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We thank the Reviewers for their thoughtful and constructive feedback.

This Response to Reviewers file provides a complete documentation of the
changes made in response to each individual Reviewer’'s comment.
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Reviewers’ comments are shown in plain text. Author responses are shown in
bold blue text.

Reviewer 2

Overall comments: The manuscript reports on an analysis of the ability of thirty CMIP5
models to simulate the distribution of heat within the Earth’s energy reservoirs for the
period 1972-2005. The manuscript calculates the total heat content as it is partitioned
in the ocean, continental subsurface, cryosphere, and atmosphere and relates it to the
TOA imbalance. The findings indicate that models overestimate the heat stored in the
oceans and underestimate it in the continental and cryosphere. There are limitations
in what the CMIP class models can represent — and that is reflected in the fact that
the cryosphere component calculations do not account for the glaciers and ice sheet
melting losses adequately and to some extent the continental component. So, the
results have to be interpreted in that context. The manuscript is an important contri-
bution towards understanding how well they represent the energy imbalance and the
partitioning of heat energy within the earth system. Some comments listed below may
be addressed to improve clarity.

Detailed comments:
1. Line 70: Does “consistently” here mean same period as observations?

Exactly. Maybe that was not clear on the text, thus we have changed "consis-
tently” by "in common" in the new version of the manuscript.

2. Line 73: How about Von Schuckmann? What period are those results from?

We have added details about the temporal period of results in von Schuckmann
et al. (2020).

3. Lines 73-74: How is this scaled? Linear or some other? If there is an increasing
rate of storage, a linear may not be appropriate. This needs a little more elaboration.
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We have scaled the results linearly. Although the increasing in heat content with
time in each climate subsystem is not typically linear, the period of interest is just
three year shorter than the period examined in Church et al. (2011). This means
that we reduce the original heat content in each subsystem by 8%, which is much
smaller than the spread in both models and von Schuckmann et al. (2020). There-
fore, we are confident that the possible error due to scaling would not change
the conclusions of this manuscript, as an increase of 8% in the Ch11 column in
Table 2 does not change the comparison with CMIP5 simulations and with von
Schuckmann et al. (2020). In any case, we have explicitly stated that the scaling
is linear in the new version of the manuscript to avoid confusion.

4. Lines 127-130: This is not satisfactory and not really a good approximation. There
really is no direct way to calculate the heat absorbed by melting glaciers / ice sheets
in the CMIP5 class models - except using offline models. Perhaps this needs to be
discussed in the paper a bit more. The way this is presented in subsequent sections, it
appears to be estimated with the same level of confidence as the other components.

Indeed, this is not an adequate method to estimate the contribution of ice sheets
and glaciers to the cryosphere heat content. And we indicated that at several lo-
cations on the text. Nevertheless, this approach allows us to illustrate the need
of including at least a first order representation of these ice masses in the sim-
ulations, since even considering our inadequate approach, CMIP5 simulations
markedly underestimate the contribution of terrestrial ice masses. We have in-
cluded a more clear statement on the new version of the text.

5. Line 151: What kind of trend from the piControl is removed? Linear or some other
trend?

We use a linear trend for drift correction. The indicated line did not specifically
say so, thus we have changed this line in the new version of the manuscript to
clarify this point.
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6. Lines 246-248: This is not really clear. There are no real outliers in figure 2. So if
there is a point to be made about the discrepancy of specific models, they need to be
identified (on fig 2) which they currently are not.

We refer here to the differences between N and EHC estimates shown in Figure
2a. Indeed, there are no outliers, but it can be seen that not all models present
similar N and EHC values. Some models present large differences between both
terms, which alters the estimated proportion of heat in the ocean if considering
N or EHC as metric for the total heat content in the Earth system. As suggested,
we have indicated the models obtaining excessively different N-EHC differences
in Figure 2a, as well as models showing excessively high and low OHC/N in the
new version of the text.

7. Lines 319-320: What does this mean? Leaving terrestrial cryosphere out of the
ocean heat? Needs to be rewritten.

This means that observations and simulations of the proportion of heat in the
ocean are in better agreement when the contribution from the cryosphere to EHC
is considered as only sea ice melting. This is related to the lack of a represen-
tation of terrestrial ice masses in CMIP5 simulations, and how this biases the
comparison with observations (see comment 4 above). We have clarified this
point in the new version of the manuscript.

8. Lines 325-328: The ISMIP6 project (Nowicki et al., 2016) is a contribution to
CMIP6 designed to quantify and understand the global sea level that arises due to
past, present and future changes in the Greenland and Antarctic ice sheets, along
with investigating ice sheet—climate feedbacks. It is not necessarily to reproduce ice
Greenland and Antarctic sheets.

The reviewer is right, the main focus of the ISMIP6 is sea level rise. Neverthe-
less, one of the objectives of the protocols described in Nowicki et al. (2016)
is to obtain an ensemble of simulations from fully coupled atmosphere-ocean-
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ice-sheet frameworks (Section 3.2 in Nowicki et al., 2016). This approach would
allow to estimate mass loses in both ice sheets, thus allowing to estimate the
heat uptake by ice sheets with a coupled model configuration, typical in AOGCM
experiments. We have clarified this on the text.

Interactive comment on Earth Syst. Dynam. Discuss., https://doi.org/10.5194/esd-2020-88,
2020.
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