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Referee 1: No superposed epoch analysis is presented (despite the mention of it on
line 305) to establish a best estimate of the "typical" response to a large eruption,
instead the volcanic epochs are only considered individually. The statistical testing
on the individual events is therefore of limited statistical power because the size of
the volcanic signal has to be equivalent to the 5 (or 10) percentile of the estimated Printer-friendly version
variability of the time series for it to have even a 50

. Discussion paper
Answer: We are thankful to Referee 1 for this valuable comment. In fact, we used

superposed epoch analysis for our proxies and presented the results in the supple-
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mentary material (Fig. S1) in the form of probability density functions. These pdfs
included all proxies for all periods (n=221) studied after the major volcanic eruptions.
In the revised version, we provide new and larger figures with increased quality for bet-
ter visualization. In Fig. 2, we present only 10 years before and 10 years after the event
to increase the readability, even more so as we illustrate 5 different tree-ring proxies
(d180, d13C, CWT, TRW, and MXD). However, and to take the referee’s suggestion
into account, we performed additional analyses, displayed in Fig. 3 for the d180 (a),
d13C (b), CWT (c), TRW (d) and MXD (e) chronologies. In the new version, data is
displayed separately by combining the volcanic eruptions in CE 535, 1257, 1641, 1815
and 1991. Please find the new Fig. 3 below and in the revised manuscript Fig. 3 (see
P.18-19, L. 360-369). We show that trees growing at YAK responded mainly during the
first year after the eruptions, whereas a two years delay occurs at TAY and ALT (P. 3, L.
61-62). Referee 1: There is no discrimination between (i) different responses to each
event and (ii) "random" sampling variability that will make each case appear different
anyway. If the purpose is indeed to demonstrate the heterogeneous responses be-
tween events (instead of, or in addition to, the differences between sites and between
tree-ring/climate parameters) then the analysis needs to consider how to discriminate
truly different responses from sampling variability. Different values will occur due to
internal climate/weather variability as well as error variance in the data. The statistical
tests compare each value to the time series variability to see if they are significantly
different from zero — but what is needed is to see if they are significantly different from
either each other or from the composite mean (see point 1). That would demonstrate
the heterogeneity between events is real and not just down to sampling variability.

Answer: We aimed at showing differences in the climatic signal captured after strato-
spheric volcanic eruptions by the d180, d13C, CWT, TRW and MXD chronologies sep-
arately, and show that stark differences exist between sites. We applied unpaired t-test
statistics to check for significance between each proxy and site. We find significant dif-
ferences (p=0.014, df=40, n=21) between averaged d13C chronologies of the YAK and
ALT sites. We now provide this information in the revised version of our manuscript (P.
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18, L. 357-359). Referee 1: Errors and limitations in the presentation and discussion
of the results in Fig. 4. The results are hard to follow and their description/discussion
is not presented concisely. In part the structure leads to duplication, e.g. the process-
based description of stable isotopes is split between 2.6 before the results and 4.1.2/3
after the results but the results don’t really confirm or alter our understanding of these
processes so it seems unnecessary to split this into the two sections (that would be
appropriate if it was to say what our understanding was before this study and then to
present the updated understanding after it, but that isn’t really the case here). | won-
der if the sample sizes are too small for the CWT and isotopes to really be confident
in the findings — can anything further be done to show whether the sample sizes are
adequate? Are there enough samples to calculate RBAR and EPS as a measure of
the common signal and chronology confidence?

Answer: Thank you for this very valuable feedback. We revised the discussion and re-
moved unnecessary repetitions in sections 4.1.2 and 4.1.3 parts. In the revised version,
we restrict the discussion to a single 4.1 chapter. We have calculated RBAR and EPS
values of stable isotope chronologies for the period 1950—-2000, for which individual
trees were analyzed separately, and show that a common signal indeed exists with an
EPS>0.85. In previous studies, like Sidorova et al. (2008 JGR Biogeosciences; 2010
Global Change Biology; Climatic Change), pooled material was used for this analysis.
For all other tree-ring parameters, EPS also exceeds the threshold of 0.85 (P.12, L.
212-215).

Referee 1: L58: "triggered by" implies a causal link, which hasn’t been established by
the analysis here.

Answer: we removed "triggered by“ and replaced it by “..led to..”
Referee 1: L85: Briffa —> Briffa et al.

Answer: corrected
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Referee 1: L120: Why do you expect increased humidity?

Answer: We expect a decrease in the carbon isotope ratio as a result of limited photo-
synthetic activity and higher stomatal conductance, which results from higher moisture
conditions (i.e. increased relative humidity). To clarify our statement, we changed the
sentence as follows: “Depending on the study site, a decrease in the carbon isotope
ratio can be expected after stratospheric volcanic eruptions due to limited photosyn-
thetic activity and higher stomatal conductance, which in turn would be the result of
decreased temperatures, VPD and a reduction in light intensity (P. 6, L. 120-123). Ref-
eree 1: L. 146 Why 6 eruptions and not more to increase the sample size? Why these
particular 6? L180-181 says these are not the top 6, why not choose the top 6 in terms
of stratospheric sulphur injection?

Answer: In this study we focused only on very large volcanic eruptions with a Volcanic
Explosivity Index (VEI) exceeding 5 (P. 6, L. 136 in the revised version; see Table 1).
Eruptions exceeding this threshold are considered to be strong enough to affect tree
growth over large areas. However, we fully agree that future work could include weaker
eruptions as well, which was beyond the goals of the present work.

Referee 1: L190: virtual — virtually

Answer: corrected Referee 1: L191, 238-239: give the actual sample size for each site,
period and eruption in a table (perhaps adding to table 1) rather than just "at least 4"

Answer: We agree that the sentence in the original version of the ms was not very
clear. We changed it as follows “Unlike TRW, which could be measured on virtually
all samples, some of the material was not available with sufficient quality to allow for
tree-ring anatomy and stable isotope analysis. We therefore use a smaller sample
size for CWT (n=4) and stable isotopes (n=4) than for TRW (n=12) or MXD (n=12).
Nonetheless, replications are still comparable with those used in reference papers in
the fields of CWT and isotope analyses (Loader et al., 1997; Panyushkina et al., 2003;
Fonti et al., 2013) (P. 9, L. 183-189).
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Referee 1: L193: "perfectly” isn’t needed
Answer: removed

Referee 1: L229: did you consider using CWT averaged only over the latewood, so it
is closer to MXD?

Answer: In our work, we used a common annual resolution for all tree-ring parameters.
In line with this decision and in order to keep the approach uniform, we used cell-
wall thickness values that were averaged per ring for each of the volcanic eruptions
considered. We agree that the idea to use latewood CWT is very interesting, and
might be applied later for intra-annual studies of climate-growth relationship. However,
in this study we did not consider this parameter.

Referee 1: L304-305: It doesn’t look like you subtracted the mean prior to the eruption —
this is standard for SEA. Answer: A standardization procedure (normalizing according
to the mean value) was applied for each proxy and each period separately.

Referee 1: L306, 345: 15 years? Only 10 are shown in fig 2 Answer: To increase the
readability and clarity Fig. 2 displays only 10 years before and after each event (see P.
9, L. 178, P. 18 L. 342, revised version) — the text has been corrected accordingly.

Referee 1: L325: -4.4 sigma is NOT less pronounced than -1.8 sigma

Answer: We corrected the sentence as follows “Decreasing MXD values for ALT (-4.4
iAs) and YAK (-2.8 iAs) were observed in CE 537. However, for TAY, we found less
pronounced patterns of variation (Fig. 2).” (P. 16, L. 321-322).

Referee 1: L327: -3.9 sigma CWT for YAK is not visible in fig 2, which eruption do you
mean?

Answer: We clarified that this refers to CE 541.

Referee 1: L334: no this is not the "response” to the volcanoes. This misconcep-
tion is a repeated weakness of the manuscript: the complexity show may be due to
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a fairly stable response to the forcing, but with local climate variability and errors in
the chronologies (sample size is small for some parameters) superimposed to give
individual realisations that differ from case to case.

Answer: We believe that events are different from one another. The climatic effects of
the different stratospheric volcanic eruptions reached the high latitudes represented by
the chronologies illustrated here at different times within the year and varying magni-
tudes in terms of impacts. As a consequence, tree’s response to these climatic effects
are apparently quite different and also contain some local effects. Many studies based
on tree-ring width or maximum latewood density only report about the cooling effect in-
duced by volcanic eruptions. Our work, by contrast, shows that volcanic eruptions may
induce changes in precipitation, vapor pressure deficit and sunshine duration. Such
differences can be obtained from the same trees but by using a unique multi-proxy
approach.

Referee 1: L340: Fig. 2 has a gap in the CWT series for TAY in 536. Explain why and
what this means. Frost rings?

Answer: The remaining sample discs from TAY, which were not used for the stable iso-
tope analyses, were broken when shipped back to the laboratory for anatomical anal-
yses (V.N. Sukachev Institute of Forest, Krasnoyarsk, Russia) Thus, it was impossible
to produce a clear image of the CE 536 ring from this material. As a result, wall thick-
ness information is missing for TAY. Only one sample was left but we do not present it
here for reasons of consistency and sample depth. “Unfortunately, the remaining YAK
sample size was too small for anatomical analyses. Thus, it was impossible to produce
a clear anatomical signal for the CE 536 ring from existing material. As a result, cell
wall thickness is missing for this year at TAY (Fig. 2).” (P. 12-13, L. 231-234).

Referee 1: L362 onwards: Climate analysis comments: You only analyse correlations
between individual months but later you suggest Jun- Aug temperature response for
some parameters. Showing correlations for a 2 or 3 month seasonal mean might be
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useful, it might give a stronger correlation because intra-seasonal variability would be
reduced. Did you detrend the climate data before calculating correlations? You need to
consider cross-correlations between the climate variables, since this could explain why
some tree-ring parameters are correlated with multiple climate variables. e.g. L389,
could the negative correlations with MJJ precip arise because precip in these months
is negatively correlated with temperature at ALT?

Answer: The seasonal mean in temperature response shows significant statistical re-
lationships with tree-ring width and maximum latewood density for YAK (June-July
r=0.43; 0.45); TAY (July-August, r=0.57; 0.59; June-August r=0.44; 048); and ALT
(June-duly r=0.51; 0.54; June-August r=0.43; 0.56), respectively for the period from
1950 to 2004 only. Averaged seasonal temperature against stable isotope data and
CWT does not show higher correlations. Meteorological data are available for a rel-
atively short period (1966-2004 for precipitation and 1950-2000 for temperature) only
and visual trends do not exist for these periods. Therefore, we did not detrend cli-
mate data prior to statistical analyses. The CRU data cannot be used for our purpose
due to a lack of representation back in time. No significant correlations exist between
precipitation and temperature datasets for ALT.

Referee 1: L372: Fig. 3 axis labelling is too small and blurry.

Answer: Thank you for this hint. The axis labeling of Fig. 3 (Fig. 4 in revised version,
P. 21) has been enlarged and the quality of the illustration has been improved in the
revised version of the manuscript.

Referee 1: L410: CWT label is missing for YAK.
Answer: corrected

Referee 1: L468: "strong" seems, err, too strong, when correlations are only 0.3 to 0.5.
Also make clear it is SUMMER temperature.

Answer: We clarified “..is a proxy for summer temperature reconstructions” (P. 26, L.
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476). Referee 1: L483-484: First time that the NUMBER of cells is mentioned, similarly
for frost rings.

Answer: We now provide a description in the section of results as: “We observe
a strong decrease in CWT in CE 536 at YAK where only two layers of cells were
formed in CE 536 (as compared to an average 11-20 layers of cells).” (P.16, L. 318-
319).“..formation of frost rings in ALT (CE 536-538, 1259) has been shown in our study”.
(P. 25, L. 489-490).

Referee 1: L509: what is "gs"?

Answer: This is gl (stomatal conductance). We removed this section to avoid repetition
according to the Reviewers advice.

Referee 1: L510: at TWO sites

Answer: added

Referee 1: L514: positive correlation with VPD is significant at only ONE site
Answer: added

Referee 1: L525: or explained by a delayed/sustained climate response or by the
aerosol forcing persisting and perhaps taking some time to reach the highest latitudes?

Answer: We modified sentence as follow “The delayed signal could also reflect the
time needed for the dust veil to be transported to the study sites” (P. 26, L. 506-507).

Please also note the supplement to this comment:
https://www.clim-past-discuss.net/cp-2018-70/cp-2018-70-AC1-supplement.pdf

Interactive comment on Clim. Past Discuss., https://doi.org/10.5194/cp-2018-70, 2018.
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Fig. 1. Map with the locations of the study sites (stars) and volcanic eruptions from the tropics

Larix sibirica Led.

(black dots) considered in this study (a). Annual tree-ring width index (light lines) and smoothed
by 51-year Hamming window (bold lines) chronologies from northeastern Yakutia (YAK - blue,
b) (Hughes et al., 1999; Sidorova and Naurzbaev 2002; Sidorova 2003), eastern Taimyr (TAY -
green, ¢) (Naurzbaev et al., 2002), and Russian Altai (ALT - red, d) (Myglan et al., 2009) were

constructed based on larch trees (Photos: V. Myglan — ALT, M. M. Naurzbaev - YAK, TAY).
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Fig. 2. Normalized (z-score) individual tree-ring index chronologies (TRWi, pink), maximum latewood density (MXD, black), cell wall thickness
(CWT, green), 8"C (red) and 8'*0 (blue) in tree-ring cellulose chronologies from YAK, TAY and ALT for the specific periods 15 years before and
after the eruptions CE 535, 1257, 1640, 1815 and 1991 are presented. Vertical lines showed year of the eruptions.
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Fig. 3. Superposed epoch analysis of 30 (a), 3'*C (b), CWT (c), TRW (d) and MXD (e)
chronologies for each study site and for the major volcanic eruptions in CE 535, 1257, 1641, 1815
and 1991.
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Fig. 4.

cwT s13C 310

-0.4 Il

v

L L |I||||I||||I| ||\|[|f

a - >3 - >3

I S A
- Month =

B veo

Fig. 4. Significant correlation coefficients between tree-ring parameters: TRW, MXD, CWT, §*C

and 5'°0 versus weather station data: temperature (T, red), precipitation (P, blue), vapor pressure

deficit (VPD, green), and sunshine duration (S, yellow) from September of the previous year to

August of the current year for three study sites were calculated. Table 2 lists stations used in the

analysis.
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Fig. 5. Response of larch trees from Siberia to the CE volcanic eruptions (Table 1) with percentile
of distribution considered as very extreme (< 5th, intensive color), extreme (>5th, <10th, light
color) and non-extreme (>10th, white color). July temperature changes presented as a square from

heavy blue (cold) to light blue (moderate). Summer vapor pressure deficit (VPD) variabilities are
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