Response to Reviewer 1 Comments.

Thank you very much for your valuable comments. We numbered all comments and replied to
them. According to your comments, we will revise our manuscript. We have replied to each of
them, and if our proposed revisions are clear and sufficient for you, we will modify the manuscript
according to them. For some comments, we showed the revisions, but before we submit the revise
manuscript, the text will be edited by native speaker, although there is no change in the contents.

Answers to the main comments:

(1) In the introduction, discussion and particularly the conclusion, the authors mostly
discuss earlier findings from Spasskaya Pad, and hardly touch upon potential similarities or
dissimilarities with other regions. This makes it very hard for the reader to assess to what extent
the findings presented here may hold lessons for the other boreal forests on permafrost. In my
view, your results hold important lessons for the potential impacts of increased precipitation
variability in northern forests, also beyond Siberian larch forests! Precipitation variability is
increasing rapidly in this region (see also https://doi.org/10.1016/j.jhydrol.2021.126865) so it is
important to discuss what your findings imply for the future functioning of Siberian larch forests
and potentially boreal forests in general. You also demonstrate a clear “legacy effect” that could
be related to recent insights regarding duration of the impacts of extremes (see for instance
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/gcbh.16078). You still find divergence in
NDVI over ten years after an extreme event. This is a major legacy effect, that has important
implications for knowledge on Arctic greening/browning and should be stressed more strongly in
the conclusion and abstract!

We will add explanations about the similarities or dissimilarities with other regions in
introduction, 4.4, and conclusions (please see comment (31) about conclusions). Extreme
weather events such as heavy precipitation and snowfall will affect the ecosystem change over
the long term. Both browning and greening trends are observed over boreal forests due to
different factors, including extreme wet events. We will put these to our manuscript.

(2) The described aim of the research is to assess how the local forest has changed over
time, but throughout the methods you have decided a priori to split up the data into a pre-2007
and post-2007 segment based on an extreme event. Hence, it seems more appropriate to either
first statistically evaluate and demonstrate whether there is a significant trend break. I do not
doubt this would be the case if you would try it, but it would provide a back up for your
methodological choice. Alternatively (maybe this is easier) you could reframe the research aim
to explicitly investigate the effect of this wet event. This would make sense, since the
subdivision of forest types within the transect seems to already be based on forest damage and



regeneration stadia, and the introduction already extensively discussed observed effects of the
2007 wet period.

Yes, we agree with your comment. Our study is not only the extreme wet event, and |
would like to show the historical variation of the larch forest using NDVI. The larch forest at our
study and also northeastern Siberian taiga site have been suffered from drought and recently wet
event. We would like to show how drought and wet event affect the NDVI. But for the most
visible and impacted change in the correlation between NDVI and ecosystem parameter
(especially soil moisture) was the wet event. It is not possible to change the statistical analysis at
this moment, therefore we will reframe the research aim to investigate the effect of wet event as
described by the reviewer.

(3) The ecophysiological meaning of the d15N, d13C and C/N ratio data, as well as the
methods through which they were derived, are completely lacking. The reader will need more
background to understand the presented patterns and the methods are not reproducible here.

We added the explanations. Read the replies to the comments (15), (16), (26).

(4) I have some concerns about confounding effects of seasonal availability of landsat ndvi
data in shaping the temporal dynamics of ndvi and affecting relationships with other site data. In
the line comments, | have added some examples and suggestions on how to deal with this. I think
with an additional figure or potentially addition of covariates/interactions such issues could be
resolved quite well.

When we use the satellite image data, there are many problems such as temporal resolution
and combination of different sensors. Please read the replies to the comments (14), (19), and
(20). We tried to make as much as possible.

Answers to the Line comments:

(5) L. 29: Could you reflect briefly on the implications of your results to place them in a
wider context? Parts of the Siberian Arctic show record browning in recent decades, as you
undoubtedly know better than anyone. Perhaps you could reflect on the potential role of moisture
dynamics, drought and waterlogging in this browning trend? (Just a suggestion).

Yes. As you know, boreal forests in northeastern Siberia are experiencing browning,
because of not only by temperature-induced drought but also waterlogging and nitrogen
dynamics as we showed in our manuscript. We will add the sentences to the abstract.

Revision: "... due to extremely high soil moisture. Taiga in northeastern Siberia, as a dry
forest ecosystem, is experiencing browning because of not only temperature-induced drought but
also waterlogging and nitrogen dynamics."




(6) L. 31-32 "occupy a large forest area, approximately 27 % (Fao, 2020)" --> | assume
you mean 27% of the world's forest cover? Could you rewrite this to make it clearer what the
statistic refers to? Also consider writing "FAO™" instead of "Fao" as you also write it in the
reference list.

Thank you very much. We changed Fao to FAO. According to FAO, 27% is the percentage
of boreal forest in the total forest cover.

Revision: "...occupy a large ferest-area, approximately 27 % of the world’s forest cover (Fae
FAQ, 2020)".

(7) L. 39 "and change the ecosystem" --> Could you provide a few concise examples and
references?

Revision: "Under warming, permafrost may decline, which can trigger large amounts of
carbon emissions (Schuur et al., 2015) contributing to further climate warming, alter soil
hydrology (Walvoord and Kurylyk, 2016), soil nutrient availability (Salmon et al., 2016),
vegetation cover (Jin et al., 2021) and other, and thus change the ecosystem."

(8) L. 31 - 66: Please consider adding some thematic structuring to the introduction; the
introduction seems to give an overview of earlier work that is mostly focused on C-exchange,
while the knowledge gap decsribed on L. 65-66 focuses on NDVI and foliar parameters.

We will add the explanations about the knowledge gap. We will also add the characteristics
of our study site and comparing with other regions.

(9) L. 67 - 70: The research aim is described as "assessing how the forest has changed",
which seems unnecessarily vague. Could you provide more specific aims or research questions
and (optionally) hypotheses? Setting more specific aims may also help provide structure and
direction to the introduction paragraph above.

The sentence in L. 68-69 was described the outline of our aim, and this looks vague. We
changed the paragraph as below.

Revision: "The purpose of this study was to understand how the larch forest in this region
changed and what factors impacted the changes over the past two decades. We To do these, we
investigated historical variations in satellite-derived NDVI to know the change of forest, because
leaves of deciduous tree reflect the condition of tree in every year. In order to understand the
factors, which impact the forest change, NDVI data were compared with and-field-observed
parameters, such as the RWI, soil moisture, needle §'°C, §'°N, C/N, air temperature, and

precipitation from 1998 to 2019."

(10) L. 78: "consists of deciduous species" --> any information which ones? do they
occupy a significant share of the canopy compared to dominant larch vegetation?
Revisions:



L.78. "Dominant tree species is larch Fhe-overstory(forest-canopy)-consists-of-deciduous

species;-dominant-coniferoustarch-(Larix cajanderi) that is a deciduous conifer (Abaimov et al.,
1998), mixed with broadleaved birch (Betula pendula), ...".

L. 35. "with coniferous trees" — "with deciduous conifers"

(11) L. 80 " and other grasses™ --> please remove "other" (as the shrubs mentioned before
are not grasses)
Revision: "... and ether grasses."

(12) L. 95: "Regenerating forests RF-2 had moderate forest conditions between RF-1 and
DF" --> what do you mean by moderate forest conditions?

Revision: L. 90-95. "The plots discerned as regenerating forests RF-1, had many dead
mature larches and formed forest gaps in the overstory where there were a large number of
young larches (seedlings and saplings with a height of up to 3 m) and shrubs. Regenerating
forests, RF-2, had more dead mature larches and more young larches than RF-1. Damaged
forests, DF, where all mature trees died, were predominantly covered by moisture-tolerant
grasses, and had much smaller numbers of young larches than in RF-1_and RF-2. The DF plots

were located on a depress10n in a trough-and-mound topography, and some patches of the DF
plots were flooded. R
D_FT n

(13) L. 108 - 110: " The transect plots, which consist of pixels not attributed to quality
pixels (clear terrain, low-confidence cloud, and low-confidence cirrus) in the quality assessment
bit index band according to Landsat Surface Reflectance product guides, were excluded from the
analysis. --> due to the structure of this sentence it reads to me as though all transect plots ndvi
values were excluded from analysis, but as the text continuous you describe how it was used in
further analysis, so | assume you only removed pixels (or transect plots?) that were flagged in the
QA product? Perhaps you could rephrase this more clearly (e.g. that "pixels flagged in the
quality assessment bands were omitted from analysis"? or that “transect plots that contained
pixels flagged in the quality assessment bands were omitted from analysis"?).

Revision: "The transect plots, which consist of only pixels ret-attributed to quality pixels
(clear terrain, low-confidence cloud, and low-confidence cirrus) in the quality assessment bit index
band according to Landsat Surface Reflectance product guides, were exeluded-from used in the
analysis."

(14) L. 120: can you provide an assessment of fit among the different sensors, e.g. on days
for which multiple products are available? how accurate is the estimate for the one sensor based
on another sensor compared to the actual value? Roy et al 2016 recommend to use a locally



parameterized regression, although it would be understandable if insufficient overlap in
acquisitions among different sensors prevents establishment of specific regression parameters for
your site.

We understand that local parameterization is important, because it is not possible to
combine different sensors perfectly. However, unfortunately, we cannot show the sufficient data
of assessments for publication. In our study, three Landsat images (Landsat 5 TM (L5), Landsat
7 ETM+ (L7), and Landsat 8 OLI (L8)) were available. L7 had the longest observation period,
but actually data quality was not so good, compared to L5 and L8 (after the scan-line corrector
failure of L7 in 2003). After the selection of image data and conversion by Roy et al. (2016) and
Ju and Masek (2016) as described in Methods 2.2, and we again selected the NDVI data for
comparisons between L7 and L5 for the period 1999-2011, and L8 and L7 for 2013-2019, by the
following conditions.

e  For transect plots, all 34 transect plots were observed. For 10-km plot, more than 96%

of pixels in L5 and L8, and more than 75% of pixels in L7 were observed.

e  There was one day difference in the acquisition dates between L5 and L7 and between

L7 and L8, and NDVI signals were close.

e If the average value for the short period in summer (NDVI shows usually small

change in July to beginning of August) was calculated, we used the average value.
Eleven data (including transect and 10-km plot) for comparison between L7 and L5 and twelve
data (including transect and 10-km plot) between L8 and L7 were identified. The results were
close to the 1:1 line (see the figure below).
There are many problems on statistical procedure if we show these assessments in our paper. But
we believe that the conversions by Roy et al. (2016) and Ju and Masek (2016) can be used
realistically.

We put some sentences to Methods 2.2 L.120 and Discussion 4.1 between L. 291 and L.
292.
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Revisions:

L120:"The local parametrization of signals from different sensors was not performed for
our study site due to insufficient overlap in the image acquisitions. We identified that the
selected and converted data were close to the 1:1 lines between Landsat 5 and 7 and between
Landsat 7 and 8".

Between L291 and 292: "As described in the Methods 2.2, we combined images of three
Landsat satellites with different sensors. Although there is an uncertainty of the signals by
combinations of different sensors (Nagai et al., 2022), our result of historical variation of NDVI
reflected the change of forest condition observed in situ."”

(15) L. 133-136: this paragraph lacks context of the ecological or physiological meaning of
isotope ratios and C/N ratio. More explanation and literature is needed for the non-expert reader
to assess what the d15N, d13C, C/N ratios and ring widths actually mean and what questions you
are answering by including these data (alternatively, you could also already explain how the
different types of datasets relate to the research aims in the final introduction paragraph)

We added some sentences for explanation and literature.

Revisions:

L. 133-135: "Several ecosystem parameters have been observed since 1998 in typical forests.
To monitor the physiological response of larch to environmental changes, the carbon and nitrogen
isotopic compositions (§*3C (%e); and §'°N, {%o), and the ratio of carbon to nitrogen content (C/N)
of larch needles have been observed since 1999, except in 2012, {at the site 8-2km200 m south of
the transect; {Fig. 1b). The §*3C and 3'°N are calculated by:

81C (or 81°N) = (Rample/Rsta = 1) x 1000 (%o),




where Rsample_and Rs are isotope ratios (**C/*2C or '*N/**N) of the sample and standard,
respectively, and standards are Vienna Peedee Belemnite (VPDB) for carbon and atmospheric N2
for nitrogen. The foliar §'3C reflects the physiological condition of photosynthesis and has been
widely applied to indicate plant water use efficiency (Farquhar et al., 1989). The foliar *°C
becomes high when the higher irradiance and lower stomatal conductance are observed. The foliar
5'°N is a physiological indicator of the nitrogen source for a plant (Evans, 2001), which can vary
depending on many physiological and environmental factors. The foliar C/N represents the
nitrogen status of a plant (Liu et al., 2005). ..."

L. 138-140: "For more than 100 years, until 2016, larch ring-width index (RWI), which
indicates wood growth dynamics, was estimated by detrending and standardizing the raw time-
series width data obtained from the collected paired cores (Tei et al., 2019b). The RWI data used
for analysis are shown in Table S2."

(16) L. 133-136: There seems to be no explanation of how the d15N, d13C and C/N ratios
were derived, Add methodology (which tissues were sampled, how many grams, how were they
analyzed, on which instrument, against which isotope standards at what precision?). If the data
come from an existing dataset or study, please cite it so the reader can understand how the values
were derived.

We put the outline of methods in Methods 2.3, and method details were added in the caption
of Figure S1.

Revisions:

L. 135-137: "Jrn—mJel—Auges{—ever—year— Larch needles were collected from four to eight
young larch trees W : he-e o508 C{%0)-8 " N(%o);
&nd—@@J—ef—thes&s&mples—wef&&sed in Auqust every year. These are the same trees and located

nearby. Four stems were obtained from each tree, and needles from each tree were mixed and
analyzed at Kyoto University (samples for 1999 to 2003) and Hokkaido University (samples after
2004) with Conflo systems (EA 1108 and Delta S, and Flash EA 1112 and Delta V, Thermo Fisher
Scientific at Kyoto and Hokkaido Universities respectively). Analytical precisions (standard
deviation) of the carbon and nitrogen content measurements were better than 0.3% and 0.1%,
respectively, and those for the isotopic compositions §'3C and §*°N were better than 0.2%o. The
details of sampling, sample preparation and laboratory analyses for C and N contents and for their
isotope compositions using the EA-IRMS system are described in Fig. S1. The details ef-anabyses
and-the average calculations are described in captions of Fig. S1 and S2. In 2015, there were no
data on the !°N and N content. "

Caption of Figure S1: "Temporal variations of raw data in (a) the foliar §'*C and (b) C/N of
nine trees in the typical forest during 1999-2019. The four trees LL23, LL.24, LLR2, and LLR3
were continuously sampled from 1999 to 2011, and the tree R04 was sampled during 20082010,
2014, 2015, and 2017. The four trees S1, S2, S3, and S4 were sampled from 2013. Those sample
trees were located nearby. The number of trees sampled for the foliar §'3C (a) every year was: n
=01n2012; n=41n 1999-2007, 2011, and 2015; n =15 in 2008-2010 and 2016; n =6 in 2013,




2018, and 2019; n =7 in 2017; n = 8 in 2014. The number of trees sampled for the foliar C/N (b)
every year was: n =0 in 2012 and 2015; n =4 in 1999-2007, 2011, 2013, 2014, and 20162017,
n=>51n2008-2010; n =6 in 2018 and 2019. From each tree, four stems with current year stems
were taken, and leaves on previous and two-year stems were collected in August every year.
Needles of each tree were mixed well, kept in a paper bag, and oven-dried at 60 °C in the field.
Samples collected before 2004 and after 2004 were brought to Kyoto University and Hokkaido
University, respectively, where they were powdered with liguid nitrogen, and oven-dried again.
Each sample was then wrapped in a tin capsule and analyzed for carbon and nitrogen contents
and for their isotope compositions using the EA-IRMS system. All data obtained in each year
were averaged to build a successive temporal variation in the foliar §'*C and C/N (Fig. 3d and

3f). "

(17) L. 150: can you explain why you chose a pearson correlation, rather than a spearman
correlation or crosscorrelation function (which in my experience are more appropriate choices
for relatively short timeseries)? Not that | doubt the outcome of your analysis (you present very
clear visual and temporal patterns), but the backing of your choices could be stronger.

Since we obtained a simple linear relationship between two parameters, the most common
test (Pearson correlation test) was used.

Revision: L. 149-150. "Relationships between datasets were investigated using a simple
linear regression model (function “Im”) and a Pearson correlation test (“cor.test”), the most
common statistical test based on the method of covariance. "

(18) L. 152: "differences between the two groups™ --> which groups are you referring to?
there are more than two types of forests mentioned in earlier in the methods. It is also unclear to
me why an unpaired test was selected if data from the same years or acquisitions is available for
different forests. | am probably misunderstanding what you are describing here, so perhaps that
is an indication that better explanaiton is needed.

Two groups mean two different forest types among four (TF, RF-1, RF-2, and DF), but we
changed the description about the statistical tests. It is better to use tests comparing 4 forest types
at the same time in order to avoid Type I errors. So, we changed statistical method to Kruskal-
Wallis test with pairwise Wilcoxon rank sum test. We preferred this test to ANOVA because of a
relatively small number of samples in the forest types.

Revisions: L. 152-157 "Differences in NDV | between-two-groups-{ferest-types) among
four forest types (TF, RF-1, RF-2 and DF) were determined using Kruskal-Wallis test
(“kruskal.test”) with pairwise Wilcoxon rank sum test (“pairwise.wilcox.test”).usthg-twe
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F-test. The results of the statistical tests are shown in the Supplemental (Table S3-S10S9)"

We replaced Tables S3, S4 with two new tables, Table S5 was removed:
Table S3. The results of the Kruskal-Wallis test, a non-parametric test to check differences in NDVI among
four forest types (TF, RF-1, RF-2, DF), are presented as a significance level p-value. The differences in NDVI
were significant at p < 0.05* (shown in bold font) and insignificant at p > 0.05.

Table S3. The results of the Kruskal-Wallis test, a non-parametric test to check differences in NDVI among four forest
types (TF, RF-1, RF-2, DF), are presented as a significance level p-value. The differences in NDVI were significant

at p < 0.05* (shown in bold font) and insignificant at p > 0.05.

Kruskal-Wallis test

Date p - value
1685 0.261
oo 0.022°
i 0.002"
S 0.881
s 0.258
2004 0312
e 0.741
2006 0.063
e 0.00003"
—_— 0.00015"
2009 0.035°
2010 0.004*
5011 0.003
5012 0.004*
2013 0.00005*
014 0.013
2015 ez
2016 0.002
017 0.003
2018 0.002
0.1846

2019




Table S4. Comparisons of seasonal maximum NDV1 averaged for each forest type among four forest types (TF,
RF-1, RF-2, DF) in the years from 1999 to 2019 using pairwise Wilcoxon rank-sum test. The results of the tests
are presented as their significance values (p-values). Bold font indicates a significant difference flagged as *p <
0.05.

Table S4. Comparisons of seasonal maximum NDVT averaged for each forest type among four forest types (TF, RF-
1, RF-2, DF) in the years from 1999 to 2019 using pairwise Wilcoxon rank-sum test. The results of the tests are
presented as their significance values (p-values). Bold font indicates a significant difference flagged as *p < 0.05.

Date Forest types DF RF-1 RF-2
RF-1 0.31
1999 RF-2 1.00 1.00
TF 0.31 0.31 1.00
RF-1 0.462
2000 RF-2 1.000 0.275
TF 0.035* 0.516 0.024*
RF-1 0.277
2001 RF-2 0.800 0.207
TF 0.035* 0.057 0.002*
RF-1 0.92
2002 RF-2 0.92 0.92
TF 0.92 0.92 0.92
RF-1 0.97
2003 RF-2 0.80 0.53
TF 0.80 0.49 0.97
RF-1 0.77
2004 RF-2 0.40 0.95
TF 0.79 0.57 040
RF-1 1.00
2005 RF-2 1.00 1.00
TF 1.00 1.00 1.00
RF-1 0.21
2006 RF-2 0.53 0.34
TF 0.21 0.34 0.21
RF-1 0.123
2007 RF-2 0.267 0.040*
TF 0.023 0.00008* 0.001"
RF-1 0.039*
2008 RF-2 0.800 0.129
TF 0.023* 0.001* 0.004*
RF-1
2009 RF-2
TF 0.026*
RF-1
2010 RF-2 0.750
TF 0.001* 0.667
RF-1 0615
2011 RF-2 0.640 0.661
TF 0.044* 0.014* 0.007"
RF-1 0.346
2012 RF-2 1.000 0411
TF 0.044* 0.026* 0.026*
RF-1 0.031
2013 RF-2 0.133 0.012*
TF 0.018* 0.0007* 0.002*
RF-1 0.62
2014 RF-2 0.64 0.75
TF 0.05 0.05 0.05
RF-1 0.23
2015 RF-2 0.23 0.34
TF 0.14 023 0.19
RF-1 0.055
2016 RF-2 0.267 0.026*
TF 0.026* 0.114 0.005"
RF-1 0.073
2017 RF-2 0.133 0.018*
TF 0.083 0.133 0.018*
RF-1 0.040*
2018 RF-2 0.533 0.040*
TF 0.035* 0.088 0.008"*
RF-1 0.27
2019 RF-2 0.27 1.00

TF 0.27 1.00 1.00




(19) L. 163-165: "The seasonal maximum of each year was observed from 25 June to 13
August, except for 1999 (shown in Table S2). The maximum transect NDVI in 1999 was
observed on 27 August (0.75 £ 0.02, n = 34) because the Landsat data in 1999 were limited to
the latter half of August. " --> landsat scene availability throughout the summer can be highly
limited. to what extent is the seasonal maximum an artfeact of data availability (e.g. it would
obviously fall in June if no data from July and August are available, even if the true maximum
would fall in july or august). Please add an indication or statistical backing (maybe in SI) of how
the timing of the seasonal maximum relates to scene availability, because otherwise it cannot be
called "year to year variation™ and it would be unclear whether the time series you describe in
fig. 2a is robust, or merely an artefact of seasonal timing.

(b) July to
August
quickly
(a) June ﬁ increase b
[ quickly (c)
increase |2§ 20/7 September
0.7 qwckly
A decrease

% 0.6 0.6
< 05— -0.5
04-® 2017 -0.4
0.3 0.3

g 5 8 03
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Figure above is an example of the time course of NDVI in 2017 summer period. Red
triangles and circles are L7 data for transect and 10-km plots, and green triangles and circles are
L8 transect and 10-km plots. We divide the growing season to three stages (a) to (c). In June (a),
NDVI values quickly increased, and during the late June - the mid-August (or in the beginning of
September) (b), NDVI values are relatively stable because vegetation has the maximum biomass.
Finally, during the late August-September (c), NDVI values decrease due to the leaf senescence.
Although the timings of (b) (start and end) varied depending on the weather and soil moisture
conditions, maximum biomass stages (b) continued more than one and half months. We obtained
NDVI on this stage as seasonal maximum (the manuscript’s supplemental Table S1). The
example of NDVI1 in 2017 (shown in this response letter) is the highest temporal resolution, and
other years are lower temporal resolution than that in 2017. But the data in most years had more
than 3 data acquisition days in the period of (b). Only one acquisition day during the period of
(b) was for 1999 and 2003. For 2003 the observation day was 21 July, and we used this value.
For 1999, it was on 27 August. We recognized this NDVI value as seasonal maximum, since this
day was in the period of (b). Because of large amount of precipitation in August in 1999, we
observed high soil moisture in August 1999 (Figure 3c), and recognized in the period of (b).

We added some sentences between L131 and 132.

Revision:



"The NDVI data of larch forest, that is deciduous, quickly increases in early summer, and
during the summer the NDVI is relatively stable (e.q., Huete et al., 2002). This stable NDVI
continued more than one and half months (usually from July to mid-August), although the period
depends on the weather and soil moisture conditions. Seasonal maximum NDVI in our study was
identified during this period. Although the data acquisition days are limited because of low
temporal resolution and cloud coverage, more than three days of data acquisition were identified
by combination of three satellite images, and seasonal maximum were determined, except for
1999 and 2003. These two years had only one data acquisition day, on 27 August 1999 and 21
July 2003, and both data were recognized as seasonal maximum. "

(20) L. 191 - 192: "To consider the historical variation in the NDVI of typical forests in our
study area, the TF NDVI and observed parameters were compared (Fig. 2 and 3)." --> | would
strongly urge you to account for landsat scene availability throughout the season, for instance by
adding the date within the season as a covariate or interaction. This would give additional
information of the association with other parameters may vary across the season and would
account for the possibility that the temporal dynamics of ndvi are influenced more by scene
availabiltiy than annual dynamics in site conditions.

As we already described in the reply to the comment (19), seasonal maximum during the
NDVI stable period was determined in each year, and we believe that the NDVI can be
compared with ecosystem parameters.

(21) L. 197: "TF NDVI did not show any correlation with summer temperature” --> you
present correlations of NDVI values at different seasonal timings (june / july / august) to overall
JJA temperatures. wouldn't it make more sense to compare the ndvi to mean temperatures of
degree days up until the moment of ndvi acquisition?

We believe that in the temporal dynamics, the soil moisture and nitrogen availability may
be the main environmental factors affecting the NDVI. The summer temperature does affect the
NDVI, but in short time periods, e.g., drought events in 2001-2002.

(22) L. 218: the header of the next section accidentally ended up in the figure caption here.
Thank you very much. Next title was mistakenly added.

Revision: "... respectively.3:3:2-R\WH-at-the-typical forest.”

(23) L. 275: "In most years before 2007, the NDVI values in RF and DF were higher than
those in TF" --> could this be related to topgraphy; i.e. DF and RF are damaged by floods since
they occur in depressions and hence suffer less from drought but more from flooding? the role of
terrain is hardly touched upon but potentially very important. It might also be helpful to present



some indication of terrain variability; what is the magnitude of elevation differences between
typical DF and Tf sites, for example?

Yes. Before the wet event, soil moisture at RF and DF were higher than TF because of
lower elevation. This topographic condition at RF and DF makes lower possibility of drought.
We did not observe the altitude in situ, but the difference in elevation between north and south
ends by Google Earth Pro was about 5 m. We add the explanation.

Revision:

L. 275 " The difference in elevation between south and north ends of the transect (about 5m in
Google Earth) may cause the difference in soil moisture, therefore RF and DF plots showed
higher soil moisture and less possibility of drought than TF, before 2007. "

(24) paragraph 4.1: Please discuss whether waterlogging may have influence ndvi directly,
independent from tree properties, due to its influence on near infrared reflectance.

Yes. Water shows lower NDVI. We had already described about the possibility of surface
water in L281-282. We also add some explanations.

Revision: L. 282 "Water predominantly absorbs NIR radiation and therefore has a low NIR
reflectance, resulting in a lower NDVI than vegetation (Holben, 1986)."

(25) L. 312 - 317: I know it is very likely the case, but here you seem to derive causation
from the presented correlations. Tone down these causal statements (e.g. "which likely
contributed" instead of "which contributed™), or provide more backing for why carbon storage in
previous years should be the cause of NDVI dynamics in this period.

We changed the expression.

Revision: L. 312 — 317. "The high level of water availability in the summers of 1999 and
2000 likely contributed to increased carbon storage and, as a result, the high formation of needles
in 2000 and 2001. The significant NDVI decrease in 2002 was probably caused by a low level of
soil moisture (i.e., dry conditions). The high summer air temperature (Fig. 2¢) and the small
amount of precipitation (Fig. 2d) in 2001 and 2002 caused droughts in 2002 and 2003.
Subsequently, the soil moisture increased due to a large amount of water year precipitation (Fig.
2d), which likely contributed to an increase in NDVI until 2007. "

(26) L. 327 - 328: "The mechanism by which plant 613 C responds to changes in light and
water availability has been well explained in previous studies (e.g., Farquhar et al., 1989). " --> |
don't doubt it, but it is very difficult to place your findings on isotope ratios in the appropriate
context without some minimum amount of explanation of their meaning and key processes
driving isotope fractionation in trees. Please add this (or see comments regarding lines 133-136)
at some point so the reader can understand the meaning of the presented work on isotope and c¢/n
ratios to some degree without having to refer to cited work.



The §'3C value of plant tissue (e.g. leaf) is expressed by the following equation;
§13C = 83Cam —a-(b-a)(Ci/Ca).

S13Catm is 813C of atmospheric CO;, a (4.4%o0) and b (27%o) are isotope fractionations of
diffusion and enzymatic reaction of photosynthesis (Rubico), and Ci and C, are inter-cellular and
atmospheric CO; concentrations. When water availability decreases, stomatal conductance
increases, which results in the decrease of CO2 incoming to the intercellular, and Ci decreases,
resulting in Ci/Ca decrease and 8*3C increase. When water availability increases, §*C decrease.
For the light condition, when light condition increases, more CO> is photosynthetically reacted,
and Ci decreases, then 8*3C increase. Under low light condition, Ci increases and §*3C decrease.

We already described what was happening at our site in L329-331. The years 2001 and
2002 were severe drought period (low precipitation and low soil moisture). Under such
condition, it is reasonable to consider that stomatal conductance decreased. This is also
demonstrated by 8*3C values. Larch tree is deciduous, therefore C photosynthesized in the year
makes needles in the next year. Carbon fixed during the drought 2001-2002 makes needles in
2002-2003.

It is not possible to describe the detail explanations above in our main text, but we add the
equation and short explanations in the Methods 2.3 after the explanation for comment (16).
Besides the following explanation, we also revised the structure of 4.3.1 Water availability,
according to the comments (2), and to avoid misunderstanding (see reply of the next comment).

Revision:

"The 5!3C value of plant tissue (e.g. leaf) is expressed by the following equation;

513C = 5%3Catm - a - (b - 8)(Ci/Ca),
513Cam is carbon isotopic composition of atmospheric CO2, a (4.4%o) and b (27%o) are isotope
fractionations of diffusion and photosynthetic reaction, and C; and C, are inter-cellular and
atmospheric CO; concentrations. In our study site, lower and higher 8*3C values of larch needles
were usually arose by wet and drought conditions. "

(27) L. 329: "Under drought stress during 2001-2002, there was a decrease in needle
stomatal conductance™ --> this is another example of a conclusive statement that does not seem
to be backed up by data or a reference. Please check the entire discussion for statements like
these and either back them up or tone them down ("has likely decreased stomatal conductance, as
suggested by d13C values")

Referee said this statement does not seem to be backed up by data. But for us, “drought ->
reducing stomatal conductance (8!3C increase) -> usually decrease in carbon assimilation” are
almost 100% sure. To avoid misunderstanding, we changed the structure of 4.3.1, and added
some sentences. We would like to describe that after 2007 “wet condition -> increase in stomatal
conductance (8*3C decrease) -> usually increase in carbon assimilation but actually decrease in
carbon assimilation”. We observed low NDVI in wet condition, which is probably caused by
lower nitrogen availability.

We revised the discussion section "4.3.1. Water availability" as described below:



- L303-325 originally written: describing positive correlation between NDVI and SWE
before 2007

— L333-338 originally written: describing negative correlation between NDVI and SWE
after 2007

- L 326-331, L338-342 revised and added explanation: describing negative correlation
between SWE and §'3C before and after 2007.

— L331-333 originally written: “Comparing the decrease in TF NDVI for drought events,
the decrease in TF NDVI for the extreme wet event was not as large (Fig. 2b and 3a), although
the extreme wet event caused a significant decrease in the NDVI of RF-1 and RF-2.

— L342-347 revision: describing that after 2007, usually wet condition makes higher
productivity, but low NDVI observed. -> nitrogen availability

Revision: L. 326-347:
“As described in the Sect. 3.3.3, SWE controls forest NDVI because the observation site (northeastern
taiga) is established in a continental dry area. We found positive and negative correlations between the
NDVI and SWE. Before 2007, the TF NDVI was positively correlated with the June SWE in the current
year (Fig. 4b) and positively correlated with the SWE in the previous year June, July, August, and the
previous year summer (JJA: June—July—August) (Fig. 4c, 4d, S4c, and S4d, Table S6). This indicates the
influence of hydrological conditions in the previous year and early summer of the current year on the leaf
productivity of larch trees in the current year.

Larches, as deciduous trees, assimilate carbon through photosynthesis (photoassimilate) during the
summer to prepare needles in the next year, and the elongation of needles may be affected by hydrological
conditions in the early summer. In the Spasskaya Pad Forest, pulse-labeling experiments with 3CO,
showed that stored carbon from the previous year contributed approximately 50 % to formation of new
needles in Larix gmelini saplings (Kagawa et al., 2006). The high level of water availability in the
summers of 1999 and 2000 likely contributed to increased carbon storage and, as a result, the high
formation of needles in 2000 and 2001. The significant NDVI decrease in 2002 was probably caused by a
low level of soil moisture (i.e., dry conditions). The high summer air temperature (Fig. 2c) and the small
amount of precipitation (Fig. 2d) in 2001 and 2002 caused droughts in 2002 and 2003. Subsequently, the
soil moisture increased due to a large amount of water year precipitation (Fig. 2d), which likely
contributed to an increase in NDVI until 2007.

It is known that the NDVI depends on the previous-year precipitation in arid and semi-arid regions (e.g.,
Burry et al., 2018; Camberlin et al., 2007). In addition, historical time series of climate indices, based on
both precipitation and temperature, were related to one-year lagged NDVI (e.g., Verbyla, 2015; Liu et al.,
2017). In boreal interior Alaska, the summer moisture index showed a correlation with maximum summer
NDVI not only at a one-year time lag in two 10-km climate station buffers but also at a two-year time lag
in many other ones (Verbyla, 2015). Possible reasons for the multi-year NDVI lag could be the long-term
negative vegetation responses to drought events, such as a decrease in carbon allocation by plants (e.g.,
Kannenberg et al., 2019) and plant mortality (e.g., Anderegg et al., 2012). Negative effects of drought
events also occurred in our study.

As already mentioned, the positive correlations between the TF NDVI and soil moisture were observed
during 1999-2006, however, the correlations were shifted to negative ones during 2008—-2019 (Fig. 4b—d



and S4a—e¢). After 2007, the TF NDVI was negatively correlated with the SWE of all months in the
previous (with a one-year time lag) and current years (without a lag) (Table S6). This may indicate that
after the extreme wet event, the soil moisture in the previous and current years seemed to negatively
affect the current TF NDVI. Therefore, a high level of soil moisture may affect needle production (i.e.,
carbon assimilation, needle formation, and/or needle elongation).

The mechanism by which plant 3'*C responds to changes in light and water availability has been well
explained in previous studies (e.g., Farquhar et al., 1989). In our study site, the 3'°C values of needles
usually depend on the water availability (ref Kagawa et al., 2003 JGR, Tei et al., 2019 Ecohydrology). As
seen in Figure 5, the significant negative correlation between foliar §'°C and the previous August SWE
was observed during 19992007 (r =-0.79, p < 0.05; Fig. 5). Interestingly, not only before the wet event,
but also for all observation period (1999-2019), negative correlation was found between foliar 8'°C and
previous August SWE (Figure 5). These results were different from the correlation between NDVI and
SWE, which changed from positive to negative after the wet event.

The negative correlation between foliar 3'*C and SWE in previous August for all observation period
(1999-2019) and shift of correlation from positive to negative between TF NDVI and SWE showed the
following mechanism. Before the wet event, under drought stress during 2001-2002, there was a decrease
in needle stomatal conductance, resulting in a decrease in carbon assimilation. In the subsequent years,
2002-2003, larches produced fewer needles (lower NDVI) with higher §'3C values from the previously
photosynthesized carbon (Fig. 3a and 3d). After the wet event, the correlation between the foliar '°C and
SWE remained negative, which indicate high stomatal conductance (low foliar 8'°C observed). High
stomatal conductance usually contributes the higher potential of a plant to assimilate CO», store C, and
produce needles (high TF NDVI), but after the wet period, larch produced fewer needles (low TF NDVI).
Comparing the decrease in TF NDVI for drought events, the decrease in TF NDVI for the extreme wet
event was not as large (Fig. 2b and 3a), although the extreme wet event caused a significant decrease in
the NDVI of RF-1 and RF-2. The decrease in the TF NDVI in wet years may be due to different factors,
in other words nitrogen availability for larches, which can control needle formation, and we will discuss
on it in the next chapter.”

(28) L. 354 - 346: "Therefore, the decrease in the TF NDVI in wet years may be due to
factors other than the carbon assimilation process"” --> here you should probably discuss the
direct influence of water on near infrared reflectance and ndvi.

As already described in the response to comment (27), we also revised the manuscript.
About the effect of surface water, we already described in the response to comment (24).

(29) L. 400 - 401: "However, the TF NDVI and RWI were not significantly correlated after
2007, whereas there was a significant positive correlation before 2007. " --> please consider
alternative explanations. For instance, the use of detrending methods in tree ring width series can
remove long-term decreases or increases from the time series, and your RWI likley only reflects
year-to-year variation in ring width. In this sense, do you think the RWI series reflect any long-



term decreases due to for instance waterlogging events and comprimised growth over longer
timescales?

As describe by the reviewer, RWI reflects more long-term. There are many interesting
things on tree growth. For example, dead trees from waterlogging were affected by not only the
waterlogging but also drought several years ago (Tei et al., 2019 Ecohydrolgy). But radial
growth of tree is not our aim in our study. Therefore, we cut some sentences (L397-402) and
revised L393-402.

Revision: L. 393-402

"The correlation between NDVI and RWI at our observation site was previously reported
by Tei et al. (2019b). They used GIMMS-NDV13g and found its positive correlation with the
RWI in the subsequent year during 2004-2014 at the study site. These two parameters, the NDVI
and RWI, reflect the carry-over of carbon, which is fixed via needles in the previous year and
used in the current year as experrmentally demonstrated by Kagawa et al. (2006) #ee%te%

%%%4% In previous studies, dendrochronological data showed that tree grovvth
responded to climate with a time lag (e.g., Tei and Sugimoto, 2018)._In our study, we could not
find a significant correlatlon between the TF NDVI and RWI at the one-year lag of RWI (Fig.

(30) L. 432-434: "To better understand changes in the forest, long-term observation of
variations in soil N availability depending on soil moisture and other factors is necessary" -->
Perhaps we would also need better understanding and forecasting of precipitation extremes or
weather extremes in general?

Yes of course. For the studies of ecosystem change, we need the predictions of climate and
weather. But these are totally beyond our aim. So, we did not add the explanation.

(31) L. 435-452: In general, | think the conclusion presents some statements that rely on
interpretation quite a lot, and presents a lot of statements that are merely repetition of the results.
I do not disagree with your interpretations (I think they are well found), but it should be clear for
the reader which statements are interpretations and which are not (e.g. by adding "which we
attribute to .."). Also see my main comment; the conclusion does not go beyond the distinct
physiological response observed in this ecosystem and does not discuss implications. To be of
value to a wide readership, please try to “zoom out" a bit beyond Spasskaya Pad. Maybe mention
and discuss the importance of findings such as the long-term alteration of relationships between
moisture availability and tree performance, or provide recommendations for future studies.

We revised the conclusions.



Revisions: L. 435-452

"In this study, historical variations in satellite-derived ND VI (forestgreenness-seasonal maximum)
and field-observed parameters of larch forests were investigated to understand the effects of the
extreme wet event on the larch forests of northeastern Siberia. The NDVI values of the plots
visually unaffected (typical mature larch forest, TF) and affected by the event were similar before
2007, and the NDVI values at both plots were similarly decreased by drought. However, both
NDVI values but-differed after 2007 because of the high tree mortality in affected plots caused by

waterlogging and the presence of water in the depression. Although the TF was visually unaffected

by the event, it also underwent changes. Iempefal—eeffekat}ens—re\%a}ed—ﬂ}at—befef%thﬁ%t—event—

em%ent—hn%and—tree—&ng—grew%h—ék\ﬂ)— Before the wet event, positive relatlonshm between the

TF NDVI and SWE in the previous summer and current June shows that needle production was
increased with water availability, as previously observed in this dry region. However, after the wet
event, the relationship between the TF NDVI and soil moisture in the previous and current years

surprisingly shifted from positive to negative. This shift may be caused by nitrogen availability. In

Nitrogen is considered an important factor controlling needle production before and after the wet

event, because the negative correlations between TF NDVI and needle C/N ratio were observed
until 2018 (except for 2007). In addition, the needle 315N reflects continuous decrease after the
wet event, suggesting a different source of nitrogen for larch trees, which was likely caused by the
damage of lower roots by anaerobic conditions. Before the wet event, high (but suitable) soil
moisture level presumably produced more soil inorganic N, and consequently produced more larch
needles, whereas the extreme wetness after 2007 likely had a long-term negative effect on needle
production, because of less soil N production. As shown in this study, extreme wet events in




continental dry regions may change the interaction between water availability and tree
performance (for example, NDVI) over a long time due to shifts in N availability for trees"

(32) Table 1: The added value of this table relative to the clear patterns in fig 2b, are
unclear to me. I also find it unclear why only TF and Rf1 are presented. Due to nestedness
(transect plots within years within groups), the p-values should be corrected for
pseudoreplication. A visual overview might be stronger here and you could consider replacing or
omitting this table.

We removed the Table 1 from the manuscript and revised sentences on L. 235-236 and L.
244-245, which mentioned the Table 1.

Revisions:

A A
] Ci v v,

L. 244-245: "During and after 2007, there was no change in the TF NDVI; slightly
damaged RF-1 showed a decrease in NDVI to levels similar to those observed during the 2002

drought (Fig. 2b) (fableH. "

(33) Figures 4 & 5: "p-values and R2 describe the significance and the degree of variability
of the regression models, respectively"” --> degree of variability is probably not the appropriate
term here, | assume this is a coefficient of determination?

Yes, this is the coefficient of determination. To avoid misunderstanding, we revised the
description.

Revision: Figures 4 and 5 "p-values and R? describe the significance and-the-degree-of
variabHity coefficient of determination of the regression models, respectively."

(34) Sl tables S4-S5: How reliable are the p values derived for differences among degraded
forest and other forest types, if there were only two transect plots with data for degraded forests?
| also find it hard to understand why the others use pairwise tests rather than anova/kruskal-
wallis tests with post-hoc tests? Throughout the supporting tables S4-S10, you perform very
large amounts of t-test and if you want to use these values to support your findings, you should
discuss the role of Type I errors.

We changed the statistical test. Please read the response to comment (18).
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