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Reviewer #1 (Remarks to the Author):

This manuscript evaluates the carbon cycle effects of the European 2022 heat/drought and
compares these to the event of 2018 by using a combination of ground observation from EC
towers, atmospheric inversion approaches, terrestrial biosphere models and remote sensing
products. The main result is that the 2022 event reduced summer carbon uptake across Europe
and that, unlike in 2018 and during previous events, these reductions were not fully compensated
for by anomalies during the side seasons of spring and fall. Consequently, the effect on annual
carbon uptake was more pronounced during the year 2022. The ground observations are focused
on forests, while spatial analyses includes the European continent and regions as a whole.

The manuscript is well prepared and written, with a substantial supplementary material providing
additional details on the analyses. The subject and focus of this manuscript is well within the scope
of the journal and of great interest to the wider research community. This study presents novel
insights on a very recent extreme event across Europe, which are highly relevant for better
understanding the forest carbon. Nonetheless, the manuscript currently has some limitations and I
would suggest various improvements before it can be recommended for publication.

General Comments:

- The Methods are currently explained in the extensive Supplement only and I am wondering, if it
might be helpful for the readers to have at least a summary of the most important aspects in the
main manuscript, i.e. for understanding the regional terms and definition of anomalies.

- The comparison of the triangular stress factor space (see Figure 5) currently appears
inconsistent: temperature itself seems irrelevant as factor AND is by large included in VPD already.
Accordingly, it might be more consistent to only compare SM & VPD for the stress factors.

- The overall discussion of the results would benefit from also comparing the impact of the two
events (i.e. 2028 and 2022) qualitatively to the previous anomalies of 2003 and 2018, particularly
as these impacts are well reported in the literature and/or data from these should be available
from authors in this large team.

- I am wondering, if the anomalies in terms of drought/heat of 201842022 could be compared to
the projections to be expected for end of the century across Europe? This could help putting the
anomaly years into perspective compared to a future climate. Additionally, it might even be
illustrative to also add the years 2003 & 2015 in that comparison for the respective discussion of
previous research results.

Specific Comments:

- Figure 1: please add units of soil moisture

- Figure 2: the relative sizes of the large central map panel vs. the small detailed data side panels
currently appears not optimal to me. The data panels contain the most important information here
and should somehow be displayed larger for actually seeing the details between the
fluxes/seasons/years.

- Figure 3: similarly, like Figure 2, the relative sizes of the panels do not reflect the importance of
content here for me. The bottom panels with example sites shows more quantitatively the
differences compares to the baseline and could be displayed more pronounced compared to the
maps. I am also wondering if the mean/median seasonal cycle across all sites might give a better
overall comparison here?

- Figure 4: I find it rather confusing the NEP panel is displayed in different color's than NIRv &
GPP. What about using the same color scheme consistently across all panels or is there some
reasoning against it? If so, it might help readers to shortly point that out in the caption.

- Figure 5b (bottom row) would benefit from displaying zero lines for both VPD & SPEI for clearly
differentiating between positive/negative anomalies.

- Supplement A: incomplete reference “(see Figure ??)”, please add the respective figure

- Supplement C: ditto as above for “Section ??” please add the respective reference

- Supplement E: it is unclear to me why this study uses incoming solar radiation as a rather
unusual measure to remove data with suppressed (not ‘surpressed’) turbulence, and even if so,
why with such a low threshold of 0.1 W/m2. Solar radiation is rather a common measure to
differentiate between day- and nighttime data, though typically using thresholds of 5 or 10 W/m2.
Please note that suppressed turbulence does not only occur during nighttime.

- Supplement Figure S6: unclear mix-up of fluxes in mol-units versus standard deviations of the
climatology, which do not have a respective axis? In addition, some x-axis site labels are displayed



incomplete

- Supplement Figure S7: some y-axis labels (left & right, superscript & negative numbers) are
displayed incomplete

- Supplement Figure S5: I am rather skeptical that the absolute precipitation anomalies in
mm/month are a useful comparison as some of these sites typically have very little precipitation,
and others large amounts in general. Alternatively, what about using relative precipitation
anomalies, e.g. the rather common measure ‘percent of nhormal’?

- Supplement G: NEP vs. NEE are typically also different regarding their signs, one being a
productivity (NEP) and the other (NEE) being a measure of exchange from the biosphere
perspective. Both are commonly converted via ‘-1 for comparison. It might be helpful for the
readers to elaborate on that.

- Supplement G1: ditto as above for “Figures ??” please add the respective reference

- Supplement G2: ditto as above for “Table ??” please add the respective reference. In addition, it
could be helpful for readers to shortly explain the concept of the Z-scores in Figure S11.

- Supplement Figure S12: as the points appear having little meaning without a label, I would
suggest to consider adding labels with site IDs. I would also suggest displaying colored linear
regression lines for 2018 & 2022 (with stats displayed as text) for quantitatively comparing both
drought year anomalies.

- Supplement G3: ditto as above for “Figure ??” please add the respective reference

- Supplement Figures S16+S17: insufficient resolution as pixel structure is visible

- Supplement Figure S18: labelling of year appears too small, please consider increasing size

Reviewer #2 (Remarks to the Author):

van der Woude et al. present an interesting analysis of the carbon balance effects of the 2022
drought in Europe. The paper covers a lot of ground and brings together many lines of evidence to
show that VPD, temperature and soil moisture anomalies are resulting in large perturbations to the
potential for forest carbon sequestration. Many comparisons are made to previous droughts,
particularly the 2018 drought, but the unique setting of the 2022 drought offers further insights
into large scale continental effects of changing climate regimes. I admit to feeling that the
evidence builds slowly and times seems a bit frustrating but the brief, strong discussion does a
nice job of finally pulling the pieces together. With no major criticisms of the study I did find
several small issues to clarify and found several of the figures in need of improvement.

Introduction
First paragraph — Replace “the continent” with “the European continent” or simply “Europe”

Anatomy of a Summer drought
First paragraph last sentence - Beech is a type of broadleaf forests?

Net Carbon Exchange Impacts

Figure 2 - this is a very busy graph that is very poorly described when introduced in the text and
legend.

For example “(b) Fire fluxes, taken from GFAS28 over the South (blue) and North (red) regions”
but the lines on the graph are blue and yellow rather than blue and red and the map and other
panels use blue as north and yellow as the south?

The *hatching” used in panels c-f is too widely spaced

In panels g-j I assume the gray line is the “climatology between 2016-2022" but this is never
identified.

Figure 3 is similarly not well presented.

The legend states that “together with CO2 monthly mean values in 2022 (red) and 2019-2021
(grey, with one standard deviation in blue)” yet it appears as though the values are in red and
blue with the standard devotion of 2021 in grey.

What makes Ochsenkopf (OXK, C) and Observatoire pérenne de I'environnement (OPE, d)



representative?
Vapor pressure deficit vs. soil moisture

“This switch from sink to source of carbon sink during summer” - I think there is an extra sink.

Discussion

The discussion of TER is extremely interesting but the discussion becomes somewhat confusing
when the following paragraph states that NEP can be successfully simulated — why are these
simulations not affected by the same inaccuracies in TER?

Supplementary files

Figure S6 - the x-axis legend is cut off



1 Reviewer 1 (Anonymous)

1.1 General comments.

o This manuscript evaluates the carbon cycle effects of the European 2022 heat/drought and compares these to the
event of 2018 by using a combination of ground observation from EC towers, atmospheric inversion approaches,
terrestrial biosphere models and remote sensing products. The main result is that the 2022 event reduced
summer carbon uptake across Europe and that, unlike in 2018 and during previous events, these reductions
were not fully compensated for by anomalies during the side seasons of spring and fall. Consequently, the effect
on annual carbon uptake was more pronounced during the year 2022. The ground observations are focused on
forests, while spatial analyses includes the European continent and regions as a whole.

The manuscript is well prepared and written, with a substantial supplementary material providing additional
details on the analyses. The subject and focus of this manuscript is well within the scope of the journal
and of great interest to the wider research community. This study presents novel insights on a very recent
extreme event across Europe, which are highly relevant for better understanding the forest carbon. Nonetheless,
the manuscript currently has some limitations and I would suggest various improvements before it can be
recommended for publication.

We thank the anonymous reviewer for their positive, critical, and constructive feedback. Below, we address the
reviewer’s suggestions one by one, with the reviewer comments in italic and our answers in blue. When we refer to
a figure, we refer to the figure number of the original manuscript and when we refer to line numbers, we refer to
line numbers in the revised tracked changes document.

1.2 Detailed comments.

e The Methods are currently explained in the extensive Supplement only and I am wondering, if it might be
helpful for the readers to have at least a summary of the most important aspects in the main manuscript, i.e.
for understanding the regional terms and definition of anomalies.

We agree with the reviewer and we have added a short methods section to the end of the main text (L.298)
describing how we selected the different regions and describes the most important data used, and their processing.

e The comparison of the triangular stress factor space (see Figure 5) currently appears inconsistent: temperature
itself seems irrelevant as factor AND is by large included in VPD already. Accordingly, it might be more
consistent to only compare SM & VPD for the stress factors.

We understand that this figure may have raised some confusion with the reviewer, as vapour pressure deficit
(VPD) indeed is partly a function of temperature (T), which would make their separation superfluous.

However, what we try to convey in this figure are three dominant and different pathways through which plant
stress reduces photosynthesis. These are (a) the stress resulting from large evaporative demand in the atmosphere,
which we refer to as "VPD stress”, (b) stress resulting from a lack of plant available water in the soil ("root-zone SM
stress”), and (c) thermal stress that impairs the enzymes in the leaves that play a role in photosynthesis (” T-stress”,
see e.g. Hu et al. [2020]). The latter is the right-hand side of the triangle. VPD stress in the SiB4 numerical model
is separately calculated from leaf T-stress, based on atmospheric relative humidity through the Ball-Berry equation.
In the study we show VPD instead of RH because it is more informative on absolute water potential at the leaf
stomata, and we refer to the associated stress as " VPD-stress”. We now explain the differences in more detail in
the caption of the figure to help the reader understand the three axes of stress.



Figure 1: Stress factors for the three different stresses in SiB4 for the South of Europe in JJA 2022 . The lower the stress
factor, the lower GPP is. Only the most dominant (lowest) stress factor is applied to reduce modeled photosynthesis.

Another point that the reviewer rightfully mentions, is the lack of T stress shown in Figure 5. In SiB4, the
photosynthetic capacity is calculated based on the most limiting stress. We have added a figure with the maximum
T stress for JJA 2022, as well as the maximum SM and VPD stress (Fig. 1). For clarity, we zoomed in on the
South of Europe, where temperature (and thus thermal stress) is highest. From this figure, it is clear that although
the high temperatures give stress to the vegetation, it is not the most dominant stress, as also discussed in Fu et al.
[2022], Liu et al. [2020]. We have added a note about this in the supplement in L.743..

e The overall discussion of the results would benefit from also comparing the impact of the two events (i.e. 2028
and 2022) qualitatively to the previous anomalies of 2003 and 2018, particularly as these impacts are well
reported in the literature and/or data from these should be available from authors in this large team.

We agree with the reviewer that comparing these different droughts would improve our discussion. In the
manuscript, we try to compare the 2022 drought to the 2018 drought, but indeed also 2003 is an interesting case
study. Therefore, we have added additional comparisons to the 2003 drought to the discussion (L.234-247), in which
we show that the 2003 drought showed a less strong response, even though first estimates of its NEP anomaly were
considerably larger [Ciais et al., 2005]. Moreover, we have added a reference to the 2015 drought, of which the
carbon impacts remain under-studied, in L.115.

o [ am wondering, if the anomalies in terms of drought/heat of 2018+2022 could be compared to the projections
to be expected for end of the century across Europe? This could help putting the anomaly years into perspective
compared to a future climate. Additionally, it might even be illustrative to also add the years 2003 & 2015 in
that comparison for the respective discussion of previous research results.

We agree with the reviewer that such an analysis of future projections would be valuable. However, placing one
event in the perspective of climate change remains challenging. A possibility to do this would be e.g. by attribution
studies. For example, Schumacher et al. [2023] found that the 2022 soil moisture drought is about 5 times as likely
in 2022 as it was in pre-industrial times, owing to rising global temperatures. Moreover, they estimate the return
time of such a drought to increase from once in every 100 years (pre industrial), via 1 in every 20 years (current)
to 1 in every 10 years with 2 degrees warming. This increased drought frequency has also been found by Spinoni
et al. [2018], who show that extreme droughts over Europe will be more frequent, with an increase of up to 1.2
events/decade in the near future, based on the intermediate RCP4.5 scenario.

Given these studies, we think a new attribution analysis would require a large, dedicated effort and is outside the
scope of this research. To put the anomalies in perspective, as the reviewer suggested, we have added a paragraph
to the discussion (L.284-291), which includes the points made above.



1.3 Technical corrections.
Specific Comments:
e Figure 1: please add units of soil moisture

We agree with the reviewer that adding this unit (m3m—2, which we simplified to unitless) improves the under-
standing of the figure, and have changed it.

e Figure 2: the relative sizes of the large central map panel vs. the small detailed data side panels currently
appears not optimal to me. The data panels contain the most important information here and should somehow
be displayed larger for actually seeing the details between the fluxes/seasons/years.

We have updated the relative sizes of the figures. Note that we might solicit assistance from the journals
graphical design team to further improve the setting of this figure.

o Figure 3: similarly, like Figure 2, the relative sizes of the panels do not reflect the importance of content
here for me. The bottom panels with example sites shows more quantitatively the differences compares to
the baseline and could be displayed more pronounced compared to the maps. I am also wondering if the
mean/median seasonal cycle across all sites might give a better overall comparison here?

We agree with the reviewer, and thank them for the suggestion to add a mean seasonal cycle across all sites.
To inform the reader the statistics of the mole fraction anomalies, we have added boxplots of these anomalies as a
subplot to the figure.

e Figure 4: I find it rather confusing the NEP panel is displayed in different colors than NIRv & GPP. What
about using the same color scheme consistently across all panels or is there some reasoning against it? If so,
it might help readers to shortly point that out in the caption.

We have chosen different colour maps for GPP+NIRv and NEP, as we wanted to indicate the difference between
GPP (for which NIRv is a proxy) and NEP. We agree with the reviewer that this should be elaborated on in the
caption, and have added it.

e Figure 5b (bottom row) would benefit from displaying zero lines for both VPD € SPEI for clearly differentiating
between positive/negative anomalies.

We agree with the reviewer and have added these lines.
o Supplement A: incomplete reference “(see Figure 77)”, please add the respective figure

We thank the reviewer for noting this. In the updated version, we moved this section (based on the reviewers
comment about including a methods section), and have made sure the correct reference is present.

e Supplement C: ditto as above for “Section 2?7 please add the respective reference
We thank the reviewer for noting this and have added the respective reference to the main text.

e Supplement E: it is unclear to me why this study uses incoming solar radiation as a rather unusual measure
to remove data with suppressed (not ‘surpressed’) turbulence, and even if so, why with such a low threshold
of 0.1 W/m2. Solar radiation is rather a common measure to differentiate between day- and nighttime data,
though typically using thresholds of 5 or 10 W/m2. Please note that suppressed turbulence does not only occur
during nighttime.



There was indeed a confusion in the writing of the EC methods, and we thank the reviewer for noting it. We
have updated the text (in the newly added Methods section, L.310) to better explain the preprocessing pipeline.
For completeness, we have added the relevant part of the methods paragraph here, with some additional explanation:

NRT data were cleaned and checked following Sabbatini et al. [2018], Pastorello et al. [2020]. Subsequently, av-
erage fluxes were corrected for periods of low friction velocity (u* method), following Papale et al. [2006]. All gaps
were then filled using the marginal distribution sampling (MDS) algorithm from Reichstein et al. [2005]. Finally,
NEE partitioning into GPP and ecosystem respiration was done using the night-time based temperature response
of NEE following Reichstein et al. [2005]. u* calculation and filtering, gap-filling and fluxes partitioning were all
performed using the REddyProc R package [Wutzler et al., 2018].

We note that the REddyProc package uses a threshold of 10 W/m? for separating day- and night-time data.

Apart from the pre-processing in the REddyProc software, we used an incoming radiation threshold of 0.1Wm ™2
to differentiate between night- and daytime data for the analyses shown. Following the suggestion of the reviewer,
we have changed that to 10Wm™2, consistent with the REddyProc threshold. We note that this change leads to
the exclusion of 7.5% of the data used, which affects the main text in 1..162, decreasing the effect of the drought
from 27% to 21%. Additionally, it affects Table 1 and Figure 5. Moreover, it affects Figures S5, S6, S11 and S12
(in the updated manuscript) and Tables S4, S5 and S9. We note that differences do not affect the main findings of
the manuscript.

We also learned that an error occurred in the (external) processing of precipitation data of the site CH-Dav.
We have updated our plots and tables with the new, improved data.

Moreover, we noted that we made a mistake in calculating the SPEI for the different sites. Instead of using
potential evapotranspiration, we used the actual evapotranspiration. In the new version of the manuscript, this is
updated and we have updated the text to represent the calculation of the potential evapotranspiration. We note
that the differences in resulting SPEI are small, often smaller than 0.3, and that this does not affect the main
results.

o Supplement Figure S6: unclear miz-up of fluzes in mol-units versus standard deviations of the climatology,
which do not have a respective axis? In addition, some x-axis site labels are displayed incomplete

The indicated standard deviation of the climatological fluxes, as well as the anomalies, are already in flux-units
(umol m~2 s71). However, we note that in the PDF rendering, some labels were inadvertently cut off, which we
have fixed in the revised version.

o Supplement Figure S7: some y-axis labels (left € right, superscript € negative numbers) are displayed incom-
plete

We thank the reviewer for noting this and have corrected this.

o Supplement Figure S5: I am rather skeptical that the absolute precipitation anomalies in mm/month are a
useful comparison as some of these sites typically have very little precipitation, and others large amounts in
general. Alternatively, what about using relative precipitation anomalies, e.g. the rather common measure
‘percent of normal’?

We assume here that the reviewer meant Table S5, instead of Figure S5.
We agree with the reviewer that displaying precipitation anomalies in % is more intuitive, and have changed
the table. We did this as well for Table S4.



e Supplement G: NEP vs. NEE are typically also different regarding their signs, one being a productivity (NEP)
and the other (NEE) being a measure of exchange from the biosphere perspective. Both are commonly converted
via -1 for comparison. It might be helpful for the readers to elaborate on that.

We thank the reviewer for noting this, and helping clarifying the paper for the general public. The definition of
our fluxes gave rise to discussion within our author team as well, since the recently proposed definitions by Ciais
et al. [2022] do not fit perfectly with the two fluxes we present in the main text. (1) the SiB4 biosphere model fluxes
most strongly represent the difference between GPP and TER, and thus ”NEP” would fit, although the respiration
of SiB4 represents all carbon losses, including for example reduced species like VOCs. (2) For the inverse estimates,
NEE would fit best as it represents all exchange from the surface, except that we excluded most of the fire impacts
by either not being sensitive to them, or by filtering large peaks in the data before inverting. As a result, both fluxes
represent a much similar anomaly: that of the carbon uptake by vegetation, which is also measured by EC sites.
Since we refer to this as ”NEE” in Smith et al. [2020] -like was done in many inverse modeling papers previously- we
decided here to refer to all our fluxes as NEE, with the specific note (L.345) that we quantify fire fluxes separately.
Throughout the paper, we are careful to explain the reader what flux component we refer to (see L.321 and L.698
for examples). We also specifically address the sign convention in the text now (in L.81, as well as in the caption
of Table 1 and Figures 2 and 4.)

o Supplement G1: ditto as above for “Figures ??2” please add the respective reference
We thank the reviewer for noting this and have added the reference.

o Supplement G2: ditto as above for “Table 22”7 please add the respective reference. In addition, it could be
helpful for readers to shortly explain the concept of the Z-scores in Figure S11.

We have added the reference, as well as an explanation of the calculation of the Z-score to Figs. S7, S8 and S12
in the new document, and thank the reviewer again for helping clarifying the manuscript for the broader public.

o Supplement Figure S12: as the points appear having little meaning without a label, I would suggest to consider
adding labels with site IDs. I would also suggest displaying colored linear regression lines for 2018 & 2022
(with stats displayed as text) for quantitatively comparing both drought year anomalies.

We thank the reviewer for bringing up this point, which made us reconsider this figure and improve it according
to the suggestion. We moreover expanded the panels to show extra details as below.

The original figure mostly showed that SiB4 does not capture the site-to-site variations of GPP anomalies as
well as it seems to do for NIRv anomalies. This is also reflected in the lower correlation coefficient (R=0.54, N=14)
for the 2022 data we plotted in Figure S12, and provided in the Table below. The reason for this is two-fold: firstly,
at EC-site level the correspondence of the environmental drivers at grid level (ERA5) compared to site level is
much worse in 2022, compared to 2018, with at many sites the SPEI of the ERA5 driver data substantially lower
than in the EC-observations (the mean difference of SPEI in July smaller than 0.5 only for 3 out of 14 sites). This
was less so in 2018 when the correlation coefficients between site-observed and SiB4-modelled GPP and NEP were
higher, and the slope of the site-to-site difference steeper suggesting we captured more of the variation across space.
Secondly, SiB4 is unable to simulate the observed near shutdown of photosynthesis during the most extreme period
of 2022, thus missing the high end of the impacted sites.

However, this does not mean that SiB4 has a poor drought response in GPP, it just does not do well representing
each site with the gridded driver data provided, a well-known shortcoming in evaluations of biosphere models. So
in addition, we have created a plot where the SPEI anomaly of model and EC observations is on the x-axis, and
we regress it against the corresponding GPP-anomalies. This is shown in an expanded version of Figure S12, with



regression coefficients given in Table 2. It shows that SiB4 captures the slope of AGPP/ASPEI very well (SiB4:
slope 2.0 vs EC: slope 2.5 (1 mol m~2s71) and thus the drought response across the SPEI gradient. This, together
with its high correlation with NIRV anomalies spatially, lends credence to its drought response at larger scales.
Note that because of the offset in the fitted AGPP, and the lack of ”shutdown” at extreme SPEI’s, we now explain
the SiB4 GPP integrals as a lower limit to the estimates in the main text (L.142-150), as well as in the Supplement
(L. 721-736).We show the updated Figure S12 (now S13) here for completeness (2). As we agree with the reviewer
on its points regarding the statistics (Table 1), we have added these. As the statistics shown in Table 1 already
capture the original scatterplots in the Figure, we have removed these. Note that for the AGPP-SPEI plot, we
opted not to add labels, as the main point is not to show the magnitude of the reduction in GPP at sites, but the
relation between SPEI and GPP reduction.

Table 1: Linear regression statistics of AGPP from EC sites and SiB4 in corresponding gridcells.

Slope Intercept R P

GPP 2018 | 0.56  0.32 0.86 TE-5
NEP 2018 | 0.51 0.20 0.81 4E-4
GPP 2022 | 0.25  0.30 0.54 0.047
NEP 2022 | 0.24  0.11 0.59 0.027

Table 2: Linear regression statistics for SiB4 and EC-measured GPP and NEP

Slope Intercept R P
EC | 2.5 -0.46 0.53 0.049
SiB | 2.0 0.77 0.81 5E-4

o Supplement G3: ditto as above for “Figure ?2” please add the respective reference

We have added the reference.

o Supplement Figures S16+S17: insufficient resolution as pizel structure is visible

We agree with the reviewer and have increased the resolutions

o Supplement Figure S18: labelling of year appears too small, please consider increasing size

We agree with the reviewer and have increased the label size.
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Figure 2: a) GPP and anomalies in JJA of 2018 (blue) and 2022 (orange) at SiB4 and EC sites; b) like a) but for NEE;
a) GPP anomalies in JJA 2022 as function of SPEI for EC (blue) and SiB4 (orange); b) Seasonal cycle of the site FR-Hes.
The solid blue (orange) line shows the measured (simulated) GPP in 2022 and the blue (orange) shading the climatology
(2016-2021, mean + 1o). We note that the SPEI in July of 2022 based on site-measured meteorology is -1.7, and the SPEI
according to SiB4 driver data is -0.16.



2 Reviewer 2 (anonymous)

van der Woude et al. present an interesting analysis of the carbon balance effects of the 2022 drought in FEurope.
The paper covers a lot of ground and brings together many lines of evidence to show that VPD, temperature and
soil moisture anomalies are resulting in large perturbations to the potential for forest carbon sequestration. Many
comparisons are made to previous droughts, particularly the 2018 drought, but the unique setting of the 2022 drought
offers further insights into large scale continental effects of changing climate regimes. I admit to feeling that the
evidence builds slowly and times seems a bit frustrating but the brief, strong discussion does a nice job of finally
pulling the pieces together. With no major criticisms of the study I did find several small issues to clarify and found
several of the figures in need of improvement.

We thank the anonymous reviewer for their feedback and constructive comments, which help to improve the
paper. Below, we address the comments one by one, with the reviewer comments in italic and our answers in blue.
When we refer to line numbers, we refer to line numbers in the revised tracked changes document.

2.1 Detailed comments:

e Introduction First paragraph — Replace “the continent” with “the Furopean continent” or simply “Europe”
We have changed the sentence in L.31.

e Anatomy of a Summer drought First paragraph last sentence — Beech is a type of broadleaf forests?

We thank the reviewer for noting this, and have changed the text to only contain beech forests in L.66.

e Net Carbon Exchange Impacts Figure 2 — this is a very busy graph that is very poorly described when introduced
in the text and legend. For example “(b) Fire fluzes, taken from GFAS28 over the South (blue) and North
(red) regions” but the lines on the graph are blue and yellow rather than blue and red and the map and other
panels use blue as north and yellow as the south? The ‘hatching” used in panels c-f is too widely spaced In
panels g-j I assume the gray line is the “climatology between 2016-20227 but this is never identified.

We thank the reviewer for their comments on this important figure and helping improving it. We have tried
to address the concern but we find it not easy to make a more aesthetically pleasing figure. We are considering to
solicit assistance from the journals graphical design team to improve the setting of this figure.

o Figure 3 is similarly not well presented. The legend states that “together with CO2 monthly mean values in
2022 (red) and 2019-2021 (grey, with one standard deviation in blue)” yet it appears as though the values
are in red and blue with the standard devotion of 2021 in grey. What makes Ochsenkopf (OXK, C) and
Observatoire pérenne de l'environnement (OPE, d) representative?

We thank the reviewer for noting the confusion in the caption and have changed it.

We have chosen OXK and OPE, because they show anomaly values that correspond well to other stations shown
on the maps in the same figure (we have added a mean seasonal deviation to the subplot, which corresponds well
to these two stations). We have added a short explanation about this in the caption as well.

e Vapor pressure deficit vs. soil moisture “This switch from sink to source of carbon sink during summer” — I
think there is an extra sink.

We thank the reviewer for noting this textual inconsistency and have removed the second ’sink’ in L.169.



e Discussion The discussion of TER is extremely interesting but the discussion becomes somewhat confusing
when the following paragraph states that NEP can be successfully simulated — why are these simulations not
affected by the same inaccuracies in TER?

The reviewer raises a good point here, that indeed deserves further explanation in the text.

Many previous studies [Baldocchi, 2008, Lasslop et al., 2010, le Maire et al., 2010] have shown that, although
GPP and TER are separate gross fluxes resulting from different processes with individual responses, they often
co-vary as they are sensitive to similar drivers. It is well-known that TER has a (soil-)T dependence, but also low
soil moisture is known to inhibit TER [Orchard and Cook, 1983]. The variations in GPP are often the dominant
variation in NEE, especially during daytime in summer, when GPP can be twice as large as TER [Tolk et al., 2009].
The GPP response is also relatively well-observed in EC-measurements, and in satellite observations such as NIRv.
Therefore, GPP is the component of SiB4 modeling that we have been able to validate better than TER. The TER
drought response in itself is partly observable at EC-sites and presented in Table 1, confirming that it reduces
during the drought just like GPP, and as explained above. The balance of the GPP and TER change constitutes
the simulated NEE response, which is independently constrained by the observed changes in atmospheric CO5 mole
fractions that it drives. Multiple combinations of GPP and TER can lead to the same NEE, and there is also a
degree of cancelling errors in the gross fluxes, and therefore a good NEE response is easier to obtain than good
responses in gross fluxes (see Peters et al (2018) and the multi model-data comparisons in its Supplement). For
SiB4, we find that from a reasonable simulation of GPP, we can infer that the TER response is credible at least in
sign and magnitude, and its NEE response is represented well, despite flaws in gross fluxes.

In the discussion (L.258-275) of the revised manuscript, we have now explicitly explained the indirect and weaker
constraints on TER offered this way, in an attempt to address the reviewer’s valid comment. The new paragraph
reads:

The GPP impact on atmospheric CO5 is typically larger and more variable than that of TER in summer Tolk
et al. [2009], Piao et al. [2020]. Our study nevertheless suggests also a role of TER and soil moisture in the drought
response, as we find a strong reduction of GPP which, according to the atmospheric CO5 mole fraction constraints,
does not fully balance observed NEE reductions without also considering a TER reduction. However, contrary to
GPP, which can be estimated from satellite products, TER cannot currently be quantified on a large scale (although
recently advances in the quantification of the temperature sensitivity of TER have been madeSun et al. [2023])).
Locally, our EC observations indeed show reduced TER and reduced GPP due to the drought in the South region
in 2022. In the Centre region however, this effect is weaker (Supplementary Fig. S12 of the revised manuscript).
Although we lack the observations to verify this, we hypothesise the GPP response is dominated by the atmospheric
stress through VPD, while the soil moisture limitation that would also affect TER is smaller. Biosphere models
vary strongly in simulations of such a TER response Clark et al. [2011], Peters et al. [2018], Haynes et al. [2020] and
recent work suggests a general overestimate of temperature sensitivity Sun et al. [2023]. The good correspondence
to atmospheric data nevertheless indicates a good NEE drought response in SiB4 which, together with a reasonable
response in GPP, also suggests a reasonable TER response of SiB4.

o Supplementary files Figure S6 — the z-azis legend is cut off

‘We have resolved this issue.
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Reviewer #1 (Remarks to the Author):

The authors thoroughly addressed the concerns raised in the initial reviews and they have put in
substantial efforts to revise the manuscript in a well-documented way. Accordingly, I recommend

the publication of this very well prepared manuscript.



