
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 6 and 7 (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 propose to retain
the standard random 70%–30% splits in the revised manuscript and to replace the original Tables 4 and 5 with
those presented here. Secton 4.4 (Method) will be updated accordingly and Secton 5 (Results) will compare
median metrics of the testng splits across model formulatons. 

Please note that Tables 4, 5, 6 and 7 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) will be included in Appendix.



GROSS PRIMARY PRODUCTION TABLES (TABLE 4 vs. TABLE 6)



ECOSYSTEM  RESPIRATION TABLES (TABLE 5 vs. TABLE 7)



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 will revise 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 will be 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 will also revisit the text in the revised manuscript to
reduce unnecessary abbreviatons where possible. However, we will retain 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 will 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 will be revised. Overall, Sectons 4.3 and 4.4 will be 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 will update 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 will be changed and be 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 will be 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 will provide 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 will be moved to Tables 4 and 5 to provide all performance metrics in a single
place. The evaluaton workfow described in Secton 4.4 will be 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 will include 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 will be 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, will be 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 will clarify 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 will be revised in the updated manuscript, and the reference to aboveground biomass (AGB) will
be 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 will be updated (see Referee #1 Major

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

all 25 possible ER formulatons (fve GPP formulatons combined with fve ER formulatons) in Appendix. This
additon will improve transparency and highlight 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 will be provided in Appendix, while only a summary fgure will be presented in the main
text (see new Figure 8 below).

We believe these changes will 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 will be revised accordingly.

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 will be 
reformulated in the revised manuscript for improved clarity.

More broadly, these and other potentally unclear sentences will be 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 will be added to
Secton 6.6 (see below; Secton 6.5 in the original manuscript). Secton 7 - Conclusions will be updated to briefy
state that future work will aim to improve the representaton of these periods in the L4C model.




