Rebuttal Letter to Editor Comments

Dear Editor,

thank you very much for your very helpful and constructive comments on our original
submission. We considered all your remarks, which - together with the reviewers' suggestions
- lead to a significantly improved manuscript. Below, please find our responses to your
comments.

Overall request: Please better balance the GDGT and HBI parts, and take extra consideration
about the GDGT calibration and subsequent interpretations.

Reply: We now provide a better-balanced manuscript and, considering a different calibration
for subsurface ocean temperatures (SOT), provide and discuss new correlations of GDGT-
derived SOTs against instrumental and model SOT data.

lines 19-20: More recent references?
Reply: We added Etourneau et al., 2019 and Massom et al., 2018.

line 27: Consider more recent references: Khazendar et al., NatComms 2016; Smith et al,
Nature 2017; Rignot et al., PNAS 2019.
Reply: We added the above-mentioned articles + Nakayama et al., 2018.

line 30: How much?
Reply: We now refer to Fretwell et al. (2013) providing an estimate of 3.4 m (ice grounded
on bed below sea level) to 4.3 m (entire WALS) of global sea level rise, if the WAILS collapses.

line 45: You rightly mention diatom degradation as a potential bias to past reconstruction, but
you do not mention biases to HBIs (Belt, Org Geochem 2018), especially the fact that we do
not know how HBIs are transported downward when producers are absent from sediment. An
equal evaluation of all proxies is necessary.

Reply: We rephrased this sentence and added a sub-section (5.2) discussing the roles of
biomarker degradation and vertical transport of organic matter.

lines 103-105: Please present and compare the same metrics in UCDW and LCDW.
Reply: As we do not further address UCDW and LCDW in the rest of the manuscript we
decided to remove this sentence.

line 122-123 T don't understand if you are speaking about the "mean seasonal cycle" or about
decadal changes in the timing of the opening and freezing.

Reply: We accordingly rephrased this sentence to be more clear about seasonal shifts and
decadal changes.

line 182 (equations): no italic
Reply: We corrected this.

lines 214, 216: No italic. Please note that Etourneau et al. NatComms (2019) used a different
equation to calculate SST from TEXL86, with smaller constants. Using such an equation will
probably reconcile very different TEX-SST and RI-SST as presented in figure 5.

Reply: As suggested by Reviewer #2 we now use the calibration by Kim et al. (2012) for polar
subsurface ocean temperatures (and not SSTs).



line 325: You said lines 307-309 that IPSO was low in the Powell Basin. Paradoxical to what
you say here.
Reply: We corrected this.

lines 333-335: In the vicinity of an island, I rather believe that high iron content in water is due
to remobilization of shelf sediments along with runoffs. This is observed in the SW Atlantic
(de Jong et al., JGR 2012) and around any subantarctic island (Blain et al., Nature 2007; Pollard
et al., Nature 2009) where no sea ice is present.

Reply: We now also refer to the studies by de Jong et al., 2012 and Blain et al., 2007.

lines 384-385: Any idea why B are not synthesized around SO Island where Triene Z is? I think
this is worth commenting as this is the main difference between the two ratios in this region.
Reply: We now comment on the distinctly lower concentration of brassicasterol in this
sample.

lines 445-448: Deep SO waters never reach values of 10°C, but rather a couple of degrees. So
deep-dwelling archea cannot produce such high temperatures or the GDGTs produced by these
archea do not fit into the calibration model. If so, a couple of sentences to explain this are
necessary. Conversely, this is a question of calibration and you need to use different constants
(see comment on the equation).

Reply: We now discuss the newly calibrated TEXL86-derived SOTs, which are still depicting
distinctly higher temperatures in the Drake Passage (compared to World Ocean
Atlas[WOA]-derived SOTs) and recommend further calibration efforts (sub-section 5.2).

lines 450-452: As all plots have different ranges, it is difficult to really compare visually. I
think that maps of SST anomalies (WOA - reconstructed SST) would help. At least, in
Supplementary Material.

Reply: We changed the temperature ranges accordingly and now provide maps of SOT
anomalies as supplementary material.

line 464: In 4.1.3, reconsructed SST are compared to WOA and modelled SST. I therefore
wonder why you did not follow the same scheme for sea ice. You may want to consider
merging, and expanding by adding satellite data (fig 2), sections 4.1.2 and 4.1.4.

Reply: We changed the structure of the results & discussion sections accordingly and now
directly consider satellite/WOA and model data for the respective comparison and discussion
of proxy-based sea ice and SOT-estimates, respectively.

lines 567-571: What is the significance of a correlation in which the reconstruction is 7°C
higher, with a ~0.5 slope, than the observation? I expect that more statistical work (RMSEP,
residuals, t-test...) would show it is not significant.

Reply: We fully agree that the still significant overestimation of TEX's¢-derived SOTs in
Drake Passage weakens the reliability of this approach and consequently we now emphasize
this issue in the manuscript, also by including WOA-TEX"s6- as well as WOA-RI-OH -
temperature anomaly plots in the supplementary material. Furthermore, we recommend in
the revised manuscript that more studies focusing on GDGT-synthesis, calibration models
and adaptation strategies of archaean need to be conducted to address this problem.

lines 573-575: How GDGTs produced in CDW of 0-2°C can produce SST as high as 10°C?
Any information in Spencer-Jones 20207
Reply: We changed this sentence accordingly.



line 576: Yes, but at least the SST range is valid.

Reply: We now demonstrate that RI-OH'-derived temperatures seem to reflect SOTs rather
than SSTs and highlight the fact that the RI-OH '-derived temperature range is more realistic
than that of TEX"36-SOTss.

Figures

Fig. 1: Maximum
Reply: We corrected this.

Fig. 5: The figure is misleading as the SST ranges are different in each plot. One may believe
that similar colors represent similar SST, which is not the case. Using the same range for all
plots might be more sensible, though, I reckon, that RI-OH SST might all fall within blue
colors.... Please have a try and chose the best option. Please add core locations (small black
dots) on plot (c) to improve visual comparison to other plots.

Reply: We now use the same temperature range (and colour scale) for all plots and added
core locations.

Fig. 7: I may have missed the information, but why only presenting and discussing PzZIPSO?
What about PgIPSO?

Reply: We emphasize the better correlation between PzIPSO:s values and satellite data and
that we hence focus on PzZIPSO;s for the further discussion.

Fig. 8: If the flyer is not taken into account, a linear regression could be applied. Despite this
regression, there is a large offset between reconstructed and observed SST. The linear equation
would show constants different than 1 for the slope and 0 for the inception. Indeed, the range
of reconstructed SST is twice as large as the range of observed SST.

Reply: As stated above, we now comment on the warm-bias in TEX"ss SOTs. In the revised
manuscript, we show both linear and - following Park et al. (2019) - polynomial regressions.

Fig. 9: I am unsure the HSSW can go up the slope as indicated here. It is formed on the shelf
and feel in the sub-ice shelf cavity. I guess this is what you wanted to show but the arrow
extends too much over the slope.

Reply: We corrected this.



