
REFEREE #1
We sincerely thank the reviewer for the detailed, precise, and pertnent revision of the manuscript, which
allowed us to identfy limitatons in the original paper, correct reportng errors, and improve the clarity,
relevance, and robustness of the message conveyed by this study.

MAJOR COMMENTS 
MAJOR COMMENT #1 -----------------------------------------------------------------------------------------------------------------------

The evaluaton in Tables 4 and 5 uses all available data, including data the model was calibrated on. The 100-
iteraton resampling with 70% subsets reduces but does not solve this problem. There is no truly held-out test
set anywhere in the study. For simpler formulatons this is less of a concern, but GPP5 has 9 free parameters and
ER4 has 6, both substantally more than their baselines, and the reported performance improvements for these
models cannot be clearly atributed to beter generalizaton rather than beter calibraton ft. The authors should
either implement a proper train/test split, for example by withholding complete site-years per ecosystem type
or provide a much more explicit and quantfed discussion of overftng risk for the higher-complexity
formulatons.

Answer:  

Tables 4 and 5 have been revised to report median values of the performance metrics separately for the training
and testng splits (see Tables below).  A standard random 70%–30% split of data points was retained, rather than
withholding complete site-years, to ensure that each of the 100 optmizaton runs uses the same number of data
points in the training and testng subsets. Because data availability varies both between years within the same
site and across sites, withholding entre site-years would introduce uncontrolled diferences in sample sizes
across runs. Maintaining a fxed number of data points makes sure that performance variability is not driven by
sample size variaton or inconsistencies in data availability. This stll allows the training and testng splits to
provide a valuable assessment of model calibraton and generalizaton, respectvely.

Nevertheless, the approach mentoned based on withholding complete site-years was also tested and the results
are shown in Tables C3 and D7 (see Tables below). In this case, Instead of using 70–30% random splits, the data
were divided into 6-year training and 2-year testng periods. The full period of study spans a total of 8 years,
yielding 28 possible runs instead of 100.

Overall, the two approaches produce comparable results for both GPP and ER. We therefore retained the
standard random 70%–30% splits in the revised manuscript and replaced the original Tables 4 and 5 with those
presented here. Secton 4.4 (Method) has be updated accordingly and Secton 5 (Results) now compares median
metrics of the testng splits across model formulatons. Nevertheless, Secton 6.6 has been added to the revised
manuscript to explicitly highlight that the infuence of temporal autocorrelaton on model performance was
evaluated and Tables C3 and D7 are presented in the Appendix.

Please note that Tables 4, 5, C3 and D7 also report metrics for the site-level (temporal-only) evaluaton. For
Tables 4 and 5, these values correspond to those shown in the original manuscript in  Figure 8. 

In additon, results for all 25 possible ER formulatons (fve GPP formulatons combined with fve ER formulatons
using the standard random 70%–30% splits) have been included in Appendix.



GROSS PRIMARY PRODUCTION TABLES (TABLE 4 vs. TABLE C3)



ECOSYSTEM  RESPIRATION TABLES (TABLE 5 vs. TABLE D7)



MAJOR COMMENT #2 -----------------------------------------------------------------------------------------------------------------------

There is a deeper conceptual issue worth fagging. The entre calibraton and evaluaton framework assumes that
GPPEC and EREC from fux parttoning are reliable targets. But these quanttes are not measured; they are
modeled from NEE using methods that themselves rely on temperature and light as primary drivers. This means
the AS-adapted formulatons are being trained to reproduce outputs of algorithms that share some of the same
structural assumptons as the L4C model itself. The strong performance of APAR and GDD adjustments may
partly refect this shared structure rather than genuine independent improvement. The authors touch on this in
secton 6.5, but do not go far enough. It is worth asking openly whether the model is getng beter at capturing
carbon dynamics or simply getng beter at agreeing with a parttoning algorithm it already resembles.

Answer: 

Parttoned GPP
EC

 and ER
EC

 were selected as reference in this work because they currently consttute the most

widely used reference datasets for model calibraton. Most modeling products have been developed and
evaluated using these references (e.g., SMAP L4C, FLUXCOM-X  htps://doi.org/10.5194/bg-21-5079-2024). 

Nevertheless, we agree with the reviewer that the issue raised was not enough discussed in the original
manuscript. The consistency between fux-parttoning algorithms and modeling frameworks is an essental topic
that we intend to address specifcally in the coming year. 

Secton 6.5 has been revised to explicitly acknowledge that 

(1) GPP
EC

 and ER
EC

 are not direct measurements but modeled outputs;

(2) there is potental circularity in model evaluaton as the AS-adapted formulatons may share similar
structural assumptons with the fux-parttoning algorithms; 

(3) model improvement may refect beter reproducton of fux-parttoning algorithms rather than beter
representaton of carbon dynamics; 

(4) there are substantal conceptual diferences between fux-parttoning and mechanistc modeling
frameworks (such as the L4C model).

The revised text is provided below:

https://doi.org/10.5194/bg-21-5079-2024


MAJOR COMMENT #3 -----------------------------------------------------------------------------------------------------------------------

Equaton 9c appears to contain a typographical error. The denominator of the SRZSM logistc ramp reads
g(MNTmin), which looks like a copy-paste error from the SMNT equaton directly above it. It should presumably
read g(RZSMmin). This needs to be verifed and corrected, since it directly afects reproducibility of the RZSM
formulaton in GPP3.

Answer: 

We thank the reviewer for identfying this issue. This was a copy-paste error; g(MNT
min

) has been replaced by

g(RZSM
min

) in Equaton 9c.

MAJOR COMMENT #4 -----------------------------------------------------------------------------------------------------------------------

The scoring system in Equaton 14 is difcult to defend as currently described. Ranks are used instead of raw
metric values, which throws away informaton about how much beter one formulaton is relatve to another. A
formulaton that narrowly beats another gets the same rank beneft as one that beats it by a wide margin. The
penalty factor is a simple linear rato of parameter counts applied as a multplier on the average rank, with no
comparison to established model selecton criteria such as AIC or BIC. The authors should either justfy this
design explicitly or test whether the fnal formulaton selecton changes under alternatve scoring approaches.



Answer:

Originally, we were uncertain whether the scoring procedure described in Equaton 14 was appropriate for
model selecton. We therefore compared the resultng rankings with those obtained using alternatve criteria
based on AIC and BIC as recommended:

Rankings for GPP:

(1) Upland tundra

– Equaton 14: GPP
5
, GPP

4
, GPP3, GPP2, GPP1 `

– AIC/BIC: GPP5, GPP4, GPP3, GPP2, GPP1

(2) Taiga forests 

– Equaton 14: GPP5, GPP4, GPP3, GPP2, GPP1

– AIC/BIC: GPP5, GPP4, GPP3, GPP2, GPP1

(3) Wetlands 

– Equaton 14: GPP4, GPP3, GPP5, GPP2, GPP1

– AIC/BIC: GPP4, GPP5, GPP3, GPP2, GPP1

Rankings for ER:

(1) Upland tundra

– Equaton 14: ER4, ER3, ER5, ER2, ER1 `

– AIC/BIC: ER4, ER5, ER3, ER2, ER1

(2) Taiga forests 

– Equaton 14: ER4, ER5, ER3, ER2, ER1

– AIC/BIC: ER5, ER4, ER3, ER2, ER1

(3) Wetlands 

– Equaton 14: ER3, ER2, ER4, ER5, ER1

– AIC/BIC:  ER2, ER3, ER4, ER5, ER1

For GPP, the best-performing formulatons were consistent across the two approaches: GPP
5
 ranked frst for

upland tundra and taiga forests, while GPP4 ranked frst for wetlands. The only diference was observed for
wetlands, where GPP3 and GPP5 ranked second and third using Equaton 14, but third and second based on
AIC/BIC.

For ER, more diferences were observed. However, overall, ER4 or ER5 ranked frst and second for upland tundra,
and taiga forest, whereas ER2 and ER3 performed best for wetlands.

The comparison of the scoring approaches revealed that AIC/BIC provide a more contnuous assessment of
model performance than Equaton 14, allowing a clearer evaluaton of how close competng formulatons are.
This is partcularly evident for wetlands, where all ER formulatons have similar AIC/BIC values. As the reviewer
noted, such a result could not be clearly identfed using Equaton 14.

As a consequence, the original scoring procedure has been removed and replaced with AIC and BIC in the revised
manuscript. Sectons 4.4 and 5 have been updated accordingly. In additon, ranks have been reported in
Appendix (see Tables C1 and D6 below), instead of being omited (as it was done in the original manuscript).





MAJOR COMMENT #5 -----------------------------------------------------------------------------------------------------------------------

For wetlands, the temporal correlaton of NEE drops from 0.50 in the original L4C model to 0.33 in the AS-
adapted formulaton. This is not a small degradaton. It means the adapted model tracks wetland carbon
exchange less accurately in tme than the model it is supposed to improve. The authors menton error
compensaton in secton 6.5 but do not examine which sites or years drive this result, or whether the scoring-
based selecton of GPP4 and ER3 for wetlands is itself contributng to the problem. This fnding needs a
dedicated discussion, not a brief menton.

Answer:

We sincerely thank the reviewer for pointng out this drop in correlaton. While investgatng the cause of this
discrepancy, we identfed an error in the code used to compute the NEE confguratons. This issue did not afect
only the correlaton of NEE

AS
 for wetlands, but the entre row in Table 6 (of the original manuscript) reportng

NEE
AS

 performance was incorrect (r, ubRMSE, and B for all three ecosystems). Specifcally, we had incorrectly

paired the GPP and ER components, using: 

NEEi,j = ERᵢ(GPPj) − GPPᵢ  

instead of 

NEEi,j = ERᵢ(GPPj) − GPPj   

where ERᵢ(GPPj) denotes the ith ER formulaton using the jth GPP formulaton as input. 

As a result, NEEAS was computed as ER4(GPP5) − GPP4 for upland tundra and taiga forests, and as ER3(GPP4) − GPP3

for wetlands. This inconsistency was not apparent for upland tundra and taiga forests, as GPP5 and GPP4 are
broadly similar. However, there is a clear diference in performance between GPP3 and GPP4 due to the inclusion
of GDD, which primarily afects correlaton. Consequently, GPP3 was not in phase with ER3(GPP4), leading to an
inconsistent confguraton that is not physically meaningful. The reported values should have been as follows:

Performance for upland tundra and taiga forests does not change much and the correlaton is no longer
degraded for wetlands. Please refer to Major Comment #8 for additonal details on the performance of the NEE
confguratons.



MAJOR COMMENT #6 -----------------------------------------------------------------------------------------------------------------------

ER1 and ER2 use a single SOC pool rather than the original three, because reference SOC data were not available
for recalibraton. This is a reasonable practcal decision but it means the comparison between ER1/ER2 and
ERL4C is not a clean test of the Lfall allocaton scheme. It simultaneously tests a diferent pool structure. The
authors should acknowledge this confounding more clearly in the methods and in the discussion of secton 6.2.

Answer: 

Secton 4.3 has been modifed to highlight the reducton of SOC pools as an additonal adjustment:

Secton 6.2 has also been modifed to underline the confounding efects of the SOC pool reducton, literfall
scheme, and GPP input:



MAJOR COMMENT #7 -----------------------------------------------------------------------------------------------------------------------

GDD is normalized annually per site using each year's own minimum and maximum values. For data points early
in the growing season, this normalizaton requires informaton from later in the same year. The model's seasonal
shape scalar for April implicitly uses what happened in August. The authors should clarify whether this creates
an informaton leakage issue in the evaluaton and whether a climatological or cross-year normalizaton was
considered.

Answer:

We acknowledge that this use of GDD requires the full annual air temperature cycle to be known, introducing
potental informaton leakage and a one-year lag in the computaton of model outputs, which makes it
unsuitable for real-tme forecastng. However, the primary objectve of this study is not predicton in an
operatonal setng, but rather the retrospectve reconstructon of CO

2
 fuxes and the estmaton of CO

2
 budgets.

In this context, we consider the use of full-year informaton to be appropriate.

Nevertheless, we tested an alternatve normalizaton where GDD is normalized using long-term minimum and
maximum values, which avoids within-year informaton leakage. We found that model performance was
comparable, or only slightly lower, under this approach. These results suggest that the choice of GDD
normalizaton has a limited infuence on the performance improvements associated with adding GDD as an input
into GPP modeling.

This test has been incorporated in the revised manuscript in Appendix (see Table C2 below), and Secton 6.1 has
been updated to explicitly discuss this point:



MAJOR COMMENT #8 -----------------------------------------------------------------------------------------------------------------------

GPP and ER formulatons are selected independently based on their individual performance scores and then
combined to produce NEE. But minimizing GPP error and minimizing ER error separately does not guarantee
minimizing NEE error, since the two error terms can be correlated or ofsetng. The authors acknowledge this
briefy in secton 6.5 but do not test whether selectng formulatons based directly on NEE performance would
produce diferent combinatons or beter results, partcularly for wetlands where the current approach visibly
underperforms.

Answer:

As recommended by the reviewer, we evaluated all 25 possible confguratons for NEE. Overall, we found  that
the best-performing GPP and ER formulatons, once combined, give the best, or among the best, NEE
confguratons. NEE performance is more driven by the GPP formulaton than the ER formulaton with GPP

4
 and

GPP
5
 leading to higher r and lower ubRMSE. In contrast no clear and consistent patern emerges regarding the

impact of ER formulatons on NEE performance, with the excepton of ER
1
, that lead to increased B and ubRMSE.

In the revised manuscript, Secton 4.4 has been updated to explicitly indicate that the 25 ER and NEE
confguratons were tested and the corresponding results have been added in Appendix. Results in Secton 5.3
has also been updated. Table 6 has been removed and replaced by Figure 8 (see below), that displays
summarized performance for all NEE confguratons (instead of just one initally in Table 6 of the original
manuscript). Finally, the discussion regarding NEE has  been updated in Secton 6.5.



MINOR COMMENTS
MINOR COMMENT #1 -----------------------------------------------------------------------------------------------------------------------

Comment: The term "AT" appears in secton 6.4 referring to air temperature but is not defned in the
abbreviaton table and does not appear anywhere else in the paper. The manuscript consistently uses MNT for
minimum air temperature throughout. This should be made consistent.

Answer:  In the revised manuscript, the acronym “AT” has been introduced in Secton 4.1  when presentng the
GPP

4
 formulaton. AT corresponds to the daily mean air temperature used to calculate growing degree days

(GDD), in contrast to MNT, which represents the minimum daily air temperature used in the GPP instantaneous
temperature response (S

MNT
). The defniton of “AT” has been added to Table 2.

MINOR COMMENT #2 -----------------------------------------------------------------------------------------------------------------------

Comment: Figure 8 is cited repeatedly in sectons 5.1 and 5.2 without specifying which panel is being referred to.
With six subpanels across three ecosystem types, the reader is lef guessing. Panel-level citatons, for example
Figure 8A1 or Figure 8B2, would help signifcantly.

Answer: 

Results initally presented in Figure 8 have been moved to Tables 4 and 5 (see Major Comment #1). Figure 8 stll
exists but is now used for another purpose (NEE performance; see Major Comment #8).

MINOR COMMENT #3 -----------------------------------------------------------------------------------------------------------------------

Comment: line 452. "does not provides any benefts neither" should read "does not provide any benefts either."

Answer: 

This error has been corrected in the revised manuscript.

MINOR COMMENT #4 -----------------------------------------------------------------------------------------------------------------------

Comment: the 10th percentle threshold used to exclude shoulder-season data in secton 4.2 is described by the
authors themselves as arbitrary. A brief note on sensitvity to this threshold, or at least a reference to
comparable choices in prior work, would add confdence.

Answer: 

The growing season is more commonly defned using fxed fractons of annual maximum GPP rather than
percentle-based thresholds. However, a previous study has shown that the growing season identfcaton is
sensitve to the chosen fracton of annual maximum GPP (Panwar 2023). Therefore we chose to use a
distributon-based threshold as this is less sensitve to extreme values and inter-annual variability. For instance,
two years with the same growing season tming (i.e., identcal start and end dates) but diferent photosynthetc
peaks are treated identcally, which would not be the case when using the annual maximum GPP. Although the

10th percentle threshold may not be optmal for each tme series, it is consistent with the structure of the mean
seasonal cycle of GPP, where it broadly separates winter and shoulder seasons from the growing season  (see
Figure B2 below). Similar separatons are obtained when using thresholds within the 5th–15th percentle range,
indicatng low sensitvity to the chosen percentle.  We therefore opted for a common threshold for the three
ecosystem types.

As noted, the 10th percentle threshold was described as arbitrary in the original manuscript because diferent
percentles could have been selected with litle infuence on the resultng fltering.  

Secton 4.2 has been updated in the revised manuscript to clarify the choice of the threshold (see below) and
Figure B2 has been added in Appendix for transparency.



MINOR COMMENT #5 -----------------------------------------------------------------------------------------------------------------------

Comment: The descripton of EC fux-parttoning methods across lines 97 to 111 runs quite long for a modeling
paper. Most of this is standard material. Trimming it or moving essental detail to supplementary informaton
would improve the fow of the introducton.

Answer: 

Some of the informaton on the EC measurements and fux-parttoning methods described in Secton 2 has been
moved in Appendix. Consequently, Secton 2 is shorter in the revised manuscript. 



MINOR COMMENT #6 -----------------------------------------------------------------------------------------------------------------------

Comment: the justfcaton for using MERRA-2 instead of GEOS-5 FP for VPD and MNT is reasonable, but a brief
confrmaton that the two products agree closely at the study sites would close a potental concern about
whether this substtuton introduces systematc diferences between the AS-adapted models and the operatonal
L4C confguraton.

Answer:

The GEOS-5 FP product was downloaded, and minimum air temperature (MNT) and vapor pressure defcit (VPD)
were compared against MERRA-2 at the study sites (see screenshot below, where all sites were pooled). The two
products show good overall agreement for MNT but larger diferences are observed for VPD (see fgure below).
However, this is of limited concern because, in the tested model formulatons for upland tundra and wetlands,
VPD does not constrain GPP estmates. In contrast, VPD has a stronger infuence in taiga forests, but most data
points fall within the 0–0.5 kPa range, where the corresponding stress scalar (S

VPD
) roughly ranges from 1 to 0.75,

indicatng lower  constraint (see panels B3–F3 in Figures 2–4 of the original manuscript). 

Although the use of the GEOS-5 FP product would have ensured closer consistency for comparison purposes,
MERRA-2 was selected because it is beter constrained by observatons, aligning more with the broader
objectve of the project to provide more representatve estmates of C0

2
 fuxes in Arctc and Subarctc regions.

Capton: Comparison of minimum air temperature (MNT) and vapor pressure defcit (VPD) between GEOS-5 and MERRA-2 at the study sites,
shown as scater plots and histograms. Sites from the three ecosystems were pooled together.



MINOR COMMENT #7 -----------------------------------------------------------------------------------------------------------------------

Comment: The abbreviaton table is a helpful additon given the notaton density of the paper, but "AT" and
"SOC pool" structure (labile, structural, recalcitrant) are referred to in the text without full entries in the table. A
quick check for completeness would be worthwhile.

Answer: 

The abbreviated terms for the the three SOC pools (labile, structural, recalcitrant) along with the “AT” term have
been  added to Table 2 in the revised manuscript.



REFEREE #2
We thank the reviewer for the comments, which have helped us improve the clarity of the manuscript and
make it more accessible to a broader audience, including readers who are not familiar with the topic or the
modeling framework.

MAJOR COMMENTS
MAJOR COMMENT #1 -----------------------------------------------------------------------------------------------------------------------

[...] a major concern I have, which is not addressed or mentoned at all, is the spatal-temporal auto-correlaton.
The work is based on the assumpton that one or multple proposed model formulatons showed improved
accuracy compared to SMAP L4C product. The evaluaton results indeed support this assumpton. However,  it
seems the training and evaluaton data were randomly spited as 70%:30% for training:testng. Given that the
authors take each unique combinaton of EC measurement and day as a data point (Lines 110-111), there is high
spatal and temporal auto-correlaton between the training and evaluaton dataset. Because of this, the output
accuracy metrics are impacted by this auto-correlaton, suggestng the accuracy we are seeing is more like
training accuracy rather than testng accuracy.   For our own work, I ever saw testng accuracy dropped from R2 =
0.72 to R2= 0.15 afer removing the impact of auto-correlaton.  This suggests the improved accuracy metrics
from the proposed model formulatons might be a result of this auto-correlaton rather than real model
improvement compared to the SMAP L4C baseline.  The authors need to clarify this.

Answer:

Tables 4 and 5 have been revised to report median values of the performance metrics separately for the training
and testng splits (see Tables below). Standard random 70%–30% splits were used to ensure that each of the 100
optmizaton runs uses the same number of data points in the training and testng subsets. Because data
availability varies both between years within the same site and across sites, maintaining a fxed number of data
points makes sure that performance variability is not driven by sample size variaton or inconsistencies in data
availability.

Another approach, more robust to autocorrelaton, was tested by withholding complete site-years during
calibraton (see Referee #1 Major Comment #1). The results are shown in Tables C3 and D7 (see Tables below).
Instead of using 70–30% training–testng splits, the data were divided into 6-year training and 2-year testng
periods. The full period of study spans a total of 8 years, yielding 28 possible runs instead of 100. With this
approach,  the training and testng subsets vary in size across runs, meaning that performance variability may be
infuenced by diferences in sample size or inconsistencies in data availability. 

Overall, the two approaches produce comparable results for both GPP and ER. We therefore retained the
standard random 70%–30% splits in the main text of the revised manuscript and replaced the original Tables 4
and 5 with those presented here. Secton 4.4 (Method) has been updated accordingly and Secton 5 (Results)
now compares median metrics of the testng splits across model formulatons. Nevertheless, Secton 6.6 has
been added to the revised manuscript to explicitly highlight that the infuence of temporal autocorrelaton on
model performance was evaluated and Tables C3 and D7 have been included in Appendix.

Please note that Tables 4, 5, C3 and D7 also report metrics for the site-level (temporal-only) evaluaton. For
Tables 4 and 5, these  values correspond to those shown in the original manuscript in  Figure 8. 

In additon, results for all 25 possible ER formulatons (fve GPP formulatons combined with fve ER formulatons
using the standard random 70%–30% splits) have been included in Appendix.



GROSS PRIMARY PRODUCTION TABLES (TABLE 4 vs. TABLE C3)



ECOSYSTEM  RESPIRATION TABLES (TABLE 5 vs. TABLE D7)



MAJOR COMMENT #2 -----------------------------------------------------------------------------------------------------------------------

[...] It is also unclear what data were used to evaluate and compare the NEE estmaton between NEEL4C and
NEEAS  (Table 6). The author mentoned in Lines 350-351 without specifying what data was used. The 70%:30%
split approach was used to optmize model parameters of the proposed formulatons, afer which there seems
no independent data lef to evaluate NEE with optmized GPP and ER formulatons.

Answer:

To clarify the overall framework, three interdependent reference datasets were used in this study: GPP
EC

 , ER
EC

 ,

and NEE
EC

, with NEE
EC

 = ER
EC

− GPP
EC

.

For model development, a 70%–30% split was applied to GPP
EC

and ER
EC

: 70% of the data were used to calibrate

the AS-adapted GPP and ER formulatons; the remaining 30% were used for evaluaton.

NEE
AS

 is then computed as the diference between the calibrated AS-adapted ER and GPP  and evaluated against

NEE
EC

. Therefore, the NEE
AS

 evaluaton was conducted on data that were not used during the calibraton of the

GPP and ER formulatons.

We retained the same 70%–30% training-testng split for consistency across GPP, ER, and NEE evaluatons,
ensuring that NEE

EC
 values in each subset are properly paired with their corresponding GPP

EC
 and ER

EC
.

We have revised the manuscript to make this workfow clearer.





MINOR COMMENTS
MINOR COMMENT #1 -----------------------------------------------------------------------------------------------------------------------

I encourage the authors to provide line number for each line. Also there are too many abbreviatons making the
paper difcult to follow. Are abbreviatons like B for bias and Lfall for Literfall  necessary?

Answer:

Line numbers have been added throughout the revised manuscript.

We agree that the number of abbreviatons may hinder clarity. To address this, Table 2 was specifcally included
to summarize all abbreviatons used in the manuscript. We have also revisited the text in the revised manuscript
to reduce unnecessary abbreviatons where possible. However, we have retained certain standard abbreviatons
such as B (bias) for consistency with commonly used metrics (e.g., r for correlaton and ubRMSE for unbiased
root mean square error) and to maintain readability in fgures and tables where space is limited. We hope these
revisions improve the clarity of the manuscript.

MINOR COMMENT #2 -----------------------------------------------------------------------------------------------------------------------

Lines 348-350 ft beter for Secton 4.3 Model formulaton calibraton. I was wondering how NEE was calculated
when reading 4.3

Answer: 

The content  included in lines 348–350 has been revised. Overall, Sectons 4.3 and 4.4 have also been revised to
improve clarity.  

While Equaton 1 in Secton 1 defnes NEE as the diference between ER and GPP, we agree that this relatonship
was not sufciently reiterated later in the manuscript, which may have caused confusion when reading Secton
4.3. We also recognize that it was not clearly stated that both the L4C model and the tested formulatons rely on
this defniton to compute NEE. To improve clarity, we have updated Equaton 3 in the revised manuscript to
explicitly state: NEE=ER−GPP.

MINOR COMMENT #3 -----------------------------------------------------------------------------------------------------------------------

Lines 341 equaton 14, the nmin  should be a fxed number based on the descripton, please specify the number.

Answer:

In the original manuscript, n
min

 was set to 6 for both GPP and ER formulatons (see Table 3). However, in the

revised manuscript, the scoring system has been changed and is now based on the Akaike Informaton Criteria
(AIC) and Bayesian Informaton Criteria (BIC), which are more widely established model selecton criteria. As a
result, Equaton 14 has been removed. This change is motvated by Referee #1 (Major Comment #4), who noted
that Equaton 14 relies on metric ranks rather than raw metric values, thereby discarding informaton about how
much beter one formulaton is relatve to another. For example, a formulaton that narrowly outperforms
another gets the same rank as one that beats it with a much larger improvement. By adoptng AIC and BIC, the
revised approach now provides a more informatve and quanttatve assessment of the relatve performance of
competng formulatons.



MINOR COMMENT #4 -----------------------------------------------------------------------------------------------------------------------

Lines 345-346, the authors quickly mentoned the evaluaton on temporal performance without enough details,
is the median across EC tower were used for Figure 8?  Also the authors were mentoning spato-temporal
performance all the tme and the temporal performance several tmes in results and discussions, but the whole
manuscript did provide any temporal dynamics of the GPP/ER/NEE predictons? This type of fgure would greatly
help readers to understand the research.

Answer:

Site-level (temporal-only) performance was evaluated for each EC tower by computng metrics using model
outputs obtained with the median parameter values across the 100 splits. In this analysis, training and testng
data were pooled, and median metrics across EC towers were reported in Figure 8. In the revised manuscript,
median metrics from Figure 8 have been moved to Tables 4 and 5 to provide all performance metrics in a single
place. The evaluaton workfow described in Secton 4.4 has been updated and clarifed accordingly in the
revised manuscript (see Major Comment #2). 

We recognize that including tme-series fgures could help readers beter understand the study; however, we
chose not to include them for several reasons. First, space constraints are a concern, as the manuscript is already
quite long. In the original version, we aimed to remain as concise as possible by limitng the number and size of
tables and fgures while stll providing a comprehensive overview of the study. Second, the objectve of the
paper is not to overly emphasize promotng a model formulaton as superior to the original SMAP L4C model,
which could be unintentonally reinforced by including tme-series comparisons. Rather, our goal is to provide
suggestons for the modeling community to explore and test. Finally, given the large number of formulatons
evaluated, selectng which tme series to present would be somewhat arbitrary. As noted in your Comment #9
(as well as Referee #1 Major Comments #4 and #8), arbitrariness in model selecton may be a concern. To
address this, we have included additonal performance results in Appendix in the revised manuscript and
therefore propose not to add tme-series fgures.

MINOR COMMENT #5 -----------------------------------------------------------------------------------------------------------------------

Lines 354 – 355: are these two lines necessary given the secton ttles like 5.1, and 5.1.1-5.1.3 are making the
content prety clear already.

Answer:

These lines have been removed in the revised manuscript, as the secton ttles (e.g., 5.1 and 5.1.1–5.1.3) already
provide sufcient structure and clarity. While some co-authors initally preferred to briefy restate the content,
we agree that this was redundant.

MINOR COMMENT #6 -----------------------------------------------------------------------------------------------------------------------

Discussions 

Lines 509-512: I believe you need to add references there to support your discussion and the following
recommendaton.

Answer:

Elmendorf (2023), Limits on phenological response to high temperature in the Arctc, has been added as a
reference in additon to Fu et al. (2014).

MINOR COMMENT #7 -----------------------------------------------------------------------------------------------------------------------

Lines 523-525:  you need to add references as the comparison between V8 and V7 is apparently not from this
work

Answer:



The diferences in literfall scheme between V7 and V8 are described in lines 170–180 and detailed in Equatons
5 and 6. The comparison between these two approaches is conducted within this study: the ER

1
 formulaton

implements the V7 scheme, while the ER
2

formulaton follows the V8 approach. We have clarifed in the revised

manuscript Secton 4.1 that ER
1
 and ER

2
 difer only in their literfall scheme.

MINOR COMMENT #8 -----------------------------------------------------------------------------------------------------------------------

Lines 527-529: not sure why aboveground biomass (AGB) is mentoned here, as the whole paper didn’t give any
context to discuss about AGB.

Answer:

This sentence has been revised in the updated manuscript, and the reference to aboveground biomass (AGB) has
been removed to maintain a clear causal chain in the model descripton: GPP → NPP → Lfall → SOC → ER.



MINOR COMMENT #9 -----------------------------------------------------------------------------------------------------------------------

Lines 534-535: the writng is confusing and contradicts the Table 4, as Table 4 clearly suggests GPP3 is beter
than GPP2. I understand the diference of metrics are not that big, but the authors kind of rely on those small
diferences to pick up the beter formulaton between GPP4 and GPP5.

Answer:

In the original manuscript, Table 4 does not clearly indicate that GPP
3
 performs beter than GPP

2
; this may result

from a misinterpretaton between diferent pairwise comparisons (e.g., GPP
2
 vs. GPP

1
, or GPP

4
 vs. GPP

3
).

However, we acknowledge that the diferences between GPP
4
 and GPP

5
 are indeed small, and that GPP

5
 is not

clearly superior to GPP
4
. In the revised manuscript, the scoring system has been updated (see Referee #1 Major

Comment #4). Although GPP
5
 is  stll selected for upland tundra and taiga forests, we now include results for all

25 possible ER formulatons (fve GPP formulatons combined with fve ER formulatons) in Appendix. This
additon improves transparency and highlights that several formulatons perform very similarly.

In additon, the same approach has been applied to NEE, where all 25 possible formulatons have been
evaluated. These results have been provided in Appendix, while only a summary fgure is presented in the main
text (see new Figure 8 below).

We believe these changes reduce potental arbitrariness in formulaton selecton and improve the transparency
of the analysis.



MINOR COMMENT #10 ---------------------------------------------------------------------------------------------------------------------

Lines 537-538: the writng ‘but the added value may not justfy the increased complexity required to implement
this adjustment’ is not straightorward, are you trying to see the model is too complicated and over-fted? I
suggest the authors to increase clarity and conciseness throughout the paper. Another example where the
clarity can be improved is in Lines 549-550: ‘clear evidence is lacking to suggest that GPP in wetlands does not
exhibit diminishing returns under high RZSM conditons’

Answer:

The message intended in lines 537–538 was that, given the relatvely limited performance gains associated with 
introducing nonlinear ramps for modeling GPP responses to environmental drivers, this adjustment appears 
secondary in importance compared to the implementaton of a nonlinear light-response curve and the 
incorporaton of GDD (Secton 6.1). We agree that the original wording may have been unclear and potentally 
misleading, and it has been revised.

Regarding lines 549–550, the intenton was to highlight that the literature does not provide clear evidence on 
whether GPP in wetlands contnues to scale or level of under high RZSM conditons. This point has been 
reformulated in the revised manuscript for improved clarity.

More broadly, these and other potentally unclear sentences have been revised throughout the manuscript.

MINOR COMMENT #11 ---------------------------------------------------------------------------------------------------------------------

Conclusions

Lines 630-634,  the importance of winter and should seasons is only mentoned in Conclusions, which is not good
writng practce. I recommend authors to add this into the secton 6.5 Limitatons to acknowledge this research
didn’t focus on these seasons.  The authors then can briefy menton this in Conclusions.

Answer: 

In the revised manuscript, a discussion of the importance of winter and shoulder seasons has been added to
Secton 6.6 (see below; Secton 6.5 in the original manuscript). Secton 7 - Conclusions has been updated to
briefy state that future work will aim to improve the representaton of these periods in the L4C model.


