that contain a large mean

4



sea level contribution and a more average extreme contribution than the oppo-
site.
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Response to the questions of reviewer two
First of all I would like thank the referee for his/her thoughtful comments, time
and interest in the manuscript. I have put the referees comments in italics and
my answers are given in plain text. Moreover, apart from correcting errors and
following suggestions the referees have found. I also found an error of my own.
I had consistently called the AR6 (low confidence) projections (low probability)
projections. This error is now also fixed.

Review Hieronymus. The sea level simulator

This paper describes a simple statistical tool that combines trends in mean
sea level and extremes for planning purposes. The paper is reasonably easy to
access but requires here and there a bit more context to ensure proper use of the
simulator. Below some suggestions for change which are all easy to accommo-
date in my view.

Line 73. A more conceptual introduction to the simulator is needed. You can
not expect the reader to be familiar with Hieronymous 2021 and Hieronymous
2023.

More conceptual introduction has been added to the paragraph starting on
L40 with additional info in the paragraph starting on L57.

Line 75. From the blue sky you start to discuss the parallelization aspects
of the simulator. It is good to mention them somewhere in the paper, but not
right at the start. In the end, being used to using large models, I don’t think the
parallelization is critical for the users to decide whether they use the tool or not.
So please move backward in the paper or to an appendix.

The paralellization part has been moved to a subsection at the end of Sect. 2.

Line 86 define what a planning period is.

A definition is given on L44.

Line 95 Explain in more detail how mean sea level is combined with extreme
information this can be done in various ways. A paragraph of discussion is
needed. In the literature a lot of studies on extreme sea level have long discus-
sion whether a GEV or Pareto distribution should be used and whether joined
variability issues should be treated and which peak threshold are to be used and
what declustering of the data. This is relevant to discuss as for many appli-
cations the GEV is maybe not the best strategy, so make the reader aware or
better, but demanding expand the tool in this direction.

A paragraph is added on L121. It does not go as as far as to implement this
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functionality, but explains how it could be done.

Line 98 please rephrase“is goes”

fixed.

Line 115. If I understand correctly the GEV itself is not changing over time
due to the climate change itself. Probably the only thing you can do, but likely
to be incorrect as well. Most climate variables change in the mean and in the
pdf. So you at least have to create awareness among your readers of this point.

A discussion about, and method for including trends in yearly sea level max-
imum now is discussion on L131

Line 141 you have to mention that SSP scenarios don’t have a probability in
their definition, but you implicitly use a probability that they are equally likely
if I understand correctly, this is not how they are defined

The user is free to choose these probabilities him/herself so they are not
necessarily equal (L5). Additional info about scenario probabilities is added on
L155.

Line 164 rephrase ones?

fixed.

Line 195 That seems a trivial discussion. It is always correct in the ex-
tremes. At t=0 the trend is zero so extremes rule. If t goes to infinity SLR
goes to extreme large values at least for high scenarios and the trend will rule.
Explain this better in forehand and than show your examples where results are
a mixture and both components might be important.

I agree that this is a trivial point in the asymptotic sense of comparing
t = 0 to t = ∞. However, where the simulator is helpful is over much shorter
planning periods than that ending in t = ∞. I would argue that it is not
trivial to determine when the flood risk transitions from being extreme to mean
sea level dominated. Clearly, this is both a location and scenario probability
dependent problem. I will also argue that this type of knowledge is useful and
could be used to improve coastal spatial planning so I think it is an important
point to push. I have now extended the abstract to also reflect this capability
of the simulator.
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