
Reviewer 1: 
 

We are grateful for the helpful comments of Reviewer 1, which have helped us to improve 
the manuscript. We provide our responses below, embedded in the original commentary. 

 
Skinner et al., present a compila>on of ocean-atmosphere radiocarbon age offset (B-Atm) 
across the last deglacia>on. A Bayesian interpola>on method is further applied to the global 
compila>on to provide interpolated fields as well as globally averaged B-Atm values. By 
performing a suite of experiments with a model of intermediate complexity, the authors 
further assess whether the reconstructed changes in deglacial B-Atm are due to ven>la>on 
changes or atmospheric radiocarbon dynamics. 
 
The manuscript presents a unique and useful data compila>on and tackles an important 
problem, i.e. deglacial changes in the carbon cycle.  It is of high scien>fic quality and well 
wriJen. 
 
1) My main comment is related to the presenta>on of the modelling work and of the some 
results. I am puzzled by Figure 9. I find it very surprising to see such a different CO2 response 
across the different background condi>ons. For example, at BA assuming the symbol gets 
smaller as the forcing gets stronger, there is a linear decrease in CO2 as the SO winds 
decrease. However, no such rela>onship exists at 41ka and the LGM. Can the authors explain 
this? Maybe the colors have been mixed up? In add>on, please clearly state which symbol is 
which (size). 
 

We have updated the figure cap>on to clarify that the smallest symbols refer to the 
control run, and that increasing sizes indicate increasing parameter reduc>ons.  

 
In Figure 9, the range of CO2 sensi>vi>es for the various processes used to drive changes 
in ven>la>on in the ‘deglacial scenario’, is broadly as illustrated in the original Figure 10 
based on PI runs with 2,000 yrs of equilibra>on. As discussed in the manuscript, this 
broad range of sensi>vity is encapsulated in the +/- 50% range that is applied to the 
theore>cal 2-box model sensi>vity (red lines in the original Figure 10).  

 
However, as correctly noted by the Reviewer, divergent behaviour does emerge for 
Southern Ocean winds. Here. the final sensi>vity depends primarily on the >mescale of 
equilibra>on, rather than the background state. We alluded to this on line 541 of the 
original manuscript, but without delving more deeply into the issue. We have now 
remedied this by expanding this discussion (lines 548-556 in the revised text) and 
providing a supplementary figure that illustrates PI sensi>vity tests for different 
equilibra>on >mes (new Figure S1). 
 
The complexity of the response to Southern Ocean winds arises due to the intersec>on of 
impacts from: 1) wind-driven large-scale ocean overturning (and the rela>ve dominance 
of northern- vs. southern deep-water masses); 2) shallow ocean mixing and residence 
>mes; and 3) gas-exchange/piston veloci>es.  The first of these effects is ‘slow’, compared 
to the others. The key point, and the reason for the lack of a clear ‘aging’ with decreasing 
Southern Ocean wind strength in the 42ka and LGM snapshots of the original Figure 9, is 



that an increased contribu>on of rela>vely young North Atlan>c deep water to the deep 
Atlan>c, with reduced preformed ages in the Southern Ocean, dominate the global 
average signal for longer equilibra>on >mes (>~2,000 years). The 42ka and LGM 
snapshots represent the effects of >10,000 years of equilibra>on with reduced Southern 
Ocean winds, where the Atlan>c eventually gets ‘younger’ due to North Atlan>c deep 
water (NDW) replacing Southern sourced deep water (SDW), and SDW leaving the surface 
ocean with reduced ages. The BA snapshot picks up a similar scaling to the 2000yr PI runs 
shown in original Figure 9, because for this snapshot the winds have just started to ramp 
up again to the PI parameterisa>on (leaving only ~2000yrs of equilibra>on), albeit with 
the opposite impact on ‘ven>la>on’ from winds than might have been expected.  

 
I don’t think it is necessary to display Table 2 in the main manuscript. There is a lot of 
informa>on there, that should be simply conveyed in (an improved) Fig. 9. In addi>on, INT, 
FIX and CONST need to be defined in the cap>on of Table 2. 
 

This is a helpful sugges>on: we have moved Table 2 to the appendix (now Table S1), and 
defined the model runs in the revised cap>on. 

 
Fig. 10a: I find it a bit surprising to only use the PI sensi>vity experiments in that figure, 
when the previous figure apparently showed a different sensi>vity of the DpCO2/D14C as a 
func>on of background state. I suppose using the BA would be more appropriate. I am also 
confused as to the necessity of the PI simula>ons. 
 

As noted above, it is not so much the background climate state that maJers in these 
idealised runs, but rather the >mescale of equilibra>on. Furthermore, this only seems to 
apply to changes in Southern Ocean winds. Similar sensi>vi>es are recovered for the 
other drivers regardless of equilibra>on >me.  
 
The PI sensi>vity tests are ‘>dier’, in the sense of including fewer boundary condi>on 
changes.  Indeed, using the ‘snaphots’ from the transient scenarios to illustrate the range 
of sensi>vi>es, would require us to first remove the effects of changing ‘climate’ 
(temperature, salinity, etc.), as well as the ‘aJenua>on biases’ that arise due to implicit 
produc>on rate changes (illustrated in the original Figure 9).  This was the reason for 
performing the PI runs.  
 
Therefore, we propose to retain the PI runs (with 2000 yrs equilibra>on >me) in Figure 10 
(Figure 11 in the revised manuscript). However, as noted above, we provide addi>onal 
context for these, supported by addi>onal PI runs with 5000yrs equilibra>on >me 
included in the Appendix.  

 
2) Conclusions 
 
I find the conclusions a bit unclear. From the abstract L. 26-28, and L. 555-557, it is 
men>oned that “evolving ocean-atm exchange can account for 1/3 of the total GIG CO2 
rise”. Most studies suggest that the terrestrial carbon reservoir was smaller at the LGM than 
during the Holocene. This implies that the deglacial CO2 rise was due to a decrease in 
oceanic carbon, which in simple terms implies regional increase in CO2 outgassing and/or 



reduced CO2 ocean uptake…. therefore ocean-atm exchange… what am I missing here? 
What do the authors mean? 
 

Yes, this is a good point: we have clarified that we are referring to ocean ‘ven>la>on’ 
specifically (we were trying to avoid sugges>ng that ‘ven>la>on’ refers to transport 
changes alone, as is ooen assumed).  The rela>ve contribu>ons of export produc>vity 
changes (e.g. iron fer>lisa>on), ven>la>on effects, and carbonate/alkalinity effects (or 
indeed volcanism etc.), remain to be quan>fied, aoer decades of research on this topic. In 
this context, we believe that our tenta>ve quan>fica>on of the contribu>on from 
ven>la>on effects is quite significant, par>cularly in light of recent studies proposing that 
there was no change in ocean ven>la>on at all between the LGM and the PI.  

 
It is further suggested that “half of the CO2 rise appears to have been associated with the 
BA”. It is a confusing statement, par>cularly in the abstract as lacking context. Can the 
authors more precisely state what they mean? 
 

We agree that this is confusing, in par>cular when dealing with averaged >me-slices.  We 
have therefore changed this line to the hopefully clearer statement: “[The ven(la(on] 
contribu(on to CO2 rise appears to have con(nued through the Younger Dryas, though 
much of the impact was likely achieved by the end of the Bølling-Allerød, indica(ng a key 
role for marine carbon cycle adjustment early in the deglacial process.”  We have tried to 
correct similar ambigui>es throughout the revised text. 

 
3) Minor edits: 
 
L. 86-88: I do not understand the logic in that sentence. 
 

We have tried to simplify the sentence.  The inferences of the Raoer et al. (2022) are 
perhaps a liJle confusing, but it is indeed the case that their study focussed on deglacial 
transport effects on B-Atm offsets. They inferred an increase in North Pacific ven>la>on at 
the LGM, despite also inferring decreased deep Pacific transport overall at this >me.    

 
L. 241: “and” did not consider? 
 

Yes, corrected.  
 
L. 253-256: This sentence is confusing. 
 

We have tried to clarify. 
 
L. 487: Figure 9 does not seem to suggest that the biases are aJenuated for large changes in 
ven>la>on (i.e. no bias change as SO winds are decreased, even if colors/symbols have been 
mixed up). 
 

The idealised simula>ons in Figure 9 cannot show the aJenua>on of such biases, as these 
simula>ons included prescribed atmospheric radiocarbon. We have added a note 
indica>ng this. 



 
Fig. 8: Please provide the la>tudinal boundaries used to define North Atlan>c, North Pacific 
and Southern Ocean. 
 

These have been added to the cap>on. 
 

 


