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Reviewer #1

In the manuscript "Intercomparison of methods to estimate GPP based on CO2 and COS flux 
measurements", the authors compare 4 different models for calculating GPP on ecosystem level. 
Two of them are based on CO2 and environmental measurements, whereas the other 2 include a 
dependence on carbonyl sulfide fluxes. The GPP, based on a neural network, agreed very well with 
classic flux partitioning. The GPP based on the LRU of chamber measurements from the top of the 
canopy also agreed well with the classic approach, but tended to overestimate GPP during periods 
of high incoming photosynthetic radiation. The second COS based approach, using a stomatal 
optimization model, agreed much better with classic flux partitioning and, although its 
implementation to other field sites might be promising, still needs to be tested.

I generally agree, that this manuscript deserves to be published, but I have some questions and 
suggestions to improve the document.

We thank the reviewer for their insightful and helpful suggestions for improving the manuscript.

General comments:
 I suggest using an ANOVA and post-hoc tests to compare the results of 4 different models, 

daytimes and timescales instead of doing t-tests between only 2 of them. This could also end
up in a nice table/plot for the reader. It's sometimes hard to grasp the differences within the 
text, which model results in a higher/lower GPP at different timescales and daytimes.

We thank the reviewer for this suggestion! We have performed ANOVA and post-hoc tests for the 
data set and will replace the t-test results with these. The result figures will be put in the appendix. 
The ANOVA test shows that GPPANN and GPPNLR are not statistically different at any time scale, 
while GPPCOS,PAR differs from GPPNLR at 30 min and daily time scales and GPPCOS,CAP differs from 
GPPNLR only at daily time scale. GPPCOS,PAR and GPPCOS,CAP differ statistically only at 30 min time 
scale.

Figure 1: ANOVA test results for 30 min GPP data. Gray bars indicate no difference to the reference
(blue) and red bars indicate statistical difference to the reference. The results show that only 
GPPCOS,PAR differs statistically from GPPNLR at 30 min time scale.



Figure 2: ANOVA test results for daily GPP data. Gray bars indicate no difference to the reference 
(blue) and red bars indicate statistical difference to the reference. The results show that both 
GPPCOS,PAR and GPPCOS,CAP  differ statistically from both GPPNLR and GPPANN at daily scale. 
GPPCOS,PAR and GPPCOS,CAP do not differ from each other.

Figure 3: ANOVA test results for monthly GPP data. Gray bars indicate no difference to the 
reference (blue) and red bars indicate statistical difference to the reference. The results show that all
GPPs are statistically the same at monthly scale.

 (Also, if a pairwise t-test is used to compare so many samples, the p-values need to be 
adjusted - see Bonferroni Holm).

We thank the reviewer for pointing this out. The t-test results will be replaced by the ANOVA test.

 I also think the publication would profit if you put plots showing the modeled versus the 
measured daytime NEE (for all approaches) for interested readers into the supplement (to 
compare over/underestimation of the models).



Thank you for this suggestion. While neither of the methods were developed in this paper, 
we will add comparison plots (see below) to the appendix for the interested reader. 
However, this comparison was limited to the NLR and ANN methods only, since we do not 
have an independent respiration estimate from COS fluxes in order to derive a model for 
NEE.

Figure 4: Modeled against measured NEE using (a) NLR and (b) ANN models for modeling NEE.

 Where do the differences between the daily and monthly GPPs averages come from?
Because of reduced noise when averaging over longer time. The differences, however, are relatively
small.

 I suggest having an English native speaker proofread the manuscript since some sentences 
feel off.

The revised manuscript will be proofread by co-author Roderick Dewar, a native English speaker.

Specific comments:
38-40 The daytime approach of Lasslop et al. does not assume, that the respiratory processes are the
same during day and nighttime, at least the base respiration is based on daytime data!
In Lasslop et al. (2010) they acquire the respiration related parameters from both nighttime and 
daytime data. When extrapolating their daytime model for daily and annual NEE, they write “For 
estimates of daily or annual NEE, respiration was extrapolated into the nighttime using Tair 
measured during the night and the values obtained for E0 and rb.” so in this sentence they do assume
the repiratory processes to be the same during day and night, as the parameter values are assumed to
be the same.

60 The carbonic anhydrase is also located within the cytoplasm. I would add this information. (see: 
Polishchuk, O. V. (2021). "Stress-Related Changes in the Expression and Activity of Plant Carbonic 
Anhydrases.")
We will add this information in the text:  “COS has been proposed as a proxy for GPP because it is 
taken up by plants through the same diffusive pathway as CO2 and transported to the chloroplast 
surface. There it is destroyed by a hydrolysis reaction catalyzed by the enzyme carbonic anhydrase 
(CA, also located within the cytoplasm (Polishchuk, 2021)), while CO2 continues its journey inside 
the chloroplast, where it is assimilated in the Calvin cycle (Wohlfahrt et al., 2012).”



99 Was the friction velocity threshold applied during both day and nighttime?
Yes, as stated in the manuscript "a threshold of 0.3 m s−1 was applied to the whole data set”

105 For the sake of completeness, it would also be nice to have the company/origin of pt100 sensor 
stated here.
Unfortunately, the company/origin of the sensor is unknown.  

112 Why did you use 50% as a threshold?
We wanted to avoid days when most of the data was missing. Since COS measurements have a low 
signal-to-noise ratio, 50% was a good compromise to still include enough data, as e.g 75% would 
already be quite strict. In Vesala et al., (2022) 52 % of the COS flux data (the same data set that was
used in this study) were discarded due to quality filtering in total. While this is a subjective tradeoff,
it ensures that the analyzed daily GPPs originate as much as possible from measured fluxes and not 
too much from the gapfilling/partitioning procedure.We will clarify this in the revised manuscript as
“In Vesala et al., (2022), COS fluxes were found to have 52% data availability on average. While 
setting a 50% threshold is somewhat subjective, it ensures that the analyzed daily estimates of GPPs
reflect measured fluxes rather than the gap-filling procedure.”

168 I think the 4 th method should get a separate section including a title like the other 3.
We agree. We will separate the two LRU approaches into their own sections in the revised MS, as 
suggested.

186 Why did you use these exact values? Is there a reference for them? In which way will this 
influence the resulting LRU during the season regarding over and underestimation. It would be nice 
to see a sentence or two about this.
These values are representative of Scots pine at the Hyytiälä site. This will be clarified in the 
revised MS as: “While Γ* and α vary seasonally with temperature, for simplicity we used fixed 
values representing the growing season averages 50×10−6 mol mol−1 and 0.05 mol mol−1, 
respectively, (Bernacchi et al., 2001; Leverenz and Öquist, 1987).” 

Their influence on the resulting LRU is already revealed by our comparison of LRU obtained from 
the literature values of Γ* and α with LRU obtained from best-fit values of parameters X and Y (in 
which Y depends on the ratio Γ*/ α). Even though literature-based and fitted values of Y differ by a 
factor of three, the difference in LRU is relatively small (median difference of 4%). Although we 
explain this on L233-240, we will further clarify this point in the revised paper: “This mismatch 
suggests there may be scope for further model improvement, such as the inclusion of dark 
respiration and/or finite mesophyll conductance in the LRUCAP model. However, as the difference 
between fitted LRUCAP and LRUCAP with only literature values (statistical significance tested with 
Student’s t-test, p<0.01) was not large with a median difference of 4 %, and the applicability of the 
model without fitting is better, we decided to use the literature value-based LRUCAP in this study, 
without fitting to LRUch.”

193 I am not sure the data is presented in a form, that will help the reader understand the data. 
Maybe it would be better to sort the sentences chronologically from 2013 to 2017 or group them by 
the environmental variables following Fig 1.
We will organize the text chronologically from 2013 to 2017 in the revised manuscript.

202 What does slightly higher mean? Can you give a percentage or absolute values?
The midday fluxes differed by 12 %. This information will be added in the revised manuscript: 
“GPPANN showed on average 12 % higher midday values than GPPNLR during summer months 
(May–July) in 2014 and 2017”



209 Was the half-hourly data also statistically different?
ANOVA test for 30min fluxes show that GPPNLR,GPPANN and GPPCOS,CAP do not differ statistically 
from each other, but GPPCOS,PAR differed from all other methods. We will add discussion about this 
in the revised MS as: “During the measurement period 2013–2017, 30 min, daily and
monthly GPPANN did not differ from GPPNLR statistically (tested with the ANOVA test; Fig. B3-B5).”.

210 How can GPPnlr be negative? Shouldn’t the equation make it positive in any case, and set it to 
0 when the air temperature is below 0?
GPPNLR is defined as GPP=R(modeled)-NEE(measured) whenever NEE measurements are 
available. When NEE measurements are missing, GPP is modelled with Eq. 2. This was not 
explained well enough in the previous version of the manuscript and we will add clarification and 
reorganize the text in the revised version. As there is always noise and uncertainty related to 
measured NEE, the GPP derived from flux measurements can also be negative if |NEE|>R.

215-216 The GPP difference in 4d is not for daily but for 30 min data, “e” shows daily values.
Thank you for noticing this, we will fix it in the revised MS.

232 LRUcap might be higher than LRU from chamber measurements. The LRU chamber 
measurements might not be best in representing the whole canopy. The higher LRU of GPPcap 
might even be closer to the true LRU value of the canopy, depending on the position of the chamber
measurements. A higher LRU indicates more COS uptake per CO2 uptake, which might happen in 
the lower part of the canopy since there is less PAR, but the COS uptake should continue 
unhindered. I would refrain from concluding that LRUcap was overestimated during times of high 
radiation, but discuss the difference (and possible reasons) between the two COS based GPP.
This is a good point, the LRU from chamber measurements represents the top canopy only, 
therefore well-radiated conditions. LRUCAP is also calculated using PAR at the top of the canopy. 
Therefore differences between LRUCAP and LRU from chamber measurements may reflect 
limitations of the theory underlying LRUCAP (e.g. neglect of leaf respiration) rather than differences 
in canopy position. Differences between  GPPCOS,PAR and GPPCOS,CAP most likely reflect intrinsic 
differences in the dependence of LRUPAR and LRUCAP on environmental drivers (PAR, VPD, 
SWC). This will be clarified in the revised MS as: “However, it was noted that LRUCAP was higher 
than LRUch and LRUPAR at high radiation (PAR > 1000 μmol m−2s−1, Fig. B6a). This may reflect 
intrinsic differences in the dependence of LRUPAR and LRUCAP on environmental drivers (PAR, VPD, 
SWC), as both of them represent LRU at the top of the canopy.”

234 I feel like introducing 2 new “parameters” in the result section is the wrong place, introduce 
them in the methods section.
The text introducing parameters X and Y will be moved to the Methods section 2.3.3 in the revised 
manuscript, as suggested.

239 Instead of writing “not large” can you tell if they are statistically different, and which one was 
higher/lower.
The RMSE of the modeled LRU to measured LRU decreased from 2.01 to 1.89 when performing 
the fitting (as mentioned on line 236). The fitted LRU was larger with a median value of 2.53 while 
without fitting 2.42, and the difference between these two methods was 4 %. They were also 
statistically different (tested with Student’s t-test, p<0.01). This information will be added to the 
revised MS: “However, as the difference between fitted LRUCAP and LRUCAP with only literature 
values (statistical significance tested with Student's t-test, p<0.01) was not large with a median 
difference of 4 %, and the applicability of the model without fitting is better, we decided to use the 
literature value-based LRUCAP in this study, without fitting to measured LRU. ”.



250-253 I don't think the comparison to a full season is needed, only state, that these cumulative 
measurements account for 13 weeks around the peak growing season.
Comparison to full growing season removed.

274 How did you find the saturation point. Which algorithm did you use?
We checked when diff(GPP)/diff(PAR) was less than 0.01. This happened at PAR>479 µmol m-2 s-1.

279 You could put a reference for Figure B2 here, showing the higher LRU at higher PAR
for LRUcap
Reference for Fig B2 will be added.

283 Usually, an increase in VPD should decrease the stomatal conductance/GPP. (see page 480-481 
Körner, C. (1995). Leaf Diffusive Conductances in the Major Vegetation Types of the Globe. 
Ecophysiology of Photosynthesis. E.-D. Schulze and M. M. Caldwell. Berlin, Heidelberg, Springer 
Berlin Heidelberg: 463-490. and Lasslop, G., et al. (2010). "Separation of net ecosystem exchange 
into assimilation and respiration using a light response curve approach: critical issues and global
evaluation." Global Change Biology 16(1): 187-208. The correlation between VPD and GPP in 
spring might only be caused by the correlation of the air temperature with VPD.
We will add clarification in the revised MS: “However, the apparent increase in GPP with VPD in 
spring could be caused by the correlation of Ta with VPD, coinciding with the start of the growing 
season, as the trees are not water-limited after snow melt.”

286-289 Since you have not observed a drought or heatwave, these sentences feel unnecessary.
The sentences about drought/ heatwave will be removed from the revised MS.

303 State the difference here, "similar" feels unclear.
The revised manuscript will state “...we observed a 25% difference in the midday GPP during 
summer, similar to what was found in Kooijmans et al., (2019)...”

316 I actually dislike the term measured LRU, as LRU is a product of GPP and COS fluxes, so it 
can't be measured. I suggest replacing measured LRU with “LRU derived from chamber 
measurements” or a wording that is more representative for the LRUs calculation.
We agree with the reviewer and will change “measured LRU to “LRU derived from chamber 
measurements” or shorthand LRUch throughout the revised manuscript.

318 Why was it not comparable to the chamber measured LRU?
With this sentence we meant that the finite gm method didn’t compare as well as the infinite gm 
method (agreement was not as good) with the LRU derived from chamber measurements. We will 
clarify this sentence in the revised MS and add quantification of the disagreement: “We also provide
a formulation of LRUCAP with finite gm, which did not compare well with LRUch at Hyytiälä forest 
(RMSE=2.58, median difference to LRUch 22%), especially during low light conditions, but could 
compare better at other measurement sites”.

322 It would be nice to have the information about the position of the leaf chambers in the methods 
section, so that the reader knows what the basis for the LRUpar is.
We will add this information in the methods section 2.3.3 as: “This LRU equation was based on 
field measurements of pine branch CO2 and COS fluxes with two chambers placed at the top of the 
canopy in 2017 at the same site and were thus independent from the EC flux measurements 
(Kooijmans et al., 2019).”

336 I am not sure that you should conclude that the LRUcap model underestimates GPP during 
midday compared to GPPpar. Due to the aforementioned issue of only having a chamber at the top 



of the canopy, the GPPpar might be overestimated and GPPcap could actually better. (The LRU at 
the top of the canopy might be lower compared to areas within the canopy). I propose, just writing 
that the GPP is lower instead of underestimated, since “underestimated” gives the impression that 
GPPpar is correct.
We have changed the wording “underestimated” to “lower”, as suggested.

Fig 3 Is this figure based on half-hourly data points? Are these really average or median
differences like in Fig 2?
It is the median difference between the methods, i.e. the differences to GPPNLR in Fig. 2

Fig 5 Do you mean cumulative daily fluxes when you write daily flux data points? You mention, 
that all medians have been calculated using the same number of data points. Were these also the 
same data points, or could there be a bias from different days?
This figure presents the differences in the daily median fluxes (not cumulative). Also here the daily 
medians have been calculated with only the same exact data points.

Fig 7 Why did you use 700 par as the threshold?
At PAR>700 µmol m-2 s-1 the GPP vs PAR curve starts to saturate so there is no more radiation 
dependence interfering with the intercorrelated temperature and VPD.

Fig B2 If measured means “chamber -measured” LRU please state so.
Yes, corrected as suggested.

Technical corrections:
91 “Consisted of a Gill HS”
Corrected as suggested.

112 I feel like some words are missing in this sentence. The second part about monthly averages 
feels disconnected. Are you trying to say, that the monthly averages were also only calculated from 
daily means, when 50% of the half-hourly data was available?
Yes, corrected in the revised MS as “Daily average GPP was only calculated if more than 50% of 
measured 30-min flux data was available for each day, and monthly averages were calculated from 
the daily means.”

218 To investigate further the causes for the …
Corrected as suggested.

253 remove brackets from (on average 25%)
Corrected as suggested.

332 Do you mean noisy (scattered)?
Corrected as suggested.

Reviewer #2
The study by Kohonen et al. compares gross primary productivity (GPP) estimates at a boreal forest
derived from two CO2 -based flux partitioning methods and two COS-based methods. One of the 
COS approaches to GPP, developed in previous studies, relies on an empirical light response of the 
COS vs CO2 leaf relative uptake (LRU) ratio. The other COS approach, developed in this study, 
considers stomatal optimization as represented by the CAP model (Dewar et al., 2018) in simulating



LRU responses to environmental conditions. The authors show that GPP estimates derived from the 
LRU CAP approach agree with those from the two CO2 -based approaches in terms of diurnal and 
seasonal cycles, cumulative GPP in the growing season, and environmental responses. By contrast, 
the COS approach based on the light dependence of LRU alone shows considerably higher GPP 
estimates than those from other methods, especially at high radiation. The authors conclude that
their new approach is an improvement over previous empirical LRU fits for obtaining accurate 
COS-based GPP estimates.

Overall, the study marks a valuable methodological advance in estimating GPP at the ecosystem 
scale and is worthy of publication. While the authors succeed in deriving COS-based GPP estimates
consistent with those from CO2 -based methods, they have not presented a strong case for the 
robustness and generalizability of the new method they developed. In other words, do we know that 
the LRU CAP approach produces the right results for the right reason, or is it so malleable that one 
can tune the parameters to get any desirable responses? To ensure the robustness of the method, the 
authors may need to clarify the physiological underpinnings of the method, the assumptions it 
makes, and its limitations. I have a few questions on this aspect.
We thank the reviewer for the insightful and helpful comments to improve the manuscript.
In the revised paper, and especially in the Appendix, we explain more clearly that LRUCAP is based 
on a generic physiological model of stomatal function whose robustness has been established 
previously (e.g. Lintunen et al. 2019; Salmon et al. 2020; Dewar et al. 2021, Gimeno et al., 2019). 
The model parameters are all physiologically meaningful, and can be measured independently or 
obtained from literature. No parameter tuning is required. This represents a clear advance on 
previous COS-based methods based on empirical fitting (LRUPAR). It is true that in our study, in 
order to gauge the sensitivity of LRU to the model parameters, we compared LRUCAP calculated 
from literature-based parameters to LRUCAP obtained by fitting the parameters X and Y, but this is 
not a necessary requirement for applying LRUCAP. This will be made more clear in the revised MS, 
both in the methods and Appendix sections. The Appendix will be revised thoroughly and a 
paragraph added to methods “LRUCAP is based on a generic physiological model of stomatal 
function whose predictions have been successfully tested previously (e.g. Lintunen et al. (2020); 
Salmon et al. (2020); Dewar et al. (2021); Gimeno et al. (2019)). The model parameters
are all physiologically meaningful, and can be measured independently or obtained from the 
literature. This formulation therefore represents a clear advance on previous COS-based methods 
based on empirical fitting (LRUPAR), because it provides a physiological explanation for variations 
in LRU that may be more robust when extrapolating to other sites.”

 There are many optimization-based stomatal models, and CAP is not the simplest one. What 
is the motivation for choosing this specific model over, say, the Medlyn model (Medlyn et 
al., 2011), which has only two parameters to fit?
As noted above, the advantage of using CAP is that, unlike the Medlyn et al model, it has no
undetermined parameters and therefore does not require parameter fitting. In addition, CAP 
takes into account soil-to-leaf hydraulics, which makes it theoretically more ambitious than 
most of the simpler models. The advantages of CAP will be clarified in the revised 
manuscript methods, as described above.

 The "carboxylation conductance", gc, seems to be a pure model construct to linearize the 
nonlinear response of the assimilation rate (A) to the chloroplast CO2 concentration (cc). 
The assumption that gc is constant is inconsistent with the Farquhar et al. (1980) model 
because the transition from Rubisco carboxylation limitation to electron transport limitation 
necessarily changes the slope of the A–cc curve. What is the rationale behind this treatment? 
What bias does it introduce?
This is not correct. The A-cc response underlying CAP is non-linear and is derived from a 
simplified representation of the light and dark reactions of photosynthesis (Thornley & 



Johnson 1990). Parameter gc is the initial slope of this non-linear response, and is equivalent
to the parameter combination Vcmax/km of the Farquhar model. The rationale for using the 
Thornley-Johnson photosynthesis model is that in the Farquhar model the abrupt switch 
from Rubisco- to electron transport limitation introduces artificial discontinuities in the 
solution for optimal stomatal conductance, whereas in the T-J model there is a smooth 
transition from CO2- to light limitation and no such discontinuities occur. No bias is 
introduced. The revised paper will make these points more clearly (especially the 
Appendix).

 Several parameters assumed constant in fitting the model may vary across the season, for 
example, CO2 compensation point and photosynthetic quantum yield. Where do those fixed 
values come from? Are they representative of the Scots pine species at the site?
These values are representative of Scots pine at the Hyytiälä site. This has been clarified in 
the revised MS as “While Γ* and α vary seasonally with temperature, we decided to use 
fixed values representing the growing season averages 50×10−6 mol mol−1 and 0.05 mol 
mol−1, respectively, for simplicity (Bernacchi et al., 2001; Leverenz and Öquist, 1987).”. 
Their influence on the resulting LRU is already revealed by our comparison of LRU 
obtained from the literature values of Γ* and α with LRU obtained from best-fit values of 
parameters X and Y (in which Y depends on the ratio Γ*/ α). Even though literature-based 
and fitted values of Y differ by a factor of three, the difference in LRU is relatively small 
(median difference of 4 %).  Although we explain this on L233-240, we will further clarify 
this point in the revised paper as “This mismatch suggests there may be scope for further 
model improvement, such as the inclusion of dark respiration and/or finite mesophyll 
conductance in the LRUCAP model. However, as the difference between fitted LRUCAP and 
LRUCAP with only literature values (statistical significance tested with Student’s t-test, 
p<0.01) was not large with a median difference of 4 %, and the applicability of the model 
without fitting is better, we decided to use the literature value-based LRUCAP in this study, 
without fitting to LRUch.”.

 The impact of mesophyll conductance (gm) on LRU is an intriguing but understated point. It
seems that infinite gm works best for explaining LRU variability at low light but 
overestimates LRU at high light. By contrast, a finite gm works well at high light but 
predicts too low LRU values at low light (Fig. B2). Is there a physiological explanation for 
this? A discussion on this point would be desirable.
The general expression for LRU given by Eqn (7), which is based on flux balance alone (i.e.
independent of assumptions about stomatal behaviour), shows that LRU is higher for infinite
gm than for finite gm. This is indeed the case for our predictions of LRUCAP with infinite vs.
finite gm (cf. Eqns A2 and A11 with cc < ci when gm is finite; this is also apparent from 
Fig. B2). In CAP, these two cases represent two contrasting hypotheses, in which non-
stomatal limitations (NSLs) act either entirely on photosynthetic capacity, or entirely on gm,
respectively. In reality, NSLs may act on both photosynthetic capacity and gm, with one or 
other effect being dominant depending on environmental conditions. The contrasting 
abilities of each hypothesis to explain chamber-measured LRU at low vs. high light, as 
noted by this reviewer, might be explained by a shift in the action of NSLs from 
photosynthetic capacity to gm as light increases. However, verifying this possibility lies 
beyond the scope of the present study. The revised paper will discuss these points: “We find 
a better agreement of LRUCAP with LRUch if gm is assumed infinite, but there is a mismatch at 
high PAR, supporting the possibility that gm might indeed be a limiting factor under high 
radiation. In CAP, infinite or finite gm represent two contrasting hypotheses, in which NSLs 
act either entirely on photosynthetic capacity, or entirely on gm, respectively. In reality, NSLs
may act on both photosynthetic capacity and gm, with one or other effect being dominant 
depending on environmental conditions. The contrasting abilities of each hypothesis to 



explain LRUch at low vs. high light, might be explained by a shift in the action of NSLs from 
photosynthetic capacity to gm as light increases. However, verifying this possibility lies 
beyond the scope of the present study.”

Specific comments
L21–22: "removes approximately 30% of the annual anthropogenic carbon dioxide (CO2) 
emissions from the atmosphere". This is a misinterpretation. Global GPP far outweighs the 
anthropogenic carbon emissions (~120 PgC vs ~10 PgC). The 30% fraction refers to net biome 
productivity, which is the net balance of GPP, ecosystem respiration, and emissions from land use 
changes and disturbances. See Chapin et al. (2006) for standard definitions of carbon flux terms.
We thank the reviewer for pointing this out. We will modify the sentence to “Photosynthetic carbon 
uptake (or gross primary production, GPP) is a key component of the global carbon cycle, with the 
terrestrial ecosystems removing approximately 30 % of annual anthropogenic carbon dioxide (CO2)
emissions from the atmosphere” to avoid misconceptions.

L25: It is the net balance not the ratio that dictates the magnitude and direction of the terrestrial 
carbon budget.
Changed the wording from “ratio” to “rate”.

L33: The origin of the partitioning method based on nighttime respiration predates Reichstein et al. 
(2005). The idea goes back at least as early as in Wofsy et al. (1993), though not in the exact form 
of relationship between Reco and temperature. It is likely that this method has an earlier origin in 
the eddy covariance community. Therefore, better change "a method introduced by Reichstein et al. 
(2005)" to "a method in Reichstein et al. (2005)".
Corrected as suggested.

L35: And storage change fluxes, if not constrained by concentration profile measurements, also 
introduce bias to nighttime fluxes.
As neglecting storage change adds bias to the whole daily cycle instead of nighttime only, we have 
not specified this in this sentence (that focuses on nighttime problems only), as it is not so relevant 
in the introduction given the scope of our manuscript.

L40: "These limitations lead to uncertainties in the derivation of mechanistically sound descriptions 
of respiration and its drivers, especially when contributions of different biomass compartments to 
total CO2 efflux vary across ecosystems and seasonally even within one ecosystem." The point of 
this sentence is unclear.
The sentence will be modified as: “These assumptions lead to uncertainties in partitioning because 
different biomass compartments (soil organic matter, roots, stems, branches, foliage) could have 
different drivers and respiration responses even within the same ecosystem”

L48–55: It would be helpful to add a sentence on how this neural network approach tackles the 
problem of the inhibition of daytime respiration.
NNC-part is a partitioning method based on machine learning, hence it is data-driven. However, the 
network structure emulates the light use efficiency concept and thus gross photosynthesis is 
partially constrained. Instead, the Kok effect is not explicitly accounted for and Tramontana et al., 
2020, reports: “…it is not possible to demonstrate that the NNC-part method, as implemented in this 
experiment, is able to reproduce the light inhibition of leaf respiration.”
In the revised version of the manuscript, the physiological value aspects of NNC-part will be clarified 
by adding the following sentence in L141. “NNC-part has a hybrid nature and gross photosynthesis is
partially constrained by emulating the LUE concept.”



L66: "recent studies have shown that LRU is a function of solar radiation because CO2 uptake is 
highly radiation dependent while COS uptake is not" - This notion that LRU depends on PAR goes 
back as early as Stimler et al. (2010).
Added reference to Stimler et al. (2010).

L123: Specify the value of T0.
T0=-2°C, specified in the revised manuscript.

Section 2.3.2: Did you create a hold-out data set for validation as in Tramontana et al. (2020), or 
perform cross-validation?
The artificial neural network processing scheme is the same as in Tramontana et al., 2020, except 
for some details that we have clarified in the method section of the current manuscript version 
(please see section 2.32, ln 146-140). These changes did not affect model validation.

L161: "atmospheric concentrations of CO2 and COS" - Specify at which height these 
concentrations were measured.
Specified in the revised MS as “at the EC measurement height”

L164: Kooijmans et al. (2019) presented data from two chambers. Was this relationship derived 
from measurements from both chambers?
Yes, we use the average of the two chambers, like in Kooijmans et al. (2019). Specified in the 
revised MS as “This LRU equation was based on field measurements of branch CO2 and COS fluxes
with two chambers in 2017 at the same site and were thus independent from the EC flux 
measurements (Kooijmans et al., 2019).”

L193–200: I share the other referee's concern that this paragraph is not helpful for readers to grasp 
the year-to-year variability of environmental conditions. Try to present the anomaly features in 
chronological order.
Text will be organized chronologically in the revised manuscript as suggested.

Table 1: List the source of each parameter value in a column instead of in the caption. Specify 
which values are from the literature and which are fitted to data presented in this study.
The sources of each parameter will be added in the table in the revised MS, as suggested.

L203–204: "... when comparing GPP ANN to standard FLUXNET partitioning during summer 
months for multiple sites." - What about the subset of evergreen needleleaf forest (ENF) sites?
In order to answer the reviewer’s question there are two plots below derived from data produced 
used in Tramontana et al., 2020 that show the mean diurnal cycle of GPP for a subset of Boreal ENF
(Latitude > 50°N) and for Hyytiälä site. The systematic differences among NNC-part and standard 
partitioning methods seem very consistent with the patterns reported in Tramontana et al., 2020; the 
dynamics calculated for Hyytiälä study site seem consistent with this general trend and with the 
findings of our manuscript. However, it is important to remember that there are few differences 
between data used in Tramontana et al., 2020 and the one used in this manuscript concerning both 
NEE flux processing and NLR relationships applied as partitioning methods. For this reason a direct
comparison between the two studies in not possible and lies beyond the scope of the submitted 
manuscript.



Figure 5: Differences of nighttime and daytime partitioning methods to NNC-part in the evergreen 
needleleaf forests (ENF, latitude > 50°N).  

Figure 6. Differences of nighttime and daytime partitioning methods to NNC-part in Hyytiälä forest.

L209–L210: "However, at 30 min time scale the GPP ANN was on average 15 % lower than
GPP NLR ." - Could you compare GPP ANN and GPP NLR at half-hourly timescales with negative
values filtered?
GPPNLR contains negative values due to measurement uncertainty in NEE measurements. These 
negative values often appear during nighttime or low-light periods. GPPANN is a “model” produced 
by machine learning and is not allowed to have negative values. Filtering out negative GPPNLR 
values would skew its distribution and we want to keep the results as independent as possible from 
any interference from the data user.



L211–L212: "while GPP NLR may have even negative values due to random noise in the NEE 
measurements." - GPP should not be negative. Even if we consider random noise, the uncertainty 
range of GPP estimates should not encompass negative values because this is physically impossible.
In your calculation of cumulative fluxes, the negative values may need to be capped at zero.
While it is true that by definition GPP should not be negative, the estimated process rate derived 
from flux measurements may have negative values due to measurement uncertainty and noise. 
However, on average the nighttime GPP is zero.
Forcing negative GPP to zero would skew its distribution at low light and bias the cumulative GPP.

L231: Given that GPP is higher at high radiation, shouldn't the parameter fitting prioritize reducing 
LRU bias at high radiation?
There were no parameters fit to the basic LRUCAP model (referring to line 231). However, we did 
try fitting parameters X = |ψc| / 1.6gc and Y = 2Γ*gc / α  to LRUCAP instead of using literature values.
This fitting was done against the measured LRU, not GPP. LRU values are low under high radiation
and high under low radiation. Due to the logarithmic nature of LRU, the fitting was done to 
log(LRU), as explained in the appendix, Sect. A1.

L242: "The agreement of this method was better than assuming infinite mesophyll conductance at 
high PAR, but worse at low PAR" - Could you elaborate on why this is the case? Have you tried 
temperature-dependent gm as in Wehr et al. (2017)?
See response to general comment on this point above. The T-dependence of gm lies outside the 
scope of this study.

L245–246: "We thus concluded that the assumption of infinite gm is more valid." - It would be 
more appropriate to say that given the uncertainty in LRU, minimizing LRU errors by itself does 
not offer a robust constraint on gm . This fact does not necessarily mean that an infinite gm is valid 
in the real world.
This was badly phrased. In the revised paper we will rephrase this as “… the assumption of infinite 
gm gives an estimate closest to the LRU derived from chamber measurements, although the 
assumption in itself is  physiologically unrealistic.”  

L249: It is worth noting that gm becomes more limiting relative to gs. We do not know how gm 
varies during the day. It could be that gs increases to a point such that gm becomes more limiting.
As we already stated above, our results are consistent with the action of NSLs changing from 
photosynthetic capacity to gm, but further analysis of this possibility lies beyond the scope of this 
study.  

L267–L269: If the fraction of leaf respiration in total ecosystem respiration is small, I would not 
expect a clear break point to be found in the light response of NEE. Do you see any evidence for the
Kok effect in leaf chamber measurements?
Studying the Kok-effect requires separation of photosynthesis and respiration at the leaf scale, 
which may require additional measurements other than CO2, e.g. 13C and 18O in CO2, and cannot be 
independently derived for the hourly measurements.  Daytime foliage respiration upscaled from 
chambers is typically 2-3 µmol m-2 s-1 in the growing season. So the magnitude of Kok effect would 
be just tenths of µmol, not very much compared to the uncertainties of (nighttime) eddy fluxes and 
extrapolating T response to daytime.  Therefore, we do not further discuss the Kok-effect in the 
manuscript. 

L274: "in summer a saturation point was found at PAR>500" - This apparent saturation point could 
be partly caused by VPD limitation on stomatal conductance around midday.
True, we will add this note in the revised manuscript as “..., that could be linked to VPD limitation 
on stomatal conductance in the afternoon (Kooijmans et al., 2019).”.



L359: What purpose does rewriting the equation in terms of c a – Γ * serve? In the Farquhar et al. 
(1980) model, Γ * appears in cc – Γ * , because it is used to represent the difference between 
carboxylation and oxygenation. But ca – Γ * does not seem to carry a physiological meaning.
The reason for rewriting LRU in terms of ca - Γ * is that CAP predicts a simple expression for the 
ratio (ci -Γ *)/(ca -  Γ *)  whereas LRU is related more directly to ci/ca . In the original ms, this 
reason is not apparent at first, because of the order in which the equations are presented. In the 
revised paper we will rewrite the equation for LRU in terms of (ci -  Γ *)/(ca -  Γ *) only after we 
have presented the CAP prediction for (ci -  Γ *)/(ca -  Γ *), so that the rationale for doing so is 
clearer. The reason (ci -  Γ *)/(ca -  Γ *) emerges from CAP, rather than ci/ca, is precisely the one the 
reviewer refers to: in the underlying photosynthesis model (with infinite gm) the CO2 dependence 
occurs through ci -  Γ * (reflecting carboxylation minus oxygenation).

Technical comments
L24: "increased" -> "increasing"
Corrected as suggested.

L30: "widely" and "globally", superfluous
Removed “globally”.

L61: "triggered" -> "catalyzed"
Corrected as suggested.

L69: "ecosystem scale" -> "ecosystem-scale"
Corrected as suggested.

L71–72: This sentence seems to be the topic sentence of the paragraph.
The sentence was moved to the beginning of the paragraph in the revised manuscript.

L84: "where first flux measurements started in 1996 ..." - This information does not seem relevant 
since only the flux measurements between 2013 and 2017 are presented.
Removed as suggested.

L86: "50 ha" - Better use SI units, for example, 0.5 km 2 .
Hectare is also an SI unit and most commonly used to describe forest area. We decided to leave as it
was.

L139: "ecosystem level" -> "ecosystem-level"
Corrected as suggested.

L146: "assure" -> "ensure"
Corrected as suggested.

L193: "higher average" -> "higher than average"
Corrected as suggested.

L195: The units of PAR are incorrect in this line.
We thank the reviewer for noticing this! Corrected to µmol m-2 s-1.

L214: "Fig. 2,3" -> "Figs. 2 and 3"
Corrected as suggested.
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