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In this study the authors set out to demonstrate that climate sensitivity was different
during times of glaciation, than during times of deglaciation. They do so on the basis
of a number of statements and assumptions, which unfortunately reveal a considerable
lack of study of the relevant literature, and they arrive at a result that is not tested for
robustness because input uncertainties are entirely ignored. Moreover, the interpretation of results is described in vague and speculative terms, without any testing, and
without evaluation of the extent to which the inferences are a result of the uncertainties
(because these were ignored). The writing is assuming a lot of pre-existing knowledge
and understanding of the topic, or a major amount of reading of literature (including
literature not referred to): the paper definitely is not a stand-along effort, which I don’t
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understand given that the journal is not imposing space limitations. Proper embedding in existing literature, introduction of concepts and definitions, and discussion of
uncertainties and their propagation would be a must with this study.
But first of all: what is the study trying to establish? That glaciation and deglaciation pathways have different climate sensitivities? – Why is that important? The
introduction doesn’t tell us. – Also, is it novel? The introduction doesn’t tell us. –
Does it make a difference relative to other studies of state dependence? Effectively,
this paper only diagnoses a difference, and doesn’t really address why it might exist,
whereas existing state-dependence work diagnosed the difference and at least evaluated why it might exist by considering the various forcings/feedbacks (among many
others: Palaeosense, Nature 2012 with extensive detail in the Supplement; Köhler et
al. Clim. Past, 2016; Köhler et al. Paleoceanography 2017; Köhler et al. Geophys.
Res. Lett. 2018; von der Heydt et al., Geophys. Res. Lett. 2014; von der Heydt
et al., Curr. Clim. Change Rep. 2016; von der Heydt and Ashwin, Dyn. Stat. Clim.
Sys. 2016; Goodwin, 2018 Earth’s Future, and many more. Some referred to in this
study, and many not referred to at all). – Does it present more robust documentation
of climate sensitivity state dependence? Well, it might have done, but it doesn’t. First,
the detection method here still uses an arbitrary subdivision of glacial cycles, albeit
not between glacials and interglacials, but between “glaciation state” and deglaciation
state”, but it does so without giving a firm rationale why that might give a better view
of state dependence. Second, the cut-off points between states are rather arbitrarily
chosen: local minima and local maxima in CO2. . . Glaciation state, does that not refer
to glaciation (i.e. ice-volume change) anymore? Since when is CO2 a measure for
glaciation state? Sure, it may be a proxy for glaciation state, but why not go for a measure of the actual climate state change, rather than one of the forcings/feedbacks? Or
at least evaluate if that gives a different answer or not. . . Moreover, the choice of “local”
extremes is not explained. Local in what sense? Over what sort of timescales? And
why are extremes a good choice, given that they may be extra sensitive to outliers?
What happens if glaciation state is determined on the basis of first time derivatives?
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Some smoothing/timescale of consideration will need to be decided for that also, and
that would also need to be argued. None of that is even discussed here. We’re simply
confronted with hand-picked boundaries to allegedly different glaciation states. This
opens the analysis up to major bias from subjective choices, and I suspect that that
might be one of the problems that determines different sensitivity before and after the
MBT at ∼425 ka. Or at least that it might be at the heart of that change – it’s something
that should have been investigated. Third, no account is given AT ALL of uncertainties. Both in terms of forcing, temperature, and age models. Nothing. . . How is that a
complete analysis? What are the uncertainties involved, how do the uncertainties propagate, and – importantly – why would ordinary least squares analysis be appropriate,
if there are uncertainties in X and Y? From mathematicians, I would expect extensive
exploration of this issue, and a complete presentation of Total Least Squares analyses
as well. And then all the uncertainties propagated, both in the analyses, and in the
T(556) projections. And then an analysis of whether the different values found are really different, and what the statistics of those comparisons are. But there is nothing like
it. . ..
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Overall, this is a paper addressing a problem that is rather well investigated, without
referring to key studies. It is doing analyses that might compare favourably with those
in the literature (although I would argue that they don’t), but which are substantially
below par for mathematicians who do nothing more than diagnosing some values (i.e.,
there is no real effort to come to a sound explanation, apart from some rather vague
waffle in a paragraph at the end).
And to put a final nail in it: the Palaeosens study worked out a mathematical framework
for reporting S. In this study, there is no reference at all to that, and this means that
we’re back to the 1990s in terms of definitions. That is, there is no real definition used,
and where a choice is made (the study works in S[CO2] space), it is not argued why
that’s an appropriate one for the context studied. In fact, on palaeo timescales, most
if not all slow feedbacks behave sort of like forcings. But especially the carbon cycle
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feedback will have fast components too, which means that they behave like feedbacks
(See Rohling et al., ARMS 2018). We cannot distinguish the proportionality between
these types of behaviour, and palaeostudies have no choice but to consider all carbon
cycle changes as slow feedbacks, which are then dealt with as forcings when working out the climate sensitivity parameters. Yet working in terms of S[CO2] only, vastly
different T-change values will be found through time because of different influences of
the slow ice-albedo (and even vegetation-albedo) changes (Palaeosens 2012). There
are issues in evaluating slow feedbacks over relatively fast (millennial-scale) events,
because the system may on those timescales not reach full equilibrium T response.
Rohling et al (2018) demonstrated this in hypothetical scenarios, and suggested that
elevated values of palaeoclimate sensitivity might be found in such cases. Interestingly,
this study finds elevate sensitivity during deglaciations (which include a disproportionate amount of time covered by millennial-scale “see-saw” climate events), but there is
just no discussion at all to assess whether this is a signature of the nature that was
predicted. It all comes down to working in terms of CO2 forcing only, which for palaeo
scenarios is not appropriate; certainly not if comparisons are to be made to modern
climate change, which this study does with T(556). This is because the mathematical
equivalence of palaeo S with modern or actuo S requires that all slow feedbacks are
treated as forcings (Palaeosens, 2012). I find it an even worse affront to the major effort
on climate sensitivity that has gone before this study that the classical palaeoclimate
sensitivity studies of Jim Hansen are omitted entirely, while even Charney’s classical
work on climate sensitivity goes uncited. More specific comments: Line 16: "The climate sensitivity parameter S is somewhat loosely defined in the literature (Myhre et al
2013)." Yeah, well, maybe read a bit more around the subject before copying such a
statement. Look at Palaeosens, and then ensure that your work is at least at some
stage comparable with the definitions in there. Those are not loosely defined.
Lines 23-24: “The lower is Rˆ2 the more of the variation in Delta-T must be attributed
to factors other than Delta-FCO2.” Maybe, but high Rˆ2 can also be attributed to processes that covary closely with CO2, which is commonly the case in palaeo-records
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because everything co-evolves. And nobody knows how the causal relationships run,
except that there are tight feedbacks between all of the parameters. So it’s wrong to assume that a high Rˆ2 is proof of attribution to Delta-FCO2, or in other words it’s wrong
to think that CO2 is the forcing here. . . all slow feedbacks are equally important as
forcings, and the impact of land-ice albedo change cannot be attributed to Delta-FCO2
(one can also argue it the other way around). Finally, orbital forcing – what process
does it kick off? Do we know that? Or is all we know that it kicks of multiple tightly interwoven feedbacks, and that all slow feedbacks together determine the effective forcing
to be considered in paleoclimate sensitivity assessment? I think the total avoidance
of that discussion, and the total overlooking of other slow feedback “forcings” belies a
highly simplified view of the world, which sort of invalidates the core of the assessment
made here.
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Line 46: Here the “climate sensitivity parameter” is dropped on the reader in line 46,
but its definition is not given, and neither is its relationship to other climate sensitivity
definitions. The text is merely a statement stack about climate sensitivity work, but does
not provide any coherence about which definitions were used, how things compared,
and so on. . . This is, overall, not an introduction to the problem, but merely a random
statement collection that ignores a great wealth of research, and which does not work
out the progression made through the various studies cited. How was the discussion
advanced? What roadblocks were encountered and how were they overcome, or how
does the present paper overcome them?
Line 39 and others “the dataset”. Dataset for what? T? CO2? Ice Volume? All? It
would be nice to get some more specific writing included throughout the paper, so the
reader isn’t left guessing so often. Another example would be “observational stidues”
in line 43. Of what? modern? historical? palaeo? Or in Line 44, “combined with
observational and modeling CMIP5 constraints” – what does this mean, that CMIP5
constraints have been modelled? Or that constraints from CMIP5 models are used?
Grammar and precision of writing matter for ensuring that the meaning of arguments
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comes across clearly. Or line 50: “non-linearity of CO2 forcing is said to depend on the
CO2 data.” What does that mean? That the data are not good, so that there is a nonlinear artefact? Or that different CO2 records give different non linearities? How would
that work, given that all CO2 records would be transformed into radiative forcing with
the same logarithmic function? Or lines 51-52: “The need to distinguish actuo- and
paleoclimate sensitivity over different time scales is emphasized (Rohling et al 2018).”
Why drop that in here. This is part of the problem I highlighted before; the introduction
is just a collection of statements, without (obvious) coherence. So what if that study
said so. What does it mean for your study (I can think of some issues, as highlighted
in my statements above). What do you do with it? Why is it important? And exactly
the same questions apply again to the next random statement: “Averaged glacial and
interglacial climate sensitivities are estimated (Shao et al 2019) using Earth system
model simulations of the Last Glacial Cycle.”
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Line 68 “given the variations in S” – which variations in S? The ones you find in the
following? If so, then isn’t it a bit weird to here reveal a major implication of the study
in the introduction already; in that case this sentence belongs in the discussion, no?
Or perhaps this statement actually refers to previous work? In that case a reference
seems needed.
A reference or references are needed for equation (1) – that is not your work.
In equation 3, S is not the “climate sensitivity parameter” as stated in line 89. Instead
it is well-defined defined as S[CO2] in Palaeosens. It is the specific climate sensitivity
parameter S[CO2], which refers to Earth System Sensitivity (not climate sensitivity).
In Earth System Sensitivity, all T change is considered relative to only CO2 change.
In climate sensitivity, the master term is that defined by Charney et al for modern climate, and specifically equilibrium climate sensitivity. To obtain the equivalent from
palaeostudies, S[all slow feedbacks] is needed, which can be closely approximated by
S[CO2,LI,VG], and still acceptably by S[CO2,LI] (e.g., Palaeosens 2012; Rohling et al
2018 ARMS). This goes to the heart of the present paper: it’s not well defined, and
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does not consider all forcings.
Line 95 and throughout. I am concerned about the level of precision reported (S and
Delta_T to 3 decimal points), without any effort to discuss uncertainties and how these
propagate into the answers - and how they affect the conclusion of different S for
glaciating and deglaciating pathways; or whether the various uncertainties still allow
sensible results from OLS regressions, or whether TLS regressions are needed.
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Lines 111-112: “In this data, setting B = 0 inflates the S values and suppresses the
differences over different partition elements.” What partition elements are you referring
to? The ones to be discussed in the next section? If so, then this sentence is out of
place, and belongs in the next section. Or else the partitioning needs a bit of an intro
here.
Line 116: simply write out “respectively.” This is not a space-limited journal where
abbreviations are needed.
Line 117: Why do you use CO2 to infer glaciation? Glaciation state refers to ice volume. By selecting it according to CO2 changes, you imply that CO2 is the cause or
an immediate responder to glaciation state changes. This may be right (or right by approximation), but based on slow feedback processes it may just as well be wrong over
timescales of a few thousand years. Moreover, you must assuming that the age difference between global T reconstructions and CO2 reconstructions is perfectly known.
These are simplifications/ assumptions that need evaluation.
Line 120: “inception of MIS 11.” This wording is confusing. Inception is commonly used
for glacial inception. But here it is used for interglacial inception, which is commonly
referred to as glacial termination. So, it may be technically correct, but still is confusing
because of discipline-specific choices.
Lines 120-121: “the Earth’s climate system changed around the inception of Marine
Isotope Stage 11 in 424 kaBP, midway between a glacial maximum and a glacial miniC7
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mum.” Changed in what sense? What happened? Any references? Hint: do a search
on “Mid-Brunhes Transition.”
Line 124: “the results show..” Which results? The ones in Figure 2 as called in line
127 (which should be Figure 3), or those in Table 1, which was the last thing you were
discussing? As presented, this is not clear.
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Line 125: now we’re even in 4 decimal point precision. . . Do the math on uncertainties,
and propagate them to your answers. Then report in sensible terms w.r.t. how robust
the results are.
Line 126. Why T(522) here, when you were using T(556) everywhere else?
Line 127. I think Fig. 2 should be Fig. 3.
Line 131. Three quarters instead of three fourths?
Line 132. “The interpretation is that during glaciation factors other than CO2 account
for the variation in Delta-T.” Such as. . .? It all looks rather incomplete and ignorant of
the very detail of the Palaeosens framework, and all the different “forcing” studies of
Hansen, as well as Koehler et al (2010), Masson-Delmotte et al (2010), Rohling et al.
(2012), and many others (several listed above in this review, and also to be found under
authors such as van de Wal, von der Heydt, Stap, de Boer, and many many others (I
don’t feel called upon to do your literature search for you). These all indicate (and
partially resolve) the “other factors” acting through time. Why not use that, and work
up some tests of your findings? Why leave it hanging after a very simple regression
exercise, and not push ahead toward a better understanding of the climate system? As
is, what is this paper actually adding?
Line 134: “A more recent study.” More recent than what?
Line 156. Actually, to really advance the debate, regressions should not use one independent and one dependent variable. We have uncertainties (considerable ones!)
in both X and Y. These should be taken into account, and a Total Least Squares reC8
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gression should be used. Uncertainties should be properly propagated, and answers
should be considered within context of these uncertainties.

CPD

Lines 156-158: “Extending previous analyses of Pleistocene climate data of (MartinezBoti et al 2015) and (Snyder 2019), one key finding is that imposing a zero intercept
tends to mask differences between the climate sensitivity parameter in different subsets
of the Pleistocene data.” As written, this sentence strongly suggests that the previous
studies imposed a zero intercept. That is a misrepresentation.

Interactive
comment

Lines 165-167: “During glaciation the retreat of plants would tend to retard the cooling
and slow the glaciation process. During deglaciation the advance of plants would tend
to retard the warming process.” This is sloppy writing. Retreat and advance in what
sense? Poleward? In terms of altitude? Both? And these vegetation changes need
to be considered separately in the Palaeosense framework. And they do not respond
only to carbon fertilisation, but mainly to T and humidity. But more importantly, this sentence represents mere unsubstantiated guesswork. It, in a primitive manner, reinvents
the reasons why we need to correct for “forcings” due to the slow carbon-cycle and
land-ice albedo, and vegetation feedbacks. If the authors would get more involved in
palaeoclimate sensitivity definitions and previous studies, then they would have found
ways by which to evaluate their supposition here.
Paragraph 162-175. This is just a summary of statements plucked from the literature,
with little coherence or attempt to test the various proposed influences in the context
of the analysis done in this manuscript. Work it out properly. Find out which effects
are potential players, and by how much they could affect your result. The various
influences that can be accounted for must be accounted for (see Koehler., 2016 for
state dependence assessment under that approach; and see also Palaeosense and
especially their Supplementary [notably Figs 4-6]).
Lines 179-180: “Such effects have been attributed to changes in orbital forcing, though
a detailed understanding why heightened forcing raises climate sensitivity has not, to
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our knowledge, been found.” Have been attributed – by whom? References are in order
here. And attributed how, and in what sense? Furthermore, in what sense was orbital
forcing “heightened” Do you mean to say orbital insolation was stronger after 424 ka?
Well, maybe show a record to demonstrate this then? Why does this manuscript stay
so thin on the details all of the time? Why are the other slow feedbacks ignored, why
is orbital forcing not shown or at least discussed? This is not a space-limited journal.
Show us what you intend to say.
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The very final paragraph is just jargon-filled waffle; it says very little in specific terms.
Maybe the authors have an idea of what they mean to say here, but they certainly don’t
manage to communicate it in terms of an executable pathway for further research. In
addition, I would again argue that the authors should first do some proper statistics,
using uncertainties in X and Y, and propagating uncertainties from all input parameters
to see if their perceived differences are statistically robust or not. They should also do a
proper search of the literature, and express their work in a proper context of definitions
of terms as has been laid out for palaeoclimate sensitivity - notably in Palaeosens.
They also need to address the general ignoring of knowledge in the literature about the
need to account for different slow feedbacks (which in palaeoclimate context present
themselves as “forcings”). This is important because, when the authors look at only
CO2 changes, they are not comparing a consistent framework because of different
processes and their different timescales. As a result, times of change over different
timespans (glaciation v deglaciation) may be somewhat expected to show different
responses. All the data exist for the authors to do the diagnosis as they do it here
(but then properly, accounting for the uncertainnties), and to then test whether it’s the
omission of the various other slow feedbacks that explains the differences.
This paper needs a complete overhaul. As is, it does nothing for the state of understanding of the subject, and the presentation is full of holes. I recommend rejection.
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