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Langeboek and Nisancioglu present an analysis of 6 LIG climate simulations together
with a model-data comparison focussing on the role of changes in insolation and
greenhouse gas concentrations respectively, on the role of seasonality and on the
timing when maximum LIG warmth occurred. Especially the seasonality aspect and
the focus in the model-data comparison on the North Atlantic region is an important
addition to previous work and makes the manuscript worth publishing in my opinion.
Furthermore they present a number of interesting findings. For instance the simulated
changes in the subpolar gyre and its impact on the local sea surface temperature

C1789

evolution; that greenhouse gas concentrations alone might explain the reconstructed
early LIG colder climate; and the simulated early LIG peak summer warmth in the high
southern latitudes in contrast to the local summer insolation peak.

However, I do have a number of concerns that I would like to see addressed
before publication.

Main concerns:
Section 3.1 Since a number of studies (like Lunt et al., 2013) have presented LIG
snapshot simulations previously I think a more thorough comparison and discussion
should be included.

Section 3.2 A comparison is made in figure 4 between reconstructed SSTs at different
North Atlantic sites and simulated monthly temperatures. The fact that monthly values
are used rather than summer mean values like JJA makes that this manuscript goes
more into depth than previous studies. However, in section 3.2 only JAS values are
discussed. Please describe the important differences between the different months;
specify and discuss which ones fit to the reconstructions and which don’t.

4457.17 According to Figure 4 the impact of including early LIG GHG values in the
simulations is rather limited ( 1 degree at most). Is that sufficient to explain the lower
early LIG temperatures as described for instance by Govin et al. (2012)? Furthermore,
the word ‘significant’ will make the reader wonder how you calculated this significance,
at what confidence level etc.

4458.19 The model-data fit of the peak LIG warmth as shown in Figure 4 is quite
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fascinating in the sense that at site CH69-K09 the simulated August and September
temperature maximum is indeed later in comparison to the other sites, in good agree-
ment with the temperature reconstructions. However, according to figure 5 this might
well be strongly linked to the fact that this core site is located in the ‘feature’ described
by the authors on lines 4458.16-21. In my opinion it is because of this importance
for the model-data comparison that this feature should be explained and discussed
more thoroughly because it raises many questions like: How do the authors know that
it is a expansion of the subpolar gyre that causes the temperature change? What
causes this expansion of the subpolar gyre? If the separation of cold and warm water
is shifted southeast, wouldn’t you expect both a cooling and warming signal instead
of only a clear regional cooling? Is the change in gyre configuration connected to
changes in the AMOC? How model dependent is the simulated change in the subpolar
gyre and therewith the good model-data fit? Is there other proxy-based evidence for
such subpolar gyre changes? How do the changes relate to the inflow of warm water
into the Nordic Seas?

4459.14-28 The authors describe peak summer and winter warmth over the Southern
Ocean and over Antarctica. The simulated early LIG summer peak is intriguing since
it appears to be in good agreement with proxy-records but it is different from the
results of the model inter-comparison published by Bakker et al. (2013). Assessing in
what way and why the simulated temperatures by NorESM are different from previous
studies would in my view be a great addition to the manuscript (different model set-up?
Forcings? Feedbacks? Analyzing method?).

4459.23-28 I find this section (and therewith also lines 4461.4-6) somewhat confusing.
Please clarify how a negative early LIG summer (DJF) insolation anomaly at high
southern latitudes (Figure 1) can result in winter warming and how that in turn can
explain the early LIG peak summer temperatures. Doesn’t it appear from figure 1 that
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the positive early LIG spring (SON) anomaly should play a role in explaining the early
LIG summer peak warmth at high southern latitudes? Finally, please be more specific
on how the processes in the Southern Ocean region feedback on the adjacent land
(Antarctica). Related to this, could the authors explain the large high southern latitude
temperature difference between ocean and land at 115ka (Figure 6).

General questions:
4456.17 Does this mean that the positive feedback from melting sea ice in summer is
stronger than the negative feedback related to winter sea ice growth?

4457.25 A reduced inflow of relatively warm Atlantic water into the Nordic Seas is
mentioned. But is this found in the simulations? Or in proxy-based reconstructions?
Related to the previous question. Bakker et al. (2013) describe large differences in the
evolution of the AMOC among different climate models. What are the characteristics
of the AMOC in the NorESM simulations and do they change between the different
snapshots? How does this in turn relate to the changes in Atlantic water inflow and
subpolar gyre mentioned in the manuscript?

On page 4457 Langebroek and Nisancioglu describe a good fit between simulated
and reconstructed temperatures. How does this relate to earlier findings by for
instance Lunt et al. (2013) who describe an overall poor model-data comparison? Is
this difference related to the specific regions chosen in this study? To the types of
temperature proxy used in the different studies?

4460.1-4 Does this finding implicate that including ‘more realistic’ GHG concentrations
in LIG simulations results in a larger disagreement with proxy-reconstructions that
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show an early LIG temperature peak over Antarctica?

Minor comments: (page.line)

Abstract: Please make more clear in the abstract what the goal of this research is.
4450.7 and 4457.11: On several occasions the authors mention that during the early
LIG GHG concentrations were low. This is indeed true for 130ka and, to a lesser
extent, 125ka but around 128ka a maximum in CO2 is found (Luthi et al., 2008).
Please be more specific.

4450.20 ‘the fit’, please be more specific.

4450.22 Clarify why these two are exceptions.

4450.25 Please specify how relatively warm winters relate to the Southern Ocean
austral summer peak temperatures.

4451.6 Clarify for the reader what difference it would make if a warming is forced by
changes in insolation or GHG concentrations.

4451.26 The model inter-comparison study by Lunt et al. (2013) includes simulations
performed with the NorESM model. Please mention this and clarify if these are the
same or that there are differences in the model, in the experimental set-up and or the
model results.
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4453.3 and 4453.17 Please look carefully if such details are relevant for this
manuscript.

Section 3.1: Please quantify the described changes in insolation and temperature.

4455.20-4455.22 I do not see the described evolution of SH insolation in Figure 1.
Please clarify.

4456.2 Global temperatures are mentioned but are these also shown?

4456.12 this 23 ppm only relates to CO2 and not to GHG in general, please be more
specific.

4456.22 Discuss the strong SST decrease in most of the cores after 116ka.

4457.19 It is important to note that this temperature reduction by lower GHG values
is valid for 130ka and 125ka but not for 129-128ka, a period with higher GHG
concentrations.

4457.27 Please give references for the claim that SSTs can be too high.

4458.1 For some of the core locations, the model-data comparison reveals a clear bias
(as described on 4457.22) but is this bias likely to be explained by the calibration error?

4458.5 I would be careful with a reasoning like this because indeed taking into account
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the uncertainties in simulated and reconstructed temperatures make for a reasonable
model-data fit, but wouldn’t that also imply that then most any simulated temperature
evolution will likely fit to the data?

4458.9 Could you provide a reference to this habitat depth issue? Maybe also refer to
the recent findings by Lohmann et al. (2013).

4459.14 Please clarify ‘large-scale phenomenon’.

4459.5 Can the authors explain a bit more what they used as reference values and
how the mean variations have been calculated?

4459.12 This ‘slightly earlier maximum (120ka)’ is not easy to see in Figure 6.

4459.13 In this section the peak summer warmth is described for different regions but
I think the authors should make it more clear that there are actually large differences
between the different summer months as is illustrated by Figure 4 (see also the main
concern about section 3.2).

4459.14 Such a late winter peak is not found over the high northern latitude oceans
according to Figure 6.

4460.21 Maybe specify which month instead of ‘summer’ since the difference between
the different summer months appear large.

Figure 2:
C1795

Why have absolute temperatures been used in figures 2 and 4 and temperature
anomalies in figures 3 and 5?

Figure 4:
I find the lines representing the simulated temperatures somewhat misleading since
they represent only 4 ‘dots’ based on the snapshot simulations. Maybe show both the
actual dots and the lines? Maybe for both the data and the simulations present-day or
pre-industrial reference values can be depicted to clarify for the reader if temperatures
were above or below present-day.

Figure 6:
The colour coding and the applied normalization procedure nicely show high and
low temperatures and insolation values. However, it appears that the normalization
has also caused in a number of occasions the sign to change. For instance, DJF
130ka insolation at high southern latitudes appears positive in Figure 6 but negative
in Figure 1. I do not think that a normalization procedure should make values change
sign. Another somewhat strange feature is the monotonic southward increase in JJA
insolation for 130ka depicted in Figure 6 which is rather different from Figure 1 showing
an increase from 90N to the equator and then a decrease towards 90S.

Technical comments: (page.line)
Be consistent with using abbreviations throughout the text. If the LIG is introduced
on 4450.2 and 4451.2 then use it in the remainder of the text. The same holds for
instance for ‘GHG’.

Often the word ‘our’ is used but perhaps it is better to use a more general formulation.
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4450.10 ‘in two simulations additionally GHG forcing was’, please rephrase this
sentence.

4450.14 ‘compare our modelled results’, please rephrase this sentence.

4450.16 ‘Our modelled’, please rephrase this sentence.

4450.17 ‘trend of the proxy summer temperatures’, maybe use ‘reconstructed’ summer
temperatures.

4450.19 ‘computed by the simulations’, please rephrase.

4450.22 ‘follows’, maybe use ‘is in line with’.

4451.4 Not sure if the plural form should be used here. Maybe use ‘by a warm high
latitude climate’.

4451.13 Please rephrase.

4453.25 LIG already mentioned.

4454.1 mentioning ‘atmospheric greenhouse gas concentrations’ and ‘CO2, CH4 and
N2O’ seems a bit redundant.
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4454.10 130 ka, respectively.

4454.15 ‘(from model year 495 to 1000)’ is maybe a bit too specific.

4454.15 ‘new’, maybe reword.

4454.23 Reverse order in 115-130.

4455.19 and 4455.24 and 4456.4. Perhaps it is confusing for the reader that the
meaning of ‘late LIG’ is not consistent throughout the text.

Figure 4: Perhaps use Reconstructed and modelled instead of proxy and modelled in
the figure caption.
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