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Dear Anonymous Referee #2,

we appreciate your valuable comments and suggestions. Please find our answers (in
blue) to your comments (in black) below:

This study uses a simplified numerical climate model to assess the role of different
processes on the last glacial termination. This is an important topic for which many
questions remain. Although it is a good idea to combine data and model to better
understand the changes taking place at the termination, I am not sure the tool used
here is suited for the task. The model, including new changes and shortcomings due
to its simplicity, should be better explained. Other studies have focused on the last
deglaciation with more complex models, this paper should better explain what is new
here compared to previous work. It might need to be re-written in a clearer way.

General comments:

• Model used: I have serious concerns regarding the suitability of the numerical
model used: it’s a simplified model with only one hemisphere, a simple atmo-
sphere (EBM) and no real ocean dynamics. The terrestrial biosphere model only
depends on temperature (not precipitation). Is it enough to draw conclusions on
changes impacting the carbon cycle on Earth based on changes in terrestrial
biosphere and ocean dynamics?

Please see below for the explanations to the specific points made here.

• Methods: Several changes have been made on the model. They seem important
for the study and should not be in the supplementary material, but in the main
text as they are relevant to the results.

Thanks for reading carefully, but we only partly agree here. Some specific points
are indeed missing in the main text and we will include those, however, for the
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sake of readability of the paper would prefer to keep the rather technical parts in
the Supplement. See below for details.

• Novelty: what is new in this study? The permafrost part has not been studied
before, but this is not the main topic of the study (the Southern Ocean) and the
permafrost module seems very simple and is not validated. The other mecha-
nisms have already been studied in the past with better suited models, especially
changes in ocean dynamics with models that better simulate the ocean dynam-
ics (Tschumi et al., 2011; Bouttes et al., 2012; Brovkin etal., 2012; Menviel et
al., 2012; Mariotti et al., 2016). The most interesting and new part is probably
the section on carbon 14 and the role of the production rate, but then the paper
should be re-organised around this, and the new work by Mariotti et al. (2016)
discussed.

Thanks, we will make more clear what the novelties of this study are, we also give
a list of those below. The permafrost section will be extended (see also reply to
ref #1).

• The main process that is studied is the change of mixing in the ocean. But the
model-data comparison only focusses on atmospheric carbon isotopes. Since
the main change comes from the ocean, it would be better to also compare
model-data for carbon isotopes in the ocean.

We believe that comparisons with atmospheric carbon isotopes are to be pre-
ferred since good data for these are available and since they represent global
averages since the atmosphere is relatively well mixed on the time scales we are
considering. But we take your point and now will also include more discussion in
our Sect 2.1 of comparisons with ocean carbon isotope data.
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Specific comments:

• In the abstract (and in other sections) the authors are very vague on the different
processes and mechanisms studied such as p. 1 lines 4-5: “this interplay of
processes” p.1 line 12: “various mechanisms” Could you be more precise?

Thanks, this will be revised to be more precise..

• Can you also be more precise concerning the variables you’re looking at? P.1
line 14: “the atmospheric variations”: what are you referring to?

We will include: ... in atmospheric temperatures, pCO2 and carbon isotope ra-
tios...

• p.1 line 21: “other [. . .] mechanisms“: can you be more precise?
p.1 line 21: ”also contribute to the overall climate change“: are you talking about
the climate change or the changes in the carbon cycle? The same issue arises
several times in the text, there seems to be a confusion between carbon cycle
and climate.

We will be more specific with something like: ”This includes changes in ocean dy-
namics as well as in biogeochemical properties like variations in the phosphate
inventory. Also the variability in atmospheric conditions, such as the dust concen-
tration that has an impact on oceanic iron fertilisation and the radiative forcing,
and terrestrial biosphere changes and permafrost contribute to the overall change
in the carbon cycle and thus in the Earth’s climate system. However, the individ-
ual contributions of these processes and their interactions remain unclear (Ko-
hfeld and Ridgwell, 2009) and a comprehensive explanation for the atmospheric
pCO2 rise across the last glacial termination is still lacking.”

• p.3 line 13: The reference for LGM high salinity should be Adkins et al., 2002, the
one for d13C: Curry and Oppo (2005), not Bouttes et al. (2011).
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Thank you very much for pointing this out, will be corrected.

• p.3 line 22: We HAVE also DEVELOPED a set of functions. . .

Thanks, will be corrected.

• p3 line 23: I’m not sure I agree with the fact that previous studies have looked at
only one mechanism while this one would have a more comprehensive approach.
I think the novelty of the study here compared to previous ones should be better
explained, and specifically what is different here. Other models were already
taking into account different mechanisms (ocean dynamics, biogeochemistry in
the ocean, terrestrial biosphere. . .) with better suited models. The only thing
that seems new to me is the inclusion of permafrost, but very few is said about
it. Other similar work with models that should be discussed: Brovkin et al., 2012;
Menviel et al., 2012; Mariotti et al., 2016. Rather than Bouttes et al. (2011),
the comparison should be with the study on transient simulations (Bouttes et al.,
2012).

We will revise this sentence to read “...rather than concentrating on a subset of
specific mechanisms... .” Furthermore, in our revision we will better describe what
is new and/or different in our approach compared to the other studies. Among
such novelties are 1. simultaneous calculation and presentation of global mean
temperature, pCO2, atmospheric and oceanic carbon isotopes and ocean dis-
solved oxygen concentration. 2. Continuous time series of all these properties
across the “Mystery interval“ and not just snapshots of before and after, 3. A
comprehensive treatment of the role of dust and 4. inclusion of permafrost (see
above).

• p. 4 line 4: Given that this study aims at studying the role of Southern Ocean
processes, isn’t it an issue that the model has only one hemisphere?

This is a limitation of the DCESS Earth System model and as such it can not
reproduce bipolar see-saw like effects. We do discuss this and this is one reason
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why we concentrate on the ”Mystery Interval” (with its evidence for a strengthen-
ing of Southern Ocean vertical exchange) and do not address subsequent see-
saw-like variability (Bølling-Allerød; Younger Dryas), most likely due to changes
in the strength of the Atlantic MOC. Furthermore we note that although the model
only has one hemisphere, the high latitude ocean zone that it does have is not
unlike the Southern Ocean with its wide latitudinal extent and the bounding of it
by land poleward of 70 degrees.

• p. 4 line 6: Is the use of an EBM sufficient to correctly represent the terrestrial
biosphere changes during the termination?

We feel that our new terrestrial biosphere module (TBM) is well dimensioned to
fit in with the other simplified Earth System modules of the model. We do not
calculate precipitation in our model but rather our TBM is based on an emulation
of a complex terrestrial biosphere model (LPJ model) that includes the effects
of precipitation. Our temperature dependence of latitudinal boundaries of veg-
etation zone thus includes implicitly the role of precipitation. In our supplement
we provide a detailed evaluation of the performance of this new module and will
mention this in more detail in the main text.

• p.4 line 8: what are the ”anthropogenic activities“ for the deglacial simulations?
If it’s not relevant for this study it should not be mentioned. Also how are the
volcanism and weathering taken into account for this period?

”...and anthropogenic activities...“ will be removed from this line. One of the fea-
tures of the DCESS model is that it is an open system model that considers
input from weathering and volcanism and outputs from burial. There is no clear
consensus with regard to weathering changes since cooler LGM temperatures
may favour less weathering while lower sea level and exposed shelves together
with the action of the ice sheets may favour more weathering. Volcanism may
have been affected by lowering sea level and ice sheet loading but this remains
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somewhat speculative. Given this state of affairs we have chosen in our paper
to maintain weathering and volcanism constant at the values found for the pre-
industrial calibration of Shaffer et al. (2008).

• p.4 lines 16-27: Does the definition of the three additional zones have any impact
on the carbon cycle (amount of carbon stored, isotopic fractionation) and /or on
climate (albedo. . .) or is it just an output to compare with data? The new changes
are presumably important for the study and might be what is new compared to
others (especially the permafrost): the developments should be included in the
text and not be put in the supplement.

Indeed, the zones have an impact on the carbon storage and thus on climate
(different albedos have not yet been implemented for the sections, though.), see
Supplement Sect. 3.3. We did miss to include that in the main text, thanks for
pointing it out. We will include some new text on this in the revision.
Most of the description of the new (biosphere) developments are rather techni-
cal and hence would disturb the reading flow of the manuscript. Therefore, we
prefer to keep those parts in the Supplement. However, we will add some more
explanation on the parameterisation of permafrost in the main text.

• p.5 line 3: specify which proxy-records

We will be more specific here and mention some of the references that are dis-
cussed below in the section.

• p.5 lines 5-10: could you explain the physical rationale to have such a diffusion
profile with a sharp reduction with depth (apart from changing the mixing), i.e.
why would the mixing be different at the LGM? Given that there is only one hemi-
sphere, is it a problem that you do it for the entire high latitude ocean and not only
the Southern Ocean?

There are multiple lines of evidence to indicate isolated deep water during the
LGM (e.g. Broecker and Barker, 2007, Burke and Robinson, 2012). In the
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real Southern Ocean this may reflect some combination of increased stratifica-
tion at some intermediate depth that would inhibit deep convection and weaken-
ing/shallowing of the deep upwelling. In the context of the DCESS model this can
be addressed with our prescribed diffusion profile. Also see the comment above
on the analogy of our high latitude ocean to the real Southern Ocean and our
reply to referee #1.

• p.5 line 12: Given that the change of the diffusion profile is the main process
studied, it should be explained here and not in the supplement. In the supplement
you do not explain what variables were used to find the best guess profile. This
should be shown (in the main manuscript) with the comparison with data.

In the Supplement we do explain what variables we change to get the best-guess
profile (pa: transition depth). You are right that more should be explained in the
main text as we will do in the revision. For the sake of readability of the main text,
however, we would still prefer to keep the mathematical description of the profile
in the Supplement (see also below).

• p. 6 lines 33-34: Explain the storage of carbon below the ice sheet and in per-
mafrost and what data are used to constrain it.

We will add some explanation on this in the main text too (also see above and
our response to reviewer #1).

• p.7 lines 12-14: can you give the values from the data to compare with the model
results?

Thanks, we will do that and/or refer to table 2.

• Figure 2. Please add a,b,c. . . for each panel. Could you also add the legend
(blue, red, black). The units should be given in brackets. As the goal is to com-
pare with data, can you add the data for the variables for which they exist, such
as the carbon isotopes?
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a,b,c,... and legend will be added.
According to the Standard Institute, brackets around units are only needed if
ambiguity has to be avoided (please see http://physics.nist.gov/cuu/rules.html)
We will try to extract some 13C and 14C data and include it in Fig. 2

• Table 2 and in other places in the text: for oceanic d13C data use Curry and Oppo
(2005), Hesse et al. (2011), Peterson et al. (2014).

Thanks, this will be done.

• Figure 3. Put units in brackets.

See above.

• p.11 line 18: given that the change of diffusion is the main mechanism studied
and most of the results come from its change, it should not be detailed in the
supplement but in the main text.

We feel that there is enough detail in the main text for understanding the concept
of this mechanism, in particular through Fig. 1. It is only the detailed mathe-
matical description that we banished to the Supplement. Hence, for the sake of
readability of the main text, we would like to keep this as it is, however, we will
revise and/or extend our explanations to avoid misunderstandings (see also reply
to ref #1).

• Figure 4. add a,b,c for each panel and units in brackets.

a,b,c,... will be added, units see above.

• p.13 line 2: can you give the changes of carbon stored in the terrestrial bio-
sphere? Is this in line with data and previous simulations? (e.g. Ciais et al.,
2012)
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We will add another figure and some more discussion on this topic (see reply to
reviewer #1). Some information on this is also already given in the Supplement.
Thanks for the additional reference.

• Figure 5 and 6 . add a,b,c for each panel and units in brackets.

a,b,c,.. will be added, units see above.

• p.19 lines 5-6: this is not true anymore, see Mariotti et al., 2016.

Thanks, we will consider this very recent paper too.
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