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Interactive comment on “A high resolution record
of atmospheric carbon dioxide and its stable
carbon isotopic composition from the penultimate
glacial maximum to the glacial inception” by
R. Schneider et al.

R. Schneider et al.

robert_schneider@posteo.de

Received and published: 5 July 2013

Anonymous Referee #1 Received and published: 28 May 2013 Review of Schneider
et al (CPD).

Specific Comments: (1) Why it is difficult to reconstruct the causes of past changes in
CO2. The authors state the difficulties in disentangling the complex set of simultane-
ous changes that could cause atmospheric CO2 to vary (Line 20 p 216 to line 5 p217):
“Various processes are known to influence changes in the carbon distribution and its
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isotopic signature between the ocean, the atmosphere, terrestrial and marine organic
carbon, reactive sediments and the lithosphere. Multiple processes operate simulta-
neously, and interact with each other non-linearly (Köhler et al., 2005; Brovkin et al.,
2007; Sigman et al., 2010; Fischer et al., 2010; Tschumi et al., 2011) allowing for a
wide range of possible scenarios to explain observed natural changes in atmospheric
CO2. Thus, an unequivocal interpretation of past variations in the global carbon cycle
is difficult.”

I disagree with the emphasis of this paragraph being entirely on one reason: that dif-
ficulty in reconstructing the causes of past CO2 change is entirely down to multiple
processes operating simultaneously and interacting non-linearly. While the simulta-
neous and non-linear interactions undoubtedly do not help, a recent study (Goodwin,
Oliver and Lenton, 2011 in GBC) showed that the way in which the proxies combine to-
gether can be key to allowing an accurate past reconstruction. In the paragraph above,
the authors should state that the way in which the available proxies combine together to
constrain the system is important for determining how difficult it is to make an unequivo-
cal interpretation of past variations in the global carbon cycle. For example, if there are
adequate proxies that allow a well-conditioned reconstruction of the processes you are
considering, then an unequivocal reconstruction of past carbon cycling is difficult but
still possible. However, if the available proxies combine to only allow an ill-conditioned
reconstruction then an unequivocal reconstruction of past carbon cycling is impossible.
For these reasons I think the authors should say that the extent and nature of the prox-
ies available helps determine how difficult it is to find an unequivocal interpretation of
past variations in the global carbon cycle.

We agree with the reviewer comment that it is not only the multitude of processes
involved but also that the measured parameters do not constrain sufficiently the so-
lution. In this context we would prefer to speak of insufficient constraints than of ill-
conditioned reconstruction. This is not so much due to the data quality (as neither CO2
nor d13Catm are proxies, but direct atmospheric measurements) but due to the way
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they are coupled in the carbon cycle. We agree with Goodwin et al, that a good recon-
struction of global d13CDIC represent a most important target for future research. In
our revised manuscript we now point out the insufficient constraint provided by the data
available and cite the paper by Goodwin et al. (2011) in the corresponding paragraph.

(2) Motivation for measuring d13Catm and the information it provides: The authors
state the specific motivation for measuring d13Catm: “The stable carbon isotope sig-
nal of atmospheric CO2 (_13Catm) represents a valuable tool to constrain processes
affecting the global carbon cycle. Scrutinizing the potential processes and their contri-
butions to the observed CO2 variations, using long-term _13Catm data sets represents
an objective way to analyse the carbon cycle of the past.” I disagree with the emphasis
here because d13Catm is a multi-proxy: its value is affected by multiple processes.
Therefore, it is not very useful to measure in isolation (because no multiproxy is very
useful to measure in isolation). Re-stating this, it is necessary to measure many differ-
ent proxies, but none are necessarily better than the others on their own. Again, it is
how the proxies combine together to help disentangle the system that is important. The
authors could improve their motivation for measuring d13Catm by stating that d13Catm
provides a valuable tool, when used in conjunction with other proxies, to help disentan-
gle the complex simultaneous set of processes affecting the carbon cycle in the past.
Important for motivating measurements in d13Catm is it reacts differently than mean
d13Cocean to ocean biology. This allows terrestrial and ocean biological signals to be
disentangled if both d13Catm and d13Cocean are measured.

We added the remarks to the corresponding paragraph.

(2) Holocene CO2 rise Section 5: p2041 line 22 to p 2042 line3 – When discussing the
rise in CO2 during the Holocene, the authors should also see Goodwin et al, (2011)
GBC which presents an assessment of all the processes that are data-consistent with
the Holocene rise in CO2. It also shows how important d13Catm is for constraining the
Holocene rise in CO2.
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As outlined above we agree with the reviewer that the data constraint is not sufficient to
unambiguously constrain the subtle carbon cycle changes during the Holocene. How-
ever, this time period is not the focus of this publication. The changes in CO2, d13Catm,
d13CDIC and temperature over the glacial/interglacial termination are much more pro-
nounced and provide better constraints for the respective changes in the carbon cycle.
However, as pointed out in our manuscript, they still do not allow for a unique scenario
of the sequence of events in carbon cycle processes.

(3) Statements of accuracy rather than data-consistency: P2033 line 11: “In summary,
taking into account CO2 and _13Catm data, essentially the same processes have been
active during Termination II as in Termination I but with different strengths, different rela-
tive timing and from different starting conditions” This is too strongly worded, indicating
that the following described sequence (lines 14 to 20) is known with greater certainty
than is possible from CO2 and d13Catm alone. Firstly (and most importantly), the sys-
tem is not adequately constrained from CO2 and d13Catm – because there are more
than two potential processes to be analysed from only two proxies to measure (The
authors later recognise this p2033 line 27, but it should also be alluded to in wording of
above sentence). Secondly, I am not sure that the then described sequence is pinned
down with certainty for Termination I – although it is likely as a leading contender in the
literature. I would suggest re-wording to state that the CO2 and d13C data are consis-
tent with the same processes having been active during Termination II as Termination
I, but with different strengths, timings and starting conditions. The current wording sug-
gests that a conclusion is accurately known from the proxies, the suggested change
indicates that the same conclusion is data-consistent with the proxies. I think the au-
thors have shown the data-consistency of their conclusion, but not shown that their
conclusion is necessarily accurate.

We adapted the wording.

Abstract: "Our isotopic data suggest that the carbon cycle evolution along Termination
II and the subsequent interglacial was controlled by essentially the same processes
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as during the last 24000 yr, but with different phasing and magnitudes." I think the
isotopic data is ‘consistent with’ rather than ‘suggests’, but this is more subtle than the
other examples. If in the main manuscript the issues surrounding the data consistency
versus accuracy are made clear, then ‘suggest’ would probably read fine here.

After rewording of the above paragraphs, we kept the original wording here.

Technical Corrections: (1) There is an o Ì′L immediately prior to the word ‘Accumulation’
on line 26 p2026.

corrected.

Interactive comment on Clim. Past Discuss., 9, 2015, 2013.
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