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We would like to thank the editor and referees for their valuable comments and insights, which
have significantly improved the manuscript. Below, we first address the associate editor's
comments and then summarize the modifications made in the revised version of our manuscript.
Additionally, we provide a brief overview of our detailed responses to the referees during the
second round of revisions.

In this revised version, we have clarified several sections of the text, particularly in the Discussion,
corrected ambiguous statements, and added additional statistical tests to strengthen our
conclusions. Below, you will find our detailed responses to each comment. Furthermore, since the
manuscript has undergone two rounds of major revisions, we propose changing the title to “Impact
of Winter Warming on CO; Fluxes in Evergreen Needle-Leaf Forests.” We believe this title more
accurately reflects the content of the paper.

Response to associate editor comments

Associate editor’s comment:

Thank you for the replies to referee comments. Referee 2 recommends minor revisions, though
requests many clarifications. Referee 1 still recommends major revisions. Please revise according
to their comments. I add two additional notes here.

Reviewer 1 felt that the introduction read a bit like a literature review. While on the longer side, [
felt that it provided essential explanations about the competing effects of warmer winters on forest
function. I leave this up to the authors about whether to shorten, but I think this mechanistic
discussion is needed given my second comment below.

Importantly, I am still finding it challenging to connect the main stated findings that NEP is
reduced in the winter 2020, especially for the cooler sites, and connecting this to the quantitative
evidence in the results and figures. The abstract and discussion (for example, lines 363-364) states



that NEP declined in the cooler locations and references Figure 4. However, Figure 4 shows mixed
evidence. The results section even suggests the opposite where the average NEP anomaly is +75%
in the coolest sites which means an increased uptake of carbon (not emission). See lines 317-318.
Such discrepancies of the overall results need to be reconciled, unless there was an error in the
sign convention. In my opinion, it seems to me that there needs to be more careful nuance in the
discussion of the results, given competing effects that winter warming can both increase or
decrease GPP as discussed thoroughly in the introduction.

Therefore, I agree major revisions are still necessary to improve the quality of the manuscript, but
I agree with the referees that this is a very interesting and not well-studied topic.

Response: Thank you for your feedback and for clarifying the points raised by Reviewer 1. We
appreciate your support for the mechanistic discussion in the introduction and have made revisions
to enhance clarity while preserving the essential context.

Regarding the discrepancy noted in the results, we recognize the need for a more nuanced
interpretation of the NEP data and have thoroughly re-examined the figures and associated text.
Specifically, we have added additional statistical tests to substantiate our conclusions related to
NEP changes across different sites, demonstrating that NEP declined more significantly in cooler
locations. These updates can be found in lines 462-463.

We have also modified the Abstract accordingly (see lines 51-59).

The editor's confusion is understandable, as there was a typo in lines 317-318. The reported
average NEP change of +75% was intended for the warmer sites, not the cooler ones. We have
corrected this typo and revised our Discussion to clarify the issue raised by the editor (see lines
380-386).

Response to reviewer comments

Reviewer #1 comments

The authors have incorporated my comments. They emphasized some questions that I proposed,
for example, the colinear relationship between variables and soil moisture consideration. However,
I still have some major concerns about the manuscript's written structure.

Introduction: I see a significant revision here. The paper is now much better written, and the
language has improved considerably. However, I think the introduction should focus on three
important aspects: how warm temperature affect GPP, respiration, and NEE, and how soil
temperature and air temperature impacts differ. Why teasing out those two are important? How
climate factors impact on those components. Also, you mentioned that respiration is a complicated
part related to microbial (auto, heter). That's a great point of knowledge. However, since you did
not dive deeply into those aspects, you should not elaborate so much text on them. Instead, keep it
simple and list the knowledge gaps, why winter warming is important and why its’ knowledge



gap. Currently version seems imbalanced compared to how these issues are treated in the results
and discussion sections. So, I think still needs major revision.

Response: Thank you for your comment. We agree with the handling editor that the mechanistic
discussion regarding the drivers of respiration is essential for this paper, especially since some of
this information was requested during the initial review. Therefore, we wish to retain this content
in the text to enhance the clarity of our manuscript.

In the Introduction, we explain how elevated temperatures affect GPP, respiration, and NEE (see
section “Effect of Warming on Forest Carbon Fluxes”). Additionally, we have included new lines
(124-130) that discuss how the impacts of soil temperature and air temperature on CO> fluxes
differ.

In the first paragraph of the Introduction, we emphasize the importance of winter warming and
highlight the existing knowledge gap (lines 71-73).

Figures: I think you should include figures showing GPP, respiration, and NEE anomalies and
their responses to climate factors in the main text. The paper spent time talking GPP, Respiration.
but figures only showing NEE in most of part.

Response: Due to space constraints and the need to focus on the primary findings, we are unable
to include all the data in the main text. However, we believe the selected figures highlight the key
results most effectively.

Abstract:

Line 69: What does this sentence relate to regarding NEE decreasing during warm winters? How
soil temperature and air temperature influence. How their differences.

Response: The original statement was not intended to compare the effects of soil and air
temperature, but rather to examine variations in air temperature across different sites and how these
differences (across sites) impacted NEP differently. We have revised the statement to enhance its
clarity (lines 51-53).

Specific Points:

Line 534: "Changes in winter temperature were more significant in winter than in spring (Figure
2), which is the reason why we focus on the effect of winter warming on..." How can winter
temperatures be significant in spring?



Response: There was a typo in this sentence. The correct phrasing is, 'Changes in air and soil
temperature were more significant in winter than in spring.' We have corrected this error (line 341).

Line 669: This is the first mention of coupling. It seems odd that this is not mentioned in the
lengthy introduction, yet it appears here.

Response: thank you for your suggestion. We have now included an introduction to this topic in
lines 152-161.

Line 862: where the results figure support this? [ mean main figure?

Response: Figure 4 supports this statement and we have reported the average numbers in the results
section.

The paper highlights NEE responses varied among sites, with factors such as forest structure and
local climatic conditions creating microclimates that either buffered or amplified the impact of
warming on CO2 fluxes. However, we knew this.

Response: Thank you for your feedback. We appreciate your point that the role of forest structure,
local climatic conditions, and microclimates in influencing CO> fluxes is well-established in the
literature. Our intention in highlighting these factors was to emphasize how they specifically
shaped the varied NEP responses observed across the study sites under warming conditions. While
these mechanisms are known, our contribution lies in the detailed site-specific data that quantify
the degree of variation in NEP and how these known factors interact in the context of the warming
experiment.

Reviewer #2 comments

I had the honour of reviewing an earlier version of this manuscript, and I’'m happy to see that the
authors put in significant effort to incorporate all suggestions. I thus find the manuscript greatly
improved, although I have a few remaining questions and suggestions that could help a reader
wade through the relative complexity of the story the way it is brought.

Some of these might be misunderstandings on my side, though.

One general comment: please, out of courtesy to the reviewer, mention line numbers where
changes have been made, as otherwise it is a tricky endeavour to trace back those changes in the
text.

Response: We apologize for not including the line numbers in our earlier response letter. We have
now added line numbers to all our responses that refer to specific parts of the text.

Specific comments — line numbers matching with the manuscript with track changes.
L195-196: I find the explanation of Q10 (between brackets) still confusing — consider rephrasing



Response: we have rephrased this statement (lines 124-130). It now reads:

“Previous studies, such as Chen et al. (2020), have demonstrated that Q10, which reflects the rate
of increase in soil respiration with a 10°C rise in temperature, tends to increase as site mean
temperatures decrease. However, the temperature sensitivity of ecosystem respiration is
influenced not only by the direct effects of temperature on metabolic activity in plants and
microorganisms but also by indirect factors such as moisture levels, leaf area index, photosynthate
input, litter quality, and microbial community composition.”

We hope the statement is clear now.

L216 and further: I'm still missing here a mention of how an offset between soil and air
temperature could drastically change the balance of CO2 uptake and release

Response: It was not our aim to make a statement how the offset between soil and air temperature
could change the balance of CO> uptake and release. Our wording in the Abstract was not clear.
We have now modified the abstract (Line 51-53) to clarify this.

L298-301: In its simplest form, the hypothesis ‘Our hypothesis was that warming in winter will
lead to a larger negative effect on net ecosystem productivity (i.e., higher CO2 emissions) across
colder forests due to increased ecosystem respiration.” can be answered through a linear model
with the interaction between mean annual temperature (to identify colder forests) and deltaT (to
identify warming). This would tell you if winter warming would lead to more negative NEP
especially in colder forests. If this simple linear model is true, the story can be greatly simplified
around this finding. If it is not significant, you can still dig deeper for trends in different ways, but
I think putting this direct link between hypothesis and statistics century central in the story would
make it easier to follow

Response: In the Results section, we previously noted the significant relationship between mean
site temperature and delta T across the sites (lines 328-329). We have now elaborated on the
strength of this relationship in the Discussion (line 414), highlighting that it is significant (p < 0.05,
r = -0.53) to support our argument. While we did not include a scatter plot, our focus was on
presenting more critical results that could not be effectively conveyed in text.

It is important to clarify that a significant linear relationship between mean annual temperature
and delta T does not necessarily indicate the magnitude of response in CO; fluxes. Our hypothesis
specifically addresses the effects on CO> flux, which depend on the sensitivity of CO: fluxes to
temperature (e.g., quantified through Q10 or based on data-driven methods tested in our study).
We demonstrated the sensitivity of different sites (in terms of both GPP and Reco) to air and soil
temperatures in Figure 9.



To confirm that winter warming led to a more substantial negative effect on NEP (increased
emissions) in colder sites, we tested this relationship, which proved to be significant (» = 0.66, p <
0.05). We have now included this information in the Discussion section (lines 462-463),
reinforcing our statement in the Abstract that during the warm winter of 2020, colder regions
experienced more significant air temperature anomalies compared to other sites (lines 51-52).

L451-497: are you sure all statistics are discussed in this section? I’'m not entirely sure I could
locate the linear regression for Fig. 9, for example.

Response: we have now added a description to lines 303-312.

L458: ‘a random forest model’: am I understanding this right that there is actually a set of random
forest models, a separate one for each site?

Response: Correct. We have added the phrase 'built for the site' in line 273.

L459: you hadn’t mentioned a model of Reco yet, but here it’s formulated like you did.
Response: We added “NEP, Reco and GPP” (line 271-272).

L468: this ‘after’ doesn’t work grammatically, I believe

Response: We rephrased to “proved to be negligible” (line 283).

L471: this ‘of the model’ might be at the wrong place in the sentence. Please, give all new text
another careful read for grammar.

Response:  we  revised this  statement  (lines  285-288). It now  reads:
“The comparison revealed that the difference in the variance explained (R?) was less than 3%,
indicating a negligible improvement in model performance based on the percentage of variance
explained (see Supplementary Figure 2)”

L494-495: this ‘(also)’ is a bit confusing. Can you perhaps simply say exactly what the x- and y-
variables are in this model? And are these also multiple models, one for each site?

Response: We have now re-written this statement to make it clear (lines 303-308). It now reads:
“To better understand how absolute anomalies in different variables (Rg, Tair, and Tsoil)

contributed to variations in ANEP, we applied the RCVI (as described in Equation 2) derived from
a random forest regression model. This model used ANEP as the response variable and Rg, Tair,



and Tsoil as predictors, with hyperparameters set to ntree = 100 and mtry = 3 (optimized for the
lowest mean squared error). The analysis was conducted at each site, with a minimum of 80 days
of data points.”

L597: Across the colder sites (low latitude or altitude < 1000 m a.s.l.): aren’t these the warmer
sites?

Response: There was unfortunately a typo which we have corrected now (line 380)

L598: I’'m not sure how meaningful that positive mean is, if it is the combination of one highly
positive and two negative values. Or am I misreading the data from Fig. 4?

Response: We have added a statement to streamline the interpretation. In lines 384-386 we wrote:
“Overall, at sites where daily NEP differed significantly during the warm winer, NEP increased
in only 3 sites, while it declined significantly in the remaining 6 sites (Figure 4).”

L602-605: T would put this information in the methods rather than in the results

Response: This statement belongs to the results because it is the result of checking the NEP fluxes
for the effect of the clearcut.

L683-686: You could say this correlation is stronger in sites with high LAI, but you could as easily
say that it is less strong in sites with a deeper snow cover, no? I would intuitively consider the
snow depth to be more influential?

Response: We did look into this and the negative relationship between snow depth and the
correlation of soil and air temperature was not statistically significant (p = 0.11, » = 0.46).
Therefore we only discussed the link with LAI. We added a statement to include this point for the
readers in lines 437-442.

L690: if this statement suggests a decrease in NEP in all but one site, how does that match with
Fig. 4, where 7 sites show a positive change in NEP?

Response: There was an oversight in this statement. We have rewritten the statement which now
fits also to Figure 4 and revised the paragraph. See lines 444-454.

L692: if this balance between air and soil warming is behind this, should a linear model of delta
NEP as a function of delta Tsoil and delta Tair not give a significant interaction? See my next
comment as well, I still feel a bit lacking in statistical support for many of the conclusions.



Response: This point was addressed in detail when we modelled delta NEP in response to changes
in air temperature, soil temperature and radiation (delta Tair, delta Tsoil, delta Rg) as shown in
Figure 9. We added a description of our approach to the Methods section to make it more clear
how we tested these interactions and responses (see lines 303-312).

L763: can this ‘good proxy’ be quantified somehow?

Response: we have re-written this statement to make it clearer (lines 455-465).
L786: grammar

Response: corrected.

Figure 4: I think what both I and the editor were asking for is a scatterplot. If you want to make
conclusions based on cold versus warm sites, then it would make sense to have a scatterplot of
delta NEP as a function of mean annual temperature (so not necessarily as a change, yet). Now,
you take the continuesness out of the mean annual temperature variable, which makes it harder to
interpret the trends. Wouldn’t a continuous representation make interpretations such as on lines
597-601 much more straightforward? You could still label the points with their sitename on a
scatterplot.

Additionally, this would allow you to use a linear model (with site-level means) testing for the
interaction between mean annual temperature and winter warming. Such an interaction should
ideally be significant to give credibility to the conclusion on L688-689, no?

Response: Yes, we tested the relationship between delta NEP and mean site temperature, and found
it to be significant. Additionally, the negative relationship between mean site temperature and air
temperature was also significant. Please refer to our earlier response for details on these points.

Figure 4 illustrates the changes across all sites. However, when examining the link between delta
NEP and mean site temperature, we only included those sites where the changes were significant
compared to previous years. Therefore, we decided to retain Figure 4 as a key figure in the text,
focusing on presenting the most critical results that could not be effectively conveyed through text
alone.

Figure 5-7: while I appreciate the new figures on the relationship between NEP and climatic
variables, these are hard to make sense of due to the large variation within and across sites. |
wonder if more straightforward patterns emerge if plotting (additionally) the predictions of the
machine learning models over the range of environmental conditions at each site. Or can these
models not be used for such predictions? That would be an unfortunate limitation — and then
stronger argumentation is needed on why one would use such models. I’'m mostly asking as an



important part of the conclusion is how the balance between respiration and GPP ultimately
changes NEP, but some clear predictions of how both change with environmental conditions could
make that link more visible.

Response: Yes, we agree that there is a large variation in the relationship between NEP and
Rg/Tair/Tsoil across sites, probably due to varying site-based differences. However, in addition to
the (binned) response of NEP vs Rg/Tair/Tsoil (as shown in Figures 5-7), we have also shown the
relative conditional importance of Rg, Tair, and Tsoil for NEP prediction across sites in Figure 8a,
where a clear pattern of increased importance of Rg and decreased importance of Tair emerges
from cooler to warmer ENF forest sites. This shows the straightforward pattern you request. The
mean variance explained by the random forest model was 78%, indicating that it can be reliably
used for predictions.

Figure 9: while I really appreciate the extra figures, what I think I’m truly missing is across-region
analyses (proving statistically the points that are more or less visible in figures like this one).

Response: We did across-region (all sites together) analysis, but the (multiple linear regression)
model ? was less than 0.05, which is expected as there were divergent (positive and negative)
sensitivities of ATair, ATsoil, and ARg across sites.

Supplementary Figure 2: grammatically, one expects a ‘comparison of X and Y’ and not just of
CX’

Response: We have re-written this statement now. It reads:
“Comparison of the percentage of variance explained by the random forest model, with and
without the inclusion of soil water content (SWC)”.

Now Supplementary Figure 3: you answered the editor that ‘In Figure 2 precipitation anomalies
are displayed as the ratio of precipitation in winter 2020 over mean conditions (converted to
percentage), minus 100 percent ((p*100/p_mean)-100). Thus, positive pr_anom values show drier,
and negative values show more than average conditions.’

Are you sure? If I got 800 mm rain in winter 2020 and 400 mm rain on average, then
((800*100/400)-100) = 100 is positive, so a positive value shows wetter conditions?

Response: In this figure we want to show “dryness” based on precipitation anomalies, by scaling
precipitation anomalies to a number between -100 and 100, where positive means increased
dryness and negative means reduced dryness. Hence we scale precipitation anomaly as:

pr_anom = ((pr/pr_mean)*100-100)*(-1)



We have now corrected the description in the figure caption.
Supplementary Figure 10: have you tested this relationship?

Response: The relationship was not significant which is why there is no regression line in the plot.
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