
We would like to thank Ethan Campbell for his nice words about our work and the 

interesting and useful comments. In order to follow more easily the discussion, his 

points are in italics below, our response in plain text. 

I want to thank the authors for submitting this fascinating work to Climate of the Past. 

The journal allows members of the broader scientific community to comment on 

preprints during the open discussion period. I thought I’d use the opportunity to provide 

a few brief thoughts, which are not intended to be an exhaustive review. As someone 

with a close interest in the Weddell polynya phenomenon (e.g. Campbell et al. 2019), 

I found this study to be particularly exciting. The techniques used by the authors to 

identify the fingerprints of past polynyas in ice core records of surface mass balance 

(among other data) seem well-motivated and promising. Without commenting further 

on the technical aspects of the study, I wanted to share five ideas/suggestions: 

1. Meier et al. (2013) analyze recovered Nimbus I satellite imagery and highlight the 

possibility of a large Weddell Sea opening in 1964 on the basis of a polynya-like feature 

found in their imagery (see their Fig. 5). It would seem that your reconstructions 

(Fig.6b) mostly exclude the possibility of a major, long-lasting polynya in that year. It 

would be interesting to discuss the relevance of your analysis to their findings. 

We are sorry that we missed the reference to the study of Meier et al. (2013) and their 

results will be discussed in the revised version of the manuscript. Meier et al. (2013) 

present indications of the presence of reduced ice concentration in the region of the 

formation of the Weddell polynya in September 1964 but, because of the small number 

of available observations, they state that ‘However, it is not clear if there was a polynya 

at or near the time of the image or just an indication of leads and clouds.’ Our 

methodology is designed to identify large open ocean polynyas, as in 1974-1976. Short 

events have a too small imprint to distinguish them in ice core records. We cannot 

conclude from our results if a polynya was present or not in September 1964, but our 

reconstruction indeed suggests that no event similar to the opening in 1974-1976 

occurred at that time. 

2. Broecker et al. (1999) speculate that deep convection in Antarctic open-ocean 

polynyas must have supplied a greater amount of AABW during the Little Ice 

Age(∼1350-1880) in order to meet present-day PO4* and 14C tracer budgets, with 

cessation of most open-ocean convection occurring during the post-Little Ice Age 

transition(possibly 1880-1945, or ongoing). It should be noted that aspects of this 

interpretation have since been challenged, e.g. by Orsi et al. (2001), who find bottom 

water ventilation rates from CFCs that seem to agree with those inferred from 14C 

distributions. There are also some intricacies involving differences in bottom water 

definitions. Nonetheless, is it possible that your reconstruction could shed some light 

on the conjecture raised by Broecker and colleagues, as well as their interesting 

suggestion that“ventilation of the deep Southern Ocean is episodic rather than 

steady”? 

The potential impact of centennial-scale changes in open ocean polynya formation on 

deep water formation is a strong motivation for our work, as discussed in the 

introduction. Nevertheless, our results do not address specifically this point at this 

stage. We did not want to speculate too much on this subject in the submitted 



manuscript as we had not much specific information to add and thus prefer to leave 

this for subsequent studies. On a more general point, the magnitude of the changes in 

ocean circulation over the past millennium as well as their impact are very uncertain. 

For instance, in a previous study (Goosse 2018), the transport of anomalies by the 

mean circulation in the Southern Ocean has been shown to explain the timing of some 

warm events before the LIA (based on mechanisms similar to the ones proposed for 

the more recent past, see Marshall et al., 2015 or Armour et al. 2016) but I was not 

able to identify a contribution of changes in the circulation.  

3. To the point in Lines 128-130 that “no high-resolution ocean sediment core that 

might provide a direct record of polynya activity is available”: This unfortunately seems 

to be the case, as the most promising cores from ODP Sites 689/690 on Maud Rise 

have rather condensed Pleistocene sections due to low accumulation rates, and are 

possibly too dry at this point to yield useful samples. However, I anticipate that this 

study may well motivate future efforts to obtain new polynya proxy records, such as 

ocean sediment cores from sites with higher accumulation rates at Maud Rise or 

elsewhere. (I have been thinking about this, as have others!). I wonder if you could 

comment on how your method and resultant reconstruction of past polynya events from 

ice core records could complement or inform a similar effort using ocean sediment core 

records, which would likely cover millennial and longer scales, rather than the decadal-

to-centennial scales examined in this study. 

That would be great if our study could motivate the collection of new records allowing 

to refine the reconstructions of past polynya activity. We can anticipate significant 

practical problems, related to the recovery of a high-resolution oceanic core in the 

region, its interpretation, the maybe small overlap with the ice cores sensitive to open 

ocean polynya formation (some of them cover only a few centuries), etc. However, 

there is no fundamental problem to combine different records using the method we 

have applied. This is a very interesting perspective, in particular as the ocean sediment 

core records could constrain the low frequency variations that may be difficult to identify 

from the ice core records and we will mention it in the revised version of our manuscript. 

4. I would be interested in seeing Lines 463-466 expanded to discuss alternative ice 

core chemical proxies in slightly more detail. Past work (e.g. Criscitiello et al. 2013) 

has attempted to reconstruct coastal polynya variability using sea salt aerosol proxies 

and is very relevant here. It might be useful to be specific as to which proxies might 

yield additional constraints on the open-ocean polynya reconstruction. 

The intention in the submitted manuscript was not to go in the details on this point. This 

is the reason why we just cite review studies focusing on the reconstruction of the sea 

ice (or of its absence in the case of a polynya). Without a deeper investigation, it is 

hard to guess which proxy will provide the largest constraint but sodium and chlorine 

content in ice cores (sea salt) are very good candidates. The source of sea salt aerosol 

to the polar atmosphere strongly depends on the condition at ocean surface, 

specifically the presence of sea ice. The formation of an open ocean polynya in winter 

should thus have a large impact on the sea salt transferred to the atmosphere in the 

Weddell Sea. This signal can then be transported to the continent by the winds and 

recorded in ice cores. Although biological activity in the polynya itself may be limited in 



winter, the formation of the open ocean polynya can have an impact of the vertical 

structure of the water column, on light availability, on the nutrient input at surface and 

thus on biological production later in the season (e.g., von Berg et al. 2020). This might 

also be recorded in ice cores, for instance in their Methanesulfonic acid content. Those 

proxies have been used to reconstruct coastal polynyas (e.g., Rhodes et al. 2009, 

Criscitiello et al. 2013; Mezgec et al. 2018). We are not aware of any study analyzing 

the link between open ocean polynya activity and those chemical records, so this 

deserves more investigation. However, as suggested, this point will be developed in 

the revised version of the manuscript.  

5. Resplandy et al. (2018) in Nature, cited on Line 79, has been retracted; the re-

published version in Scientific Reports is Resplandy et al. (2019). 

Thanks a lot for pointing this. We will cite the updated version in the revised version 

of the manuscript. 
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