Dear Reviewer #1,

Thanks again for your review. Please find below our response to each of the issues that you have raised
together with links on how we considered your suggestions.

Reviewer: | think some conclusions need more data to support and more discussions needed. For
example, for the wildfire reconstruction using the sugar proxies there should be some discussions
about the potential of the movement of these indicators in soluble condition since these indicators
themselves are soluble. So, peoples would doubt whether these proxies have experienced movement
after their deposition. If so, these proxies could not reflect the wildfires in the corresponding layers.
Response: You are right. We have extended the discussion on the proxy behaviour from source to sink
(see below and Chap. 4.1.2)

Reviewer: For the wildfire reconstruction from Lake El'gygytgyn sediments, the authors selected three
glacial-interglacial cases. Due to the uncertainty of chronology reconstruction, the authors integrated
the wildfire proxies into two periods, that is, glacial and interglacial. From my side, | think that such
integration indeed could give some information for the glacial-interglacial variations of wildfire. But
meanwhile it could mix some useful information and sometimes might result in some wrong
conclusions. For example, previous studies also suggested that some wildfire occurs mainly during the
transition of glacial-interglacial variations. Under such condition, the integration of wildfire into two
parts, the glacial periods and the interglacial periods, would not give the real picture of wildfire
pattern.

Response: Thanks for your comment. In this study, we don’t aim to provide the full picture of a
complete, continuous record of glacial-interglacial fire history and also don’t consider a full glacial cycle
but only the late glacial part.

We state that better now from the beginning on, e.g. in the title: “Relationships between low-
temperature fires, climate and vegetation during three late glacials and interglacials of the last 430 kyrs
in northeastern Siberia reconstructed from monosaccharide anhydrides in Lake El'gygytgyn sediments”
and introduction: “Here, we assess (1) how far MAs are useful proxies to study glacial to interglacial fire
histories of the last 430 kyrs using sedimentary MA from Lake EI'gygytgyn and (2) discusslong-term
relationships between low-temperature fires and regional vegetation in the Russian Far East.” We also
replaced “glacial” by “late glacial” at the places in the text where is was misleading.

The split of samples in two groups was done because we are very confident about the exact position of
the shift from late glacial to interglacial conditions, because the pollen data from the same samples
suggest a very clear shift from cold, dry tundra-steppe to warmer shrub tundra or interglacial forest,
independent of the absolute age uncertainties. We are aware that during glacial-interglacial transitions
the fire history can be quite variable as suggested, e.g., by Han et al. (2016), which used a record of
much higher sedimentation rates compared to Lake ElI'gygytgyn, or by Bird and Cali (2002) and Daniau et
al. (2013) based on African sediments. As below you have commented also on the relationship between
insolation and MA trends in time, we reconsidered this part and discuss now also how far fire has
occurred during transitions (see below). However, given the age uncertainties for several hundreds of
years, the very low sedimentation rates at Lake EI'gygytgyn and that our samples are integrating over
several hundreds of years, we prefer here to discuss the general trends evidenced by the late glacial
versus interglacial using the boxplots, as a starting point for more detailed reconstructions that require a
higher resolution.

We mention that now in the conclusion: “Further research will continue exploring lake-sedimentary MAs
in higher resolution together with further sedimentary fire proxies such as charcoal to studylow-intensity
fire—climate—vegetation feedbacks in space and time and potential ways of post-depositional
degradation in even older interglacials, with CO2 levels similar to those expected in the future.”.



Reviewer: In fact, the figure 3 did not give exact information on wildfire pattern at glacial-interglacial
scale. There is no clear difference in wildfire between glacial and interglacial periods, except one case
of MIS 11c and 12.

Response: In the text, we acknowledge that MA influxes “are consistently higher during interglacials
compared to the latter part of their preceding glacials”, which doesn’t mean that all glacials are equally
low. We suspect that the difference didn’t become clear visually because we have plotted the biomarker
(GAL) with highest influxes on top of those with lower influxes and with rather bold lines. We hope it
becomes clearer in a modified Fig 3a that MA influxes are higher during MIS 5e compared to MIS 6 and
also in MIS 7e compared to MIS 8 (where just one sample has similarly high influxes as the MIS 7e
samples). Please see the slightly modified Fig 3 here:
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Reviewer: Specific comments: 1. Lines 68-69. That’s good to have an interpretation for fire intensity.
But | would like to know the exact factor that controls fire intensity in this study, rather than the
factors suggested here including three ones: fire temperatures, combustion efficiencies and fire
radiative power. In fact, these factors have no clear relationship between each other. Is temperature
more related to fire intensity? Or combustion efficiency is more related to fire intensity? In my view, |
think that combustion efficiency is more related with the fire intensity, which has been improved by
many previous studies.

Response: According to Keeley (2009), “fire intensity represents the energy released during various
phases of a fire” and in a physical sense it is given in W m2, Depending on the discipline, fire intensities
are reported as fire radiative power (e.g. in remote sensing, Rogers et al., 2015) or when studying
emissions, combustion efficiencies are reported (van Leeuwen and van der Werf, 2011). All the
parameter mentioned (temperature, combustion efficiency, radiative power) are positively related to
each other, as higher burning temperatures combust organic matter more efficiently and also release
more energy (see e.g. carbon combustion continuum in several studies, for example, Conedera et al.
(2009).

We have now rephrased this part and also added that during each fire several phases of fire intensity
can happen, with an average low or high fire intensity characterizing a fire regime that integrates over
longer time and larger spatial scales. “While a single fire has several phases of varying fire intensities,
fire regimes define larger temporal and spatial scale properties of several fire events with regimes of low
fire intensity generally referring to low fire temperatures, low combustion efficiencies and low fire
radiative power as typical for smoldering and in contrast to flaming fires (Keeley, 2009;Conedera et al.,
2009;van Leeuwen and van der Werf, 2011).”



Reviewer: 2. Line 127, the authors selected three cases of the glacial-interglacial periods for wildfire
reconstruction. | would like to know the reason for such selection.

Response: To assess the suitability of MAs as fire proxies in high-latitude lake sediments on long time
scales, we have selected three glacial-interglacial periods that differ in terms of biome configuration and
climate, including two of them (MIS 5e and 11c) that are generally referred to as potential analogues for
future climate change.

We have fully rephrased this part and now write: “We selected three late glacial-to-interglacial periods,
i.e. marine isotope stages (MIS) 12—-11c, 8-7e, and 6-5e, which reflect varying interglacial biome types
and climate conditions, as reconstructed using the pollen records from El’gygytgyn sediments (Melles et
al., 2012;Tarasov et al., 2013).”

Reviewer: In fact, a continuous record of three glacial-interglacial intervals would give more robust
evidences for the wildfire-climate relationship, | think. Please give some explanations.

Response: In this study, we aim to test how far MAs are useful proxies on long time scales in Arctic lake
sediments and to see if we can deduce some first fire-vegetation-climate relationships. Given the
amount of time to prepare and analyse a sample in the lab, a continuous record over several glacial-
interglacial intervals was beyond the scope of this study. Here, we focus on comparing interglacials and
their preceding late glacial period that have previously been identified as being different concerning
their climate and vegetation configurations.

Yet, we added in the conclusion: “Further research will continue exploring lake-sedimentary MAs in
higher resolution together with further sedimentary fire proxies such as charcoal to studylow-intensity
fire—climate—vegetation feedbacks in space and time and potential ways of post-depositional
degradation in even older interglacials, with CO2 levels similar to those expected in the future.”

Reviewer: 3. Lines 139-140, please add a parentheses.
Response: As the part in the parentheses did not become clear, we have reordered it to: “(for
interglacial astronomical and GHG characteristics see Yin and Berger (2012) and Table 1)".

Reviewer: 4. Line 154, “that cover the time period”, which time period?
Response: Thanks. We added that we refer to the period “125 to 3600 kyrs”.

Reviewer: 5. Lines 203-204, the subhead “2.2 Analyses of source areas”. | don’t think that we could
fully ignore the river input and only consider the atmospheric deposition for source analyses. So, the
discussion about the source areas should include the local river inputs.

Response: You are right. We are discussing also fluvial transport in Chap. 4.1.2 and here we write now:
“MAs can be transported attached to aerosols in the atmosphere (Sang et al., 2016;Schreuder et al.,
2018) and/or via fluvial transport from the catchment (Suciu et al., 2019). To discuss potential source
areas of aeolian-derived MAs, we calculated exemplary backward trajectory ensembles...”

and we start the discussion now by stating: “Here, we discuss the potential local and regional to extra-
regional MA source areas, transport pathways and post-depositional degradation in EI'gygytgyn lake
sediments.” And mention catchment sources also in the discussion (chap. 4.2), e.g. “...MA influxes tend
to increase with higher amounts of tree and shrub versus tundra-steppe pollen (Figs. 3c, 4b) —
potentially allowing also fires to occur in the EI'gygytgyn catchment during warmer than present
interglacials (MIS 5¢, 11c).

Reviewer: 6. Lines 236-239, This could in general work on the condition that you have known that
there were clear wildfire changes between glacial and interglacial periods. But, in fact, in your records
of three glacial-interglacial periods, | merely find that the last one (MIS 11c-12) could present a clear
increasing trend in MA from MIS12 to 11 (although it is not a full glacial-interglacial cycle), however,
for the other two cases, there are no clear wildfire variation pattern at the glacial-interglacial intervals.
So, | am not convinced of your conclusion that more low-temperature fires occurred during
interglacial periods.



Response: To test how far the proposed trends are different, we have now added a non-parametric
Wilcoxon rank sum test suitable for small and non-normally distributed sample sets and now mark the
respective p > 0.1, 0.05 and 0.001 in fig.2 and provide the test statistics in the supplementary data. We
find strong evidence that also based on this distribution test, late glacial samples had lower mean MA
influxes compared to interglacial samples, although the p-values partly suggested that more scrutiny is
needed in future studies using more samples. In addition, we are choosing a more careful phrasing to
not overinterpret the data, as we are aware that our sample size is not very high causing some
uncertainties to the statistics.

In the figure 2 caption we have added: “Lines between interglacial (IG) and preceding late glacial (LG)
boxplots indicate different mean values for the two periods according to a non-parametric Wilcoxon test,
with stars and + indicating respective p-values. IG vs. LG in a subplot marks different means when all
Interglacial samples are compared to all late glacial samples (see supplement for detailed p-values).” Fig.
2 modified:
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Reviewer: 7. Lines 265-275, For those with p > 0.05, | don’t think that there are relationships between
these two proxies. So, in these cases you couldn’t get some relationships for these proxies, especially
when there are only very small numbers of samples.

Response: It is common practice to not interpret data with p > 0.05 as being related, but the p-value
strongly depends on sample sizes. Hence, we are providing a very careful evaluation of these data sets
sensuWasserstein et al. (2019).

In the discussion, we now discuss the relationships more as tendencies (same as for the differences
between interglacials and glacials, above).

Reviewer: 8. These proxies for wildfire reconstruction used in this study are soluble sugar materials.
So, people would like to know if there is possibility that MA would move downward and thus influence



their indications for wildfire reconstruction? | think such discussions could not be missed in Section
4.1.

Response: We are discussing that now in Chap. 4.1.2 and write: “Assuming that dissolved MAs degrade
within days or weeks in oxic, turbulent water (Norwood et al., 2013), the MAs recorded from previous
warm periods may rather derive from MAs in particulate phase, which probably did not migrate post-
depositionally.”

Reviewer: 9. Lines 342-343, Please rethink about the sources and pathway of Mas since river input
may be another source.

Response: Yes, we have added more discussion on potential local sources and pathways and
depositional processes. Please see chap. 4.1.2 and our response above.

Reviewer: 10. Lines 354-355, | am not sure about the explanation for MA to indicate a background
wildfire. | would like to suggest this might be associated (mainly) with the local biofuel availability as
well.

Response: We assume that local fires might have contributed MAs only during warmer interglacials (as
already today vegetation is sparse to allow fires to occur, see discussion at the beginning of chap 4.1.2).
Yet, in this sentence we refer to the presence of MAs in glacial sediments — when it is even more
unlikely that fires happened in an even colder and drier climate with sparse tundra steppe vegetation.
To not be misleading, we have rephrased the sentences and now write “Accordingly, our rank
correlation analysis shows that MA influxes tend to increase with higher amounts of tree and shrub
versus tundra-steppe pollen (Figs. 3c, 4b) — potentially allowing also fires to occur in the El'gygyigyn
catchment during warmer than present interglacials (MIS 5e, 11c). In contrast, during glacials, low
temperatures and CO; levels limit biomass (fuel availability) and fire spread, which has be shown in
previous mid- to high-latitude reconstructions and model simulations (Thonicke et al., 2005;Krawchuk
and Moritz, 2011;Daniau et al., 2012;Martin Calvo et al., 2014;Kappenberg et al., 2019). Thus,
El'gygytgyn’s glacial MA influxes represent a background signal from remote source areas, when fires
associated with high-productivity biomes have shifted southwards.”

Reviewer: 11. Lines 357-360, In fact, | do not find there is a clear relationship of low-temperature
wildfire with maximum summer insolation. There is only one case in MIS 8, while for others more
evidences suggest that this is not the case. | think that you should be more precise.

Response: You are right, there is actually no relationship between insolation and MA influxes. We have
correlated (Kendall’s t) now the MA concentrations and influxes with the summer insolation (67.5°) at
the same time (basically assuming the age uncertainties are low) and found = around 0 (-0.17 to 0.05) —
but more data and a more sophisticated statistical approach would be needed to test that considering
potential age and source area uncertainties, which is beyond the scope of this study.

We have rephrased this part now: “We dlid not find evidence for more biomass burning close to the lake
in times of high summer insolation, as suggested by previous mid- to high latitude studies (Daniau et al.,
2012;Remy et al., 2017;Dietze et al., 2018;Kappenberg et al., 2019). MA influxes rather peaked during
transitions from high to low summer insolation and during MIS 8 maximum insolation, despite pollen
data suggesting rather low tree and shrub presence during MIS 8 (Fig. 33, ¢). In addition, lower mean MA
influxes during MIS 11c compared to MIS 5e (Fig. 2b) might be linkedto the rather moderate summer
insolation during MIS 11 compared to a more pronounced insolation cycle during MIS 5e (Yin and Berger,
2012). Indirectly, high latitude summer insolation could have driven biomass productivity and fires /in the
source areas, for example, by a/tering the length of the growing season,...”.

Reviewer: 12. Line 396, a small error “is not adapted to is but able to survive fires”
Response: We have corrected it.

Reviewer: 13. Line 495. A error “C0O2".
Response: We have corrected it to “CO,".



Reviewer: 14. | am not expert to pollen. So, | also would like to know the meaning of the pollen and
spores (such as drought or wet?). So, could you please add a brief explain the indications of the
pollens and spores in Figure 3. This would facilitate people to know the climate condition.

Response: We have added climate conditions for the tundra-steppe taxa that clearly represent the dry
cold glacial climate but Sphagnum peatland extent does not only reflect more precipitation but can also
be a response to warming and thawing of permafrost, so we would not like to link it one-to-one just to
climate: “Tun.steppe (i.e. tundra and steppe taxa reflecting cold and dry glacial conditions): sum of
Poaceae, Artemisia, Chenopodiaceae, Caryophyllaceae, Cichoriaceae, and Thalictrum pollen;
summergreen boreal forest taxa (SGB): sum of Larix, Populus, and Alnus pollen; Pinus s/g. Haploxylon-
type pollen (with SGB and Pinus spreading during interglacials); and the Sphagnum spore abundance
(representative for peatlands).”
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