Response to Reviewers: Importance of plant functional type, dynamic
vegetation, and fire interactions for process-based modeling of gross carbon
uptake across the drylands of western North America

RC2: 'Comment on egusphere-2025-2841', Susanne Rolinski, 01 Mar 2026

Review of “Importance of plant functional type, dynamic vegetation, and fire-interactions
for process-based modeling of gross carbon uptake across the drylands of western
North America” by Pervin et al.

General assessment

The study investigates on the representation of the variability of vegetation cover and
productivity in models that contribute to the global carbon budget activity TRENDY. The
focus lies on a specific semi-arid region, the western part of the US, and properties are
discussed not only of the models but also of the potential data products that are used
for comparison. The paper is very technical with a strong leg in the methods but at the
same time suffers from vague method descriptions. The presentation of the results is
the part needing most improvements whereas the discussion is smart, concise and
appropriate.

We thank the reviewer for their insightful and constructive comments and suggestions,
which we believe have improved the manuscript considerably. We have replied to each
point in line below. Please see below responses to each comment in blue and changes
made to the text in orange (with strikethrough showing deleted text and bold showing
additional text).

We note we have made several major changes to the text. To avoid duplication of text in
these reviews we refer the reviewer to our responses to RC1’s general comments
(specifically the second response) for a summary of these changes.

However, we also note that with the exception of smaller sections of text and the results
Section 3.1 we have not provided revised larger sections of text here. We have made so
many changes to the manuscript that we would end up copying most of the manuscript



into our response to reviewers. We anticipate that a tracked changes version of the
manuscript will be needed to fully understand changes we have made. We have made
an exception for Section 3.1, as it is in that section that we have made the key change
from using slope as a metric of IAV to using standard deviations (and their differences).
Please see the comment below this one for further details. We have provided all new
figures and their captions in the response to reviewers.

The main critique in this review targets the presentation of the results which could be
much more reader-friendly. This refers to:

- the naming and use of variables. Variability and standard deviation for GPP and
vegetation cover are used but the repeating use of descriptive and long naming hinders
the understanding. Please find for all the used variables (also coefficient of variation and
the slope values of the linear regressions to the data) telling names and use them
consequently in the text.

Thank you for your suggestion to make the writing coherent. Based on other reviewer’s
comments we simplified our variability metric to simply looking at standard deviation in
annual GPP time series of both the models and DryFlux and then the differences in the
standard deviations, including metrics such as the area-weighted mean standard
deviation. To avoid duplication in our response to reviewers, we refer the reviewer to our
responses to the general comments made by RC1 and associated specific comments
regarding this change. As a result we think we have simplified the results description
considerably, which will account for the general suggestion made by this reviewer. See
our response to RC1 L507 as an example of revised text for Section 3.1.

- the grouping of the models. Also here, consistent naming of the different groups and
the use of these names could improve readability and make the text more concise.

We have made an effort to better describe why we have grouped the models in the way
that we have, which is not based on their process representation as might have been
implied by the original Section 3.2. We have removed this section where we grouped
models according to whether they had fire or dynamic vegetation (see our response to
RC1’s general comments) to avoid confusion and speculative text, and because we
have reordered our hypotheses and results to discuss the relationship between mean



PFT fractional cover and GPP IAV before discussing the possible relationships between
dynamic vegetation and fire. Therefore the only grouping of the models we do now in
the manuscript is to group models according to whether they have similar or lower
standard deviation in annual GPP compared to DryFlux, or whether they have much
higher standard deviation in annual GPP. We hope these changes make this point much
more clear in the revised manuscript. Please see our response to L457 and 459 for
further details.

My recommendation is ‘major revisions’.

Specific comments

title: This is very model-specific. Is it possible to adjust it and include a statement
coming from your analysis and addressing a wider audience?

We are not sure if this is quite what the reviewer is suggesting, but we have changed
the title to:

“Importance of plant functional type, dynamic vegetation, and fire interaetions-for
process-based modeling of annual variability in gross primary productivitycarbon
dptake-across the drylands of western North America”

In part this was in response to a general comment from RC1. We wanted to keep the
focus on modeling just because it is a very model focused paper.

Abstract: much too long.

Thank you. We agree. We have completely revised the abstract. The full revised text
now reads:

“Drylands cover ~41% of the Earth’s land surface and contribute more than one third of the
global terrestrial net primary productivity. Several studies have demonstrated that drylands play
a crucial role in global terrestrial carbon cycle interannual variability. However, drylands are
vulnerable to the impacts of climate change. To project changes in dryland productivity under
climate change we depend on dynamic global vegetation models (DGVMs). In contrast to mesic
ecosystems, dryland carbon cycle dynamics in DGVMs have not been as widely evaluated, with
most past studies focused on comparisons to in situ flux tower data. Global satellite or upscaled



gross primary productivity (GPP) data products have poor performance in dryland regions. Only
recently have upscaled in situ flux products been developed specifically for drylands. Here, we
evaluated standard deviation in annual GPP (as a metric of inter-annual variability, IAV) across
western North America simulated by 15 DGVMs from the TRENDY v11 model intercomparison
project against standard deviation in the DryFlux v1.0 GPP product. DryFlux is a newly
developed upscaled GPP product that considers dryland-specific ecohydrological responses.
Comparing model simulated GPP 1AV to DryFlux, we identified two groups of models: one group
of models with similar or lower GPP |IAV than DryFlux and a second group of models with
generally higher GPP IAV than DryFlux. We examined if model PFT type, fractional cover,
dynamic vegetation or burned area |AV can explain differences in model GPP IAV and model
disagreement with DryFlux. We also assessed if model PFT fractional cover and burned area
IAV and their relationship to GPP IAV matched reference datasets. Our findings suggest that
DGVMs inability to accurately represent the spatial distribution of herbaceous (specifically C4
grass) cover as well as processes controlling dynamically changing vegetation distributions over
time (including fire) contribute to poor model performance in capturing annual variability in
dryland productivity. These results provide a roadmap for DGVM groups seeking to improve
representation of vegetation-carbon dynamics in sparsely vegetated dynamic dryland
ecosystems.”

L48: ‘global net primary productivity’ — you mean the terrestrial contribution, right?
Please clarify.

Thank you for pointing this out. We have clarified that we are referring to the terrestrial
contribution in the text.

L49: also global versus terrestrial

Yes the reviewer is correct. We have also clarified this in the revised version.

L51: really? What do you think about upscaled Fluxnet data products like Jung et al.
(2020, doi: 10.5194/bg-17-1343-2020)

Thanks for mentioning this. We edited the sentence to “project” GPP as we meant
future predictions. We are aware of the upscaled fluxnet data products that predict in
unknown locations to get the continuous global data products but it does not predict the
future vegetation productivity.



L53: Since DGVM carbon cycles have been widely evaluated, please insert ‘from
drylands’ at the end of the sentence to be more specific.

Good point, thank you. We have added “drylands” to a slightly revised version of this
and the following sentence, which now reads:

“In contrast toCemparedtomore mesic ecosystems, B&Y¥M-carbon cycle dynamics in
DGVMs have not been as widely evaluated, with most past against-data—Existing
dryraﬁd—studles a+e—mesﬂy—focused on comparisons to in situ flux tower data.-at-site

L53: The sentence starting with ‘Existing studies’ is somehow not complete. Please
clarify.

Thank you, we agree. We have revised this sentence. Please see the previous
response for the revised sentence.

L55: Which GPP products do you mean? Please be more specific.

We have not added specific GPP products here as we need to shorten the abstract, but
they are detailed in the introduction. We have added that these are satellite or upscaled
GPP products for clarity on this point.

L55: | would prefer a comma after ‘Only recently’ but this is personal choice for better
readability.

We have actually revised this sentence/the abstract to better flow from changes made
to previous sentences. Please see the revised abstract text above.

L58: In case there are references, please include them after ‘intercomparison project’
and ‘DryFlux GPP’. When there is none for the latter, maybe inlcude ‘the here
presented’ or something similar before.

We would have included references throughout the abstract but BG guidelines say
“‘Reference citations should not be included in this section unless urgently required.” We



have included references to both as soon as they are mentioned in the main part of the
manuscript.

L63: The sentence seems odd using ‘if including’. Please reformulate.

We have revised this sentence in part to change this wording and in part to shorten the
abstract per the suggestion in the General assessment section of the review above.

enabled irthe-medels-can explain the inter-model spread and model perermanee-in
comparison to DryFlux.

L68: ‘study area’ is mentioned here the first time without stating it. Of course, ‘western
North America’ is part of the title but it would be nice to specify it before.

We thank the reviewer for catching this omission. We have revised the sentence further
up in the abstract so it now reads:

“‘Here, we evaluated GPP-inter-annual variability (IAV) in GPP across western North
America simulated by 15 DGVMs from the TRENDY v11 model intercomparison project
against the DryFlux GPP, which is a newly developed upscaled GPP product that
considers dryland-specific ecohydrological responses. ”

L71: Could you give some detail or a reason why it seems a wanted feature that the
annual variability of simulated burnt area correlates with GPP IAV. This aim should be
motivated.

We have further described this in the introduction (hypotheses) and do not want to add
this detail here to avoid lengthening the manuscript.

L72: The term ‘any strong relation’ is misleading. Please clarify what you were looking
for. Was the aim to find any relation or did you only accept significant correlations?

We have removed most of the results we originally had in the abstract to cut the length
considerably, which means this sentence has been removed. Please see the revised
abstract text above.



L74-77: Also here, it does not become clear which kind of correspondence you were
looking for. In the abstract, it would be helpful to leave the technical terms aside and
give an impression which property of the model simulations matches those of the
observations and for which you were looking in vain. On the other side, be more specific
when you characterize the correlation and omit terms like ‘strong’ or ‘high’.

For now we have removed this text following a suggestion from Reviewer 1 to only
highlight the main conclusions (RC1 L73-83), but if this reviewer thinks we should focus
more on results and less on methods in the abstract we will revise the abstract again
and account for this comment. Please see the revised abstract above.

L78: It remains unclear what is related to what because you have 3 datasets connected
with ‘and’. Please clarify. Did you correlate annual GPP from each model with DryFlux?
How does C4 grass cover come into play?

We have tried to make the methods more clear in the abstract and have grouped all
methods together before briefly describing the headline results. Please see the revised
abstract above.

Introduction :

L93: ‘earth’ — ‘Earth’

Thank you, we have changed this.

L95: It would be good to include here the abbreviation ‘ESM’ after ‘earth system
models’.

Thank you, this has been added.

L100: Which ‘vertical structure’ do you refer to? Do you consider just plant
compartments such as leaves, stem, or roots or height distributions of the biomass?
Please be more specific.



We thank the reviewer for pointing this out, because this is not clear here and in fact
could mean a range of different things, for example: change in LAl as plants grow, or
more explicit changes in vertical canopy structure. All DGVMs simulate the former, while
it’s really only the vegetation demographic models that simulate the latter. As vertical
structure is not a focus of our study, we have chosen to avoid this confusion and
remove this part (including a mention of rooting depth as that is also variable across
models but not pertinent to our study. This sentence now reads:

“‘All DGVMs simulate seasonal vegetation dynamics (such as e.g., leaf phenology)-and

ehanges-n-vertical-structure-orrooting-depth; however, only a subset explicitly

predicts—rather than prescribes—simutatethe spatial distribution of plant functional
types (PFTs) and dynamic changes in PFT type and spatiat-distribution+{fractional cover}
over time-G which henceforth referred to as “dynamic vegetationy’

L101: Start a new sentence with ‘However’.

Actually we have kept the semi-colon here. A semi-colon before “however”, with a
comma after, can be used when “however” is used as a conjunctive adverb to separate
two closely related but contrasting clauses, which is the case here. But we appreciate
that, in some instances, starting a new sentence or re-phrasing the sentence would be
better. We have gone through all instances of the use of “however” to check we are
using this structure correctly.

L105: ‘ESM’ is used without definition. That’s why | suggest to include it in L95.
Thank you. We have added that.

L106: There is a bracket missing after ‘(Bonan, 2019)'.
Thank you. Added

L111: Again start a new sentence with ‘However’. This applies also to many more lines.

In response to RC1 L106-114, we have removed this part of this sentence.



L115: Please include ‘applications in’ or similar after ‘Compared to’.

Thank you, we have changed this to: “Compared to model evaluations in...”.

L116: Here and at other places some white spaces are missing before brackets.

Thank you for pointing this out. This was an issue with the referencing. We have
corrected all such instances of this error in the manuscript.

L121: Sentence with ‘;’ not easy to read.

Thank you. We have removed the semi-colon and inserted a period.

L126: Please include ‘at the’ after ‘versus’.
Thank you. We have revised this sentence for clarity. It now reads:

“Interestingly, there are mismatches in DGVM performance in terms of their ability to

betweenthe-findingsfer-how-welk-meodets—ean-capture C fluxes at site versus global

scales”

L126-132: Please make two out of this very long sentence.

Thanks for the suggestion. We split it into two and also shortened the first sentence. It
now reads:

“Studies evaluating a suite of TRENDY DGVMs frem-theTRENDY-moedeHntercomparisen-projeet-across

Australian and southwestern US dryland sites found that most models underestimate both the-mean

gross and net C fluxes prirrary-productivity-and-ret-ecosystemexchanrge-(NEE>-and their interannual
variability (IAV) (MacBean et al., 2021; Metz et al., 2023; Wang et al., 2022; Whitley et al., 2016).whick

Tthese studies suggest model underestimation may be due to inadequate representations of vegetation
dynamics such as tree-rooting depths and leaf phenology, which are essential for capturing plant
responses to rainfall variability (Renwick et al., 2019; Whitley et al., 2016, 2017).”

L143: You mention ‘exact causes’ for the model behaviour and | am not sure what this
would be even after working for more than 30 years with models. Could you be more
specific about what you expect to find?



Thank you, good point. We have changed this sentence to clarify what we meant here.
It now reads:

“Although numerous processes have been suggested to explain poor model
performance in capturing dryland carbon fluxes, the underlying causes remain
unresolved.”

Our hypotheses, which we note have been reordered in the revised manuscript, provide
more context on what we expect to find.

L149: Again you use a ‘;’ instead of beginning a new sentence. Please avoid this.

Actually we disagree with the reviewer here. It is grammatically correct to use “thus”
after a semi-colon to link two independent clauses that are closely related. It acts as a
conjunctive adverb to indicate their connection - the second part flows from, or is a
consequence of, the first. So we choose to keep it here. We appreciate it may not often
be used. But it is grammatically correct.

L149: Maybe better ‘the type of dryland vegetation’ instead of ‘dryland vegetation type’.

Thank you for the suggestion. However, we have changed the sentence to clarify what
we’re specifically referring to and to link better with the following sentence. It now reads:

“These responses vary depending on the dryland aridity and the type of vegetation
cover; thus, it is important to have correct representations in DGVMs of dryland
PFTsvegetationtype and their fractional cover (fCover) (either prescribed or simulated)”

L157: You mention PFTs are not ‘well adapted’ to drylands. Please be more specific if
they are not well parametrized or rather lack processes or linkages so that the kind of
improvements becomes clearer.

Good point thank you. We have rephrased this section to make this more clear. It now
reads:

“In addition, most dryland PFTs and processes key for dryland ecosystem
functioning are not well parameterized in DGVMs. For example, spatial
competition for resources between woody and herbaceous species is not
possible with “big leaf” models, dynamic root growth and different root



architectures are typically not implemented, and grass phenology is often

oversimplified in models (MacBean et al., 2015)-adaptedfordrand-ecosystems.

Such issues are hypothesized to contribute to inaccuracies in simulated
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teadingtotunderestimation-of-productivity, especially in ecosystems where annual
grasses and variations in fire regimes play a major role in ecosystem dynamics (Wilcox
et al., 2023).”

L170: Spitfire reference Thonicke et al. 2010 (doi: 10.5194/bg-7-1991-2010) to be
included?

Yes, thank you for spotting this. We have included it now.

“.n

L191: In this case, a new Sentence is more appropriate then ;.

Here we agree. We separated it into two sentences.

L201: | would have expected that the target is to match the variability of model results to
those in the data. Surely, deviations from the data variability have to be specified and
reasons have to be found. Please clarify and reformulate.

Thanks for mentioning this. Indeed this is the case. We have altered this paragraph so it
now reads:

“The two main objectives of this study are to: 1) use DryFlux v1.0 to identify if TRENDY
v11 models have similar, higher, or lower variability in annual GPP compared to the
DryFlux product across dryland regions of western North America; 2) examine potential

causes of inter-modet-spread-and-in-differences between their models
andperformaneces-with-respeetto DryFlux, with a specific focus on the role of preeesses
retatedto-biogeography-sueh-as-vegetation type, fractional cover, dynamic vegetation,

and fire. We test 3 main hypotheses related to our second objective.”

L203: Somehow, the sentence is not complete. Or do you mean that the second part
should be read “causes in differences in model...”? That would become clearer, when
both objectives are formulated in single full sentences and not as a listing.



We have revised and shortened these objectives. Please see our response to the
previous comment L201.

L210: | would prefer “subsequent to a disturbance” instead of “following disturbance”.

Thank you for the suggestion but we are keeping the wording as it is here.

L217: 1 would prefer “hypothesized” instead of “predicted”.

We have replaced “predicted” with “expected”. Please see our response to comment
L532 below.

L228: Maybe better “simulate” than “predict”.

Thank you, we agree. We have replaced this word with simulate.

Method

L262: The bracket is missing after October and the whole sentence is hardly readable
with the two “are”. Please use two sentences.

Thank you for spotting this. We've added the bracket and split the following sentence
into two sentences.

L267: Do you mean “bi-modal’?

Yes, thanks for catching the typo.

Fig. 1: Please bring the numbers at the box of the legend instead of the lables
“semi-arid (0.2-0.5)".

Thank you for the suggestion. We will do that.



L282: Do you mean “selected” or really “elected”?

Thank you for finding this typo. We have fixed it.

L284: The data are usually named “CRU JRA”.

Thank you. We’ve actually changed this to: “0.5 degree CRU-JRA55 6-hourly
reanalysis” to be more specific.

L285-287: Please delete “what” and “included” to make it a sentence.

Thank you for the suggestion. We have actually deleted this line as suggested by
Reviewer 1’'s comment for the same line numbers (L285-287) and also to reduce the
paper length by deleting any information that is not directly related to our analysis.

Table 1: | would shorten the caption so that it only describes the entries. Include
explanations in the text.

Thank you for this suggestion. We have shortened the table caption and added the
details in the text. The sentence in the text (Section 2.1.1) now reads: “However, the
representation of biogeographical processes (e.g., dynamic vegetation and fire) varies
across the TRENDY v11 models (Table 1), influencing vegetation distribution (fractional
cover) and its variability, and thereby affecting GPP variability.”

L308: Maybe better “have a combination of” instead of “have combine”.

Thank you. We have changed this to “have combined shrubs with...”

L315: The sentence starts a bit unfortunate with “If a model”’. Please reformulate.

We agree. We have modified this sentence so it now reads: “If a model had an—mix-ef
grasses-andtreesdike—open shrubland* or a-savanna vegetation class it was added
included in the withinthe-eategory-of-woody vegetation category (JULES, JSBACH,
CLM5, VISIT, YIBs)”



L322: This statement is a bit weird. Please either talk to the people directly, check the
website or use other means to clarify this.

We have revised this sentence following a suggestion from Reviewer 1. Please see the
response to RC1 L323-324 for the changes made.

L328: Include the missing reference.

Thank you. We have added a reference to Weber et al. (2022) Biological Reviews but
we note that we have moved this sentence about biocrusts to the discussion following a
comment (L328) from Reviewer 1.

L341: Please include also a reference for the SPEI (and how you calculated it).

SPEI data were used in the DryFlux model but not directly in this study. In fact we do
not refer to SPEI again (so we have removed the acronym). We do not want to inflate
the manuscript length by providing all methods details about the DryFlux model as there
are a number of datasets, not just SPEI, that are used. The data processing and
DryFlux model development are also complex. Instead we have added the following
sentence after the sentence referenced here: “For further details regarding the data and
methods used to develop the DryFlux model please see Barnes et al. (2021).”

L344: | assume, you mean “seasons” instead of “reasons”?

Yes, thank you. Corrected.

L351: Delete the hyphen between ground and from.

Thank you. Corrected.

L354: Also the hyphen after indices seems misplaced.

Thank you. Removed.

L365-366: definition of trees with height above 5m is doubled. Please reformulate.



Thank you for spotting this. We have removed the first mention of the tree height (tree
height > 5m).

L373: Please give download location, reference and date of download for MODIS data.

We have decided to only have data download information in the data availability
statement, where we had already mentioned the reference and date of download for the
MODIS VCF data. However, we have now added the exact download location for the
MODIS data to the Data Availability statement as well as the version number. We have
also removed any mention of where data were downloaded from this and all data
sections.

L384: There should be brackets around 2022.

Thank you. Corrected.

L388-391: Please reformulate to make it better readable maybe using some like “out of
two reasons: first ...main focus is natveg ... and second ... no crop flux tower sites”.

We agree this could read better. We have reformulated the sentence according to the
reviewer’s suggestion, thank you.

L394: Maybe “included in” instead of “common to”.

Changed.

L395ff: When you introduce the term |AV for interannual variability for GPP and other
variables, please define it (standard deviation of annual values?) and also use the term
consequently. You can also define special terms or characters for specific variables that
reoccur which would increase readability.

We have now switched so we only use one metric for IAV, as described in our
responses to Reviewer 1’s general comments and have updated Section 2.5
accordingly. However, we have not pasted the new Section 2.5 text in this document as
it is 647 words long (although we have cut 175 words).



L396: Maybe begin the sentence with “For comparing the interannual GPP between...”
and express it more simply.

Thank you, we have simplified this sentence. It now reads:

“To compare DryFlux and TRENDY model time series, we calculated the spatially
weighted sum of annual GPP for the entire study area as well as annual anomalies.”

L399: The closing bracket is missing (at the end of the sentence?).

Thank you for spotting that. However, we have revised this sentence and removed the
part in brackets.

L407: The paragraph is motivated by “Data analysis” but just plotting the data is not an
evaluation. Please give reference and state the metrics used for the evaluation.

Thank you we have removed any mention of plotting and mapping and have only
referenced the analyses in the revised version.

L409-412: Please reformulate and simplify the sentence.

Thank you for the suggestion. We have removed the middle part related to the KDE
plots here to simplify the sentence.

L413: Maybe better “within the model ensemble” instead of “between models”.

This part has now been removed.

L416: Could you use two sentences maybe dividing after “soil”.

Thank you. Done.

L420: Specify how you did the comparison. Did you only compare visually or used a
metric?



We have removed this sentence and focused only on the analyses performed.

L424: Your sentence suggests that the linear regression statistics show the ratio of
variance. Could you explain and specify this in the text.

We have clarified that we are looking at R2 values.

L427: Either give a reason why CV is more appropriate or just state that you used the
relative variation.

We have switched from using CV to standard deviations in all analyses due to issues of
using CV as a relative measure of variability.

L432: Since “benchmarking” is a wide field, please specify how your benchmarking is
performed.

We have since removed this sentence but have included a description of this further up
without referring to “benchmarking” but instead refer to a “visual comparison” for this
specific part.

L435: Delete the beginning until “fire”.

Done.

L437-441. The sentence is too long and the punctuation mark at the end missing.

This sentence has been removed as we now look at all grid cells with a fCover greater
than O.

L439 and 442: twice stating the threshold values. Please clarify.

This sentence has been removed as we now look at all grid cells with a fCover greater
than 0.



L443: Again “plotting” is used for evaluating which should state the method or metric.

We have removed mentions of plotting and only refer to analyses performed (with the
exception of visual comparison of the spatial distributions between PFT groups).

L447: 1t would be interesting to read how you “assess” the relationships. Please specify.

Assess was not a good word to use here. We use “determine visually” for this particular
comparison.

L452: Maybe this is only a personal preference but it would be nice to start the
paragraph with a statement and avoid this “Fig. X shows...”. What is the most striking
and interesting information you want to convey for the time series of the area sum of
GPP?

We agree. We have removed this sentence as it is not needed and not striking, as the
reviewer suggested. We revised all the results descriptions to remove this type of
sentence following this suggestion and to shorten and clarify the text in the manuscript,
except where such a sentence helps to transition to a new paragraph (e.g., line 670 in
the original manuscript).

L453 and 454: “curves” instead of “curve”

Thank you for spotting that. Corrected.

L456: Insert a space after tDryFlux.

Corrected, thank you.

L457 and 459: You specified these colors for a certain reason. Better use the
content-related grouping and specify that these are denoted by bluish or brownish
colors.

We are not sure what the reviewer means here. Does the reviewer mean group by
processes represented in the models? We have grouped models here not by
processes, but by their general pattern of whether they have a similar or slightly lower



standard deviation in annual GPP compared to DryFlux (brown curves and bars in the
new Fig. 2c subplot) or tend to overestimate the standard deviation (blue curves and
bars in the new Fig. 2c subplot). We have edited the text to reflect these patterns better.
Please see our response to RC1’s L462/Figure 2 comment.

L467-468: The statement should be moved to the methods section.

Good point. This is a repeat of what we have in Section 2.5 (L400-404 in the original
manuscript). We have removed these lines here.

L469-475: Please simplify this long sentence.

Thank you. We agree. We have revised this whole section in response to some of
RC1’s comments. Please see our response to RC1 L507 for the new text (2nd
paragraph of text in orange).

L479: Please clarify that your target value is 1 and that the values give information on
over- and underestimations.

Thank you. We have actually removed the use of slope values as a metric of GPP |AV
in response to suggestions from RC1. Please see our response to their general
comments and our response to RC1’s comments L467-469 and L507.

L481: To omit the data is completely fine but you could give some values for mean +- sd
inside and outside of the region (and the respective source).

We have now included maps of mean annual temperature and mean annual
precipitation following this comment and RC1’s comments L256-269 and L481. Please
see RC1’s L256-269 for the new figure.

L488: The part of the sentence after “which are” is better placed in the methods section.
| would recommend first to describe the target, the KDE of data and then the models.
The whole section is very technical.



Thank you. We have moved the sentences the reviewer is referring to here into the
methods Section 2.5. We have then edited this paragraph to remove reference to the
slope values and to improve readability and conciseness. Please see our response to
RC1’s L5607 comments with the new text in this section (paragraph 3 of the text in
orange).

L490, 493, 495: Using the colors in this way is not so helpful. See my comment below.

We have chosen to group models based on their general patterns of how they compare
to DryFlux annual GPP variability. Please see our response to L457 and 459 above.

L518: Is it right that Fig. 4 shows the same information as in Fig. 3d but in a different
order? And the difference between Figs 4a and 4b is only the order, right? The order is
determined either by grouping the models according to their dynamic vegetation and/or
fire module inclusion. Maybe, the reader would benefit from a different presentation in a
table-like style. You have a group of models without fire/dynveg modules, a group with
both and a group without dynveg with fire (no model with dynveg and without fire). Thus,
one dimension of the table would be natveg yes/no, the second dimension would be fire
yes/no. The KDEs of the models could be placed into the respective quadrants. Please
think about this possibility and maybe you have an even better idea.

Thank you for this suggestion and yes that is what we intended to demonstrate with this
figure. However, we have since removed this section following our reorganisation of the
hypotheses and results to discuss the role of mean PFT type and fractional cover first,
before then presenting the results on the role of dynamic vegetation and fire (please see
our second response to RC1’s general comments that summarises major changes to
the manuscript). This decision was also made to shorten the manuscript, and following
a comment from RC1 (L525-532) that the results here are speculative. We prefer to
show what we are trying to describe in the original Section 3.2 in the more detailed
analyses in Section 3.3.

L520: Please exchange “whether fire was included” with “the inclusion of a fire module”.

Thank you for the suggestion. However, we have removed this section from the revised
manuscript. Please see our response to L518 above.



L532: Find an alternative to "predicted” like “hypothesized”. This applies also for many
other appearances of this word which is not appropriate in this context. You do not
predict but you assume, hypothesize or suppose.

Thank you for the suggestion. We have removed this section from the revised
manuscript (please see our response to L518 above) but we note that we use the
framing of a hypothesis as a theory and predictions (we could call them expectations)
that follow from that theory. In this type of analysis aiming to understand differences
between models and data, the hypotheses are the theory of limitations in the model and
the data that will affect the model-data comparison, and following from that our
“predictions” of what the model-data comparison will actually show. But we agree that
the word “prediction” in this sense is a little tricky given our analysis is focused on a
model (which makes predictions). Therefore we have changed the usage of “predict” in
this context to “expect” throughout the manuscript.

L543: You could help the reader by using your abbreviations like IAV and put in more to
the beginning of the title like “Spatial patterns in IAV of PFT fractional...”.

Thank you. We agree. We have changed this sub-section heading following this
suggestion and also altered other sub-section headings following the same principle.

L545: “section 2.2” is not a results section and should not be referred to as such. Then,
you describe (again) the grouping of the models by their dynveg and fire module
inclusion. It would be much easier to read when you find a name for the three groups
(see comment to L518) and include this in table 1.

“Section 2.2” is a typo and should have read “Section 3.2”. However, we have removed

this whole first paragraph because we have removed Section 3.2 for reasons explained

in our response to RC1 L525-532. Please see our response to RC1 L561 for the revised
text at the start of this section.

While we do describe specific results for models that have dynamic vegetation and fire
enabled in Section 3.3, we now mostly refer to model groupings based on a comparison
of their standard deviations in annual GPP with DryFlux. Please see our response to
comments L457 and 459, L490,493,495, and L518 above. We hope this makes the
description of the results more clear and easy to digest in the revised manuscript.



L546: Is this standard deviation the same as IAV? If not, specify it in the methods.

Yes it is a proxy for 1AV of the PFT fractional cover. We have added this into Section
2.5.

L548: “vegetation” occurs twice, please delete one.

Thank you for spotting this. We corrected this but then deleted this section.

L550: Here you explain the coefficient of variation which should be done in the methods,
get an appropriate name there which is then used here.

Yes this was unnecessary here. We have since switched from using coefficient of
variation (see our response to RC1’s general comments) and therefore have removed
this text here anyway.

L554: | understand that you want to mention LPX-Bern in this sentence but it seems to
be done as a second thought. Please reformulate.

Thank you for the suggestion. Given we have removed this section of text in the revised
document (as described in our response to comment L545 and Please see our
response to RC1 L561) we have removed this sentence.

L555: You describe an “increased spread” of GPP |IAV. Do you mean that there is no
distinct mode of the distribution? Please be more specific.

As described in the previous comment, this whole paragraph of text has been removed.

L557-558: This is more interpretation and could be moved to the discussion.

As described in the previous comment(s), this whole paragraph of text has been
removed.



L563: Again, a definition — of the coefficient of variation — which should be moved to the
methods.

Thank you for spotting this. We have removed all descriptions of the coefficient of
variation given we no longer include this as a metric of IAV in the manuscript.

Fig. 5: Could you explain why the target is the perfect fit between the CV or did |
misunderstand something?

Thank you for pointing this out. We have since switched from using coefficient of
variation (see our response to RC1’s general comments) and therefore have changed to
using standard deviation here. Please see our response to RC1 L623 for the updated
plot.

Fig. 8: Also include the meaning of the red line into the caption.

Thank you for spotting this. We have added a legend to show this regression line, as we
did in Figure 5 (now Figure 6).

L626: Similar to comment for L543.

Thank you. We have changed this sub-section title so it is now “Relationship between
dominant vegetation type and GPP IAV”.

L628: Also here, it would be good to find short names for both variables compared and
use them consequently. This would shorten the text tremendously and focus better on
the relevant parts.

Thank you for this suggestion. We have revised the variables we use to compare GPP
IAV to just looking at standard deviations in annual GPP time series (and the differences
between the models and DryFlux) to improve clarity and in response to other
suggestions from RC1. Please see our response to RC1’s general comments and our
responses in the General assessment section at the beginning of this review for further
details.



L638: This relationship is not really visible. Better omit this.

Yes, agreed. We have removed this.

L652: Somehow an “s” appears between GPP and (). Please delete.

Thank you for spotting this. Removed.

L653: Include the reference to Fig. S1e after “fCover”.

Good idea, thank you. We have added that.

L655: Close the bracket at the end of the sentence.

Thank you for catching this. Corrected.

Fig. 9: Also include the color code for the models in the caption because you use them
in the text (L647 and L648). Also the horizontal line for slope=1 should be included.

Thank you. We have added these points in, although we note that the horizontal line is
now at a value of zero because we are looking at the area-weighted mean of the
differences in annual GPP standard deviations across the study area. Please see the
revised Figure 4 and its in response to RC1 L442.

L670 and 680: The specifics of data sets RAP and MODIS should better be included in
the methods sections 2.3.2.1 and 2.3.2.2 because the characteristics are properties of
the data and not your results.

Thank you, this is a good point. We have removed these sentences from the results.
However, we have inserted them into Section 2.5 (“Model-data comparison and
evaluation metrics”) where we describe the comparison to RAP and MODIS VCF
(instead of 2.3.2.1 and 2.3.2.2) because we compare RAP to MODIS VCF here, so
these sentences really need to come after we’ve described both products.

L684: Please reformulate for better readability.



Thank you for this suggestion. We have overhauled this entire section. Though we have
not provided the revised text in the response to the reviewer, please see our response
to comments in the General assessment at the beginning of this review for further
details.

L708: The term “this study” refers to the unpublished paper which is misleading. Please
omit this part which goes beyond the announcement that there will be a further study.

True, thank you. We have completely altered this section so it simply reads: “However,
including soil moisture at different depths in a later version of DryFlux had limited impact
on DryFlux predictions of GPP IAV (data not shown).”

This paper is about to be submitted. If it gets through review quickly then we hope to
include a reference to Pervin et al. (2026) in the final version.

Pervin, R., MacBean, N., Robeson, S.M., Hu, J., Kannenberg, S.A. and Barnes, M. (2026)
Depth-differentiated and antecedent soil-moisture conditions improve machine learning
predictions of dryland carbon fluxes. To be submitted to Environmental Research: Ecology in
May 2026.

L781: Do | get it right that the RAP data does not contain a specific crop layer but the
crop contribution is included in the total signal? Please be more specific.

The product is not trained on crop sites and not designed to include croplands. So in
theory there are no crops in the RAP product and they don’t provide a crop mask. Of
course, crops could be misclassified and therefore mistakenly included in the RAP
vegetation layers, but we have no evidence of that and don’t want to speculate. We
have reformulated this sentence so it now reads:

“The RAP fractional cover product is intended for rangeland vegetation and does not
explicitly represent cropland cover types. As a result, crop fCover from the DGVMs
could not be evaluated, which was one reason croplands were masked in this analysis.”

L786: Your paragraph does not only discuss the “inaccurate” contributions of the
modules. So maybe better omit this word in the title or take it bit broader with “different”
(or something similar).



Thank you. We have changed this to: “Representation of dynamic vegetation and fire in
DGVMs”

L817: There are a bit too much brackets here. Please clean up the list.

Thank you. Corrected.

L835: Please exchange “if it was better represented” e.g. with “in case that
representation is improved”.

Thank you. Changed to: “if fire representation in DGVMs is improved”.

L838: Maybe the model names in brackets?

Thank you. Actually we have removed these model names and copied this sentence up
after the 1st sentence in this paragraph so we first say some models have high standard
deviation in burned area that corresponds well with GPP |AV. But then say that still, the
GPP IAV of these models is still underestimated.

L855: Maybe replace the part after “question” with “how shrubs survive when grasses

”

are....

Thank you for the suggestion. We have changed this sentence to: “This raises the
question of how shrubs are able to survive, especially during drought, if grasses are
highly opportunistic.”

L897: Although this subsection is interesting and relevant, please omit it because it
relies on an unpublished paper.

The unpublished paper in Section 4.5 — cited as “Bogucki et al. (in prep)” in the original
submission — has since been submitted, undergone a round of revisions, and has just
been accepted in Environmental Research: Climate, so we will include the reference
here and keep this section. We believe Bogucki et al. will be published soon and we will
update volume and page number in the final version.



Bogucki, L., Feldman, A., Moore, D.J.P., Amaral, C., Wang, L., Green, J., Babst, F., Ojima, D.,
Pervin, R., Reed, S., Smith, W.K., Zhang, W. and MacBean, N. (2025) Tropical and subtropical
drylands dominate variability in global net terrestrial carbon flux irrespective of different global
ecosystem classifications and geographic scales. Accepted in Environmental Research:
Climate.

L941: The word “accurate” does not really capture your discussion. Maybe use
something with improvement or ecologically-based.

Good point, thank you. We have modified this sentence to remove this part and update
the sentence so it now reads: “However our findings provide a roadmap for model
development by identifying priorities for te-the-medeliersinterms-efimproving
vegetation representation in sparsely vegetated, mixed woeody-shrub-grass eyramie
dryland ecosystems., speeiicatytofocus-onacecuraterepresentationof-G4-grasses.



